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FOREWORD

The Battlefield Information Systems Technical Area of the Army Research
Institute (ARI) is concerned with helping users and operators cope with the
ever increasing complexity of the battlefield automated systems by which they
acquire, transmit, process, disseminate, and utilize information. Increased
system complexity increases demands imposed on the human interacting with
the machine. ARI's efforts in this area focus on human performance problems
related to interactions with command and control centers, and on issues of
system design and development. Research is addressed to such areas as user-
oriented systems, software development, information management, staff opera-
tions and procedures, decision support, and systems integration and utiliza-
tion.

An area of special concern in user-oriented systems is the improvement
of the user-machine interface. Lacking consistent design principles, current
practice results in a fragmented and unsystematic approach to system design,
especially where the user/operator-system interaction is concerned. Desgpite
numerous design efforts and the development of extensive system user infor-
mation over several decades, this information remains widely scattered and
relatively undocumented except as it exists within and reflects a particular
system, The current effort is dedicated to the development of a comprehensive
set of human factors guidelines and evaluation criteria for the design of
user/operator transactions with battlefield automated systems. These guide-
lines and criteria are intended to assist proponents and managers of battle-
field automated systems at each phase of system development to select the
design features and operating procedures of the human-computer interface
which best match the requirements and capabilities of anticipated users/
operators.

Research in the area of user-oriented systems is conducted as an in-house
effort augmented through contracts with uniquely qualified organizations. The
present effort was conducted in collaboration with personnel from Synectics
Corporation under contracts MDA903-80-C-0094 and MDA903-82-C-0245. The effort
is reasponsive to requirements of Army Project 20263744A793, Human Performance
Effectiveness and Simulation, and to special requirements of the US Army
Combined Arms Combat Developments Activity (CACDA), Fort Leavenworth, Kansas.

ZigetT

EDGAR M. JOHNSON
Technical Director
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DESIGN GUIDELINES FOR USER TRANSACTIONS WITH BATTLEFIELD
AUTOMATED SYSTEMS: PROTOTYPE FOR A HANDBOOK

EXECUTIVE SUMMARY

Requirement:

To develop a methodology that provides a framework and format for a com-
prehensive set of human factors guidelines for the design of user transactions
with battlefield automated systems for use by human factors specialists and
system proponents, managers, and developers.

Procedure:

To meet the requirements stated above, a three phase research program was
initiated. Phase I was devoted to defining human factors requirements for
battlefield automated systems and establiishing a framework within which
guidelines could be organized. In Phase II, the technical data base was
further developed through search of the military and civilian literature related
to user/operator transactions with automated data processing systems and a pro-
totype handbook of guidelines was developed. When guidelines were available
in the literature, they were reworded as necessary for consistency of expression
and/or modified to conform to the newly established framework. Other guide-
lines were written on the basis of project staff experience, modulated by the
results of the analytic activities during Phase I.

During Phase III, the provisional guidelines were applied to the
soldier/machine interfaces of two battlefield automated system developmental
programs, each at a different stage of development. These application efforts
provided the basi for refinement of the format and methodology for developing

such guidelines. Modifications were made to the guidelines and they were
republished.

Findings:

Guidelines in the literature were plentiful in the areas of data entry
and error handling. There was also substantial information on coding ai..

display formats. Thus, approximately half of the guidelines were written
by the project staff,

Utilization of Findings:

The methodology, conceptual framework and format of the guidelines
developed in the course of this project appear to provide a productive
approach to inproving the process of "technological transfer" of data from
human factors researchers to other members of system design teams of

battlefield automated systems. The development of an officially sanctioned Py
B

set of guidelines will require interaction and coordination between many ' \
Ay agencies. This handbook will provide a stimulus for such interaction. ;f;ﬁz
in the meantime, judicious application of these guidelires will improve {{f}ﬁ
the effectiveness of the soldier/machine interface of future systems St
and will promote the behavioral intecroperability of these systems, i.e., iii\fn
increase the degree te which skills and knowledge can be transferred from el
one system to another. 570
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;:' This document is the final product of a three-phase project to develop

5 a framework and format for a handbook of human factors guidelines for use by

| E: Army system developers and designers, system manufacturers, and particularly,

':g human factors specialists serving as members of design teams of battlefield

N automated systems.

) The first phare of the project developed a baseline of characteriscics,

!5* problems and deficiencies in the soldier/machine interfaces of existing systems.

if t This baseline provided a foundation for the second phase which comprised a
literature survey and preparation of a preliminary version of a design

' guidelines handbook.

e The object of the third phase was to evaluate the utility and usability

k: of the initial version of the handbook. Two battlefield automated system

f; developmental programs, each at a different stage within the Army acquisition

}j; process, served as test cases of evaluating the preliminary handbook. The

Py first, the Vehicle Integrated Defense System - Data Management System (VDIS-DMS)

$3 is under development at the US Army Tank and Automotive Command (TACOM). Its

ij purpose is to provide a data management/display system to coordinate the threat

N warning rensors, threat reaction devices and crew interaction sub-systems of

N tanks and other armored vehicles. The second is the Vetronics Program (also

ff: at TACOM) which has as its object the definition of the system architecture

-fE: required to support the total integration of armored vehicle electrical/electronic,

L informational and display systems and technolegy within the context of the

-{{ AirLand Battle 2000 concept. The results of these two evaluations are reported

SSE separately in ARI Research Note 84-28. These two application efforts provided

{5 the basis for refinement of the format and methodology for developing such

fﬁg guidelines. A summary of the project to develop design guidelines is reported

1§ in ARI Research Note 84-29, and the refinements have been incorporated into this

.::% ‘ latest version of the prototype for a handbook.

{gf Comments and suggestions are invited with regard to the format and language

tci \ of the handbook and the readability, understandability and/or value of this

!%- approach to guideline development for system developers, system designers,

‘igi human factors specialists and other potential user groups. Address any

-%ié comments to the Commander, Army Research Institute, ATTN: PERI-SF, 5001

s s

Eisenhower Avenue, Alexandria, VA 22333-5600.
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Background
The US Army is turning increasingly to the use of battlefield automated

systems to meet its anticipated mission requirements. More than 70 separate
automated systems for Corps area deployment are currently in a production,
development or concept definitién phase.

It has long been recognized that the development of complex systems must
take into account the characteristics of the expected users. Over the past
40 years an expanse of knowledge has accumulated on the relationships among
operator characteristics, system design and system performance. This infor-
mation, although widely scattered, provides a basis for developing guidelines
for human-computer interaction. Although this knowledge has been incorporated
into various system design handbooks and utilized in hardware design and develop-
ment, most efforts have focused on "human engineering" data, reflecting the
impact of physical characteristics of a piece of equipment on operator
performance. However, a major source of difficulty in designing effective
battlefield automated systems devolves from less tangible aspects of user- .
system relationships. Thus, critical questiom concerning user related character-
istics (such as query language, display format, data base structure, etc),
as well as issues of skill requirements and training, have remained unanswered.

In addition, it has been tacitly assumed that the advent of battlefield
automation would relieve the user/operators of some of their difficult tasks
and would thus reduce the number of personnel, if not the skill levels, required.
Unfortunately, as has often been the case in non-military applications, the
opposite result has been observed; effective exploitation of the complex
technology of automation requires even greater skill levels. This problem
has been compounded in the Army by the progressive mismatch between the level
and number of high skill positions required in automated systems and the human
resources available.

The skill/demund mismatch is due in part to the fact that the equipment/
procedural configuration of existing and projected systems have been devised
without coordination among proponents of different systems. As a result,
very little of the skill and know-how accrued from experience with one system
can be transferred to other systems. Many of the procedures ewployed
in the operation of various systems are basically similar. Yet from the

user's perspective, cach system {5 a new situation with very little carryover
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or transfer from previous e:.posure to other systems. While it may be too
early to establish absolute "standards" for many system parameters, a measure
of consistency would go a lon» way toward increasing effectiveness, reducing

personnel costs and making battlefield automated systems more approachable to
users and operators.

In the long run, effective utilization of battlefield automated systems
will depend largelyupon the availability of standardized procedures and tech-

niques for user-system transactions. Howe—=2y, the very nature of the material

g
‘s

iy
<

acquisition process of military systems makes such standardization difficult.
The constraints imposed by tight schedules and limited funds require the

project manager to concentrate on a system that succeeds in achieving certain

- = -
2t

physical specifications.. Concerns about interoperability with othecr systems,
5 total life cycle costs or other meta-system factors are secondary. This is

P particularly true with respect to those aspects of system design and operation
. that fall within the behavioral domain.

!‘ Features that impact the users of automated information processing systems
i; such as the data base structure, data entry method, display format, command/
& query language, terminology, error feedback and recovery procedures, helps/
prompts, etc., are determined by the particular configuration of hardware
(and accompanying software, if any) that meets certain costs and engineering
criteria. The extent to which the users' cognitive,imnemonic, perceptual

and other behavioral capacities #re unnecessarily burdened or stressed by
deficlencies in any of these features is considered peripherally, if not

all.

Part of the reason is the paucity of information that a concerned system
designer can use to (1) identify those features of a system that influence
user performance, and (2) obtain guidance as to how to incorporate (or avoid)
those features that will increase (or decrease) operator/user performance.
Notable exceptions are the sets of guidelines produced by Engel and Granda
(1975) and Smith and Aucella (1983).

o Objectives
L7 ‘
® One of the major aims of the present project was to devise a format

Pd
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w T
’

for recasting much of the previously generated human factors data into

o .
-

Tp 4y
Pl

a form that makes it more digestible to other members of the system

g
l"'t
&

design team.
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A second mssjor objective is to propound and promote the concept of
Behavioral Interoperability. Interoperability is pursved as a design goal
vith respect to cmulﬁnications. electrical characteristics, ptugs/connectors and
other physical attributes of information processing systems. It would appear
productive to extend the concept to the behavioral domain.,

To achieve behavioral interoperability it would be necessary to (1)
identify and describe in operational terms those aspects of human/computer
interfaces and interactions that are functionally similar; (2) create universal
"task modules" for executing common transactions (see Table A for examples)
as well as a body of recommended (standardized) interface design features and
operating procedures derived through the application of human factors concepts
and principles, or where necessary, cmpirical research; and (3) provide
guidelines to other system design specialists that are explicit (rather
than exhortatory) and are indexed and expressed in a form compatible with
their needs.

Table A: Examples of Human-Computer Transaction Types
1. Specify a file to work with
2. Display a file
3. Store a file
4. Delete a file
5. Copy a file
6. Create a new file
7. Sort a file
8. Add information to a file
¥. Define the format of output

Designing for behavioral interoperability betveen information processing
systeus would have two important benmefits. Firet, it would minimize the amount
of task-specific or equipment-specific training that a user would need to
interact with the system upon first encounter. Second, it would minimize the
skill level required to exercise the complex data processing capabilities of

the system by reducing the number and complexity of operator actions.

"'.,*‘" o ‘.?:' ».‘ 3! *J'.‘. ,\} .‘.-" :s‘ N
N T ,. .‘ _ ‘q . . Ve
' Pl Ay
i u~ u\. \)‘ .:\n:\.t_\ e




Procedure
As an initial step, data regarding 12 tactical information processing systems

were obtained via documentational analysis or interviews with authoritative
members of system design teams. Included in the survey were information pro-
cessing systems designed for intelligence applications (Army, Marine, Air Force),
command and control, artillery fire control and logistics.

> Battlefield automated systems have a large number of features that impact
on human performance. In order to concentrate limited resources and minimize
intrusion into the busy schedules of personnel from whom system data were
solicited, the survey was deliberately limited in scope. Eight "design features"

that significantly impact the soldier/machine interface and are common to all

battlefield automated systems were selected somewhat arbitrarily. They
represent a pragmatic collection of design feature categories requiring

priority attention rather than the elements of a comprehensive taxonomy of
soldier/machine interface issues.

For the sake of consistent exposition, the guidelines data associated with

o all of the design feature categories were assembled within a single, structured

- format. This format was designed to aid system developers and system engineers

:f in selecting appropriate design features for particular systems and, at the

F' same time, to increase the degree of behavioral interoperabilit:, between N

i: various systems. Accordingly, each set of guidelines was formulated in terms ?i?f

E; of the elements shown in Table 2. :f;?ﬁ
In developing the specific guidelines presented under the "Recommendations" ﬁﬁﬁé

' and "Advisory Comments" topics in each subsection, heavy use was made of L

&; material presented by Engel and Granda (1975), Ramsey, Atwood, and Kirshbaum

&i (1978), Ramsey and Atwood (1979), Smith (1979, 1980), and Williges and Williges

E? (1981), The majority of these guidelines were reworded or entirely rewritten

%% to achieve consistency of style in the handbook, to provide greater emphasis,

Y, to sharpen their focus on specific transaction types, to remove psychological
jargon, or to increase their clarity of expression. They were then distributed
according to the organizing framework in Table 1 and, in the case of "Advisory

Comments," according to the techniques described under "X.X.4 Methods."

= Many guideline areas in Table 1 are not addressed in the civilain or mil-
i“ p)

ot itary literature, or are addressed only generally or sparsely. For these

i:: areas, guidelines were developed on the basis of the knowledge and experience
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i; of the project staff. Guidelines for individual sections of the prototype
L handbook were prepared by different personnel and then reviewed by other

5 personnel. Differences of opinion were resolved through discussion.
Guidelines in this category comprise perhaps half the total vnlume of
o the prototype handbook. Such guidelines, of course, are as yet neither sup-
;‘% ported nor challenged by the results of research, and inevitably they reflect

" the collective prejudices of the project staff. Nonetheless, they reflect

A
4 k3
L

Cane gl o T R | Dy

*" application in human-computer interface development efforts on which project

'Kg personnel have worked. More importantly, they alsoc reflect solutions devised .
E:\"

Nk P e skt

for problems and deficiencies observed during the analytical activities of the

first phase. They are therefore believed to represent reasonable guidance for

.,
X
i

A the design of user-computer transactions with battlefield automated systems.

;}i? Those readers who wish to consult the literature survzy~d in preparation
. i%: for developing these guidelines will find a supplemental Bibliography at the
. end of this document. They would be well advised, however, to begin with the

e excellent review by Ramsey and Atwood (1978), and the monumental annotated

bibliography compiled by Ramsey, Atwood, and Kirshbaum (1978).

MY Sak TChicans
’) "3 & - i

UL A WP

(3

ot '
Py

Ut s B o

Vi

19
L Q)
15 E ~
L] L] -
o L
\ 5
o YOO o
Y -
o .
:t"’..- £
Y. Pe ‘ %
9. 5
J. % f: [
-
a -
W (v
] 1%
Y [
A ﬂ’f'
.
LY ,;:.

ey

*'»"
I Y

¢ Ny
AR
LN
. Yo % -
’
. ¥ ‘.
eVt

-
L]
. ,‘
.

.
L,
LA 3

e t.t

fON A e e ot
CAURU AN

L'y
£ K

5

L




Table 1. Organizing Framework for Guidelines and Criteria for this Document.

1.

2.

6.

7.

Control Mathods

1.1 Alphanumeric Control Methods
1.2 Graphics Control Methods
1.3 HELPS

Display Techniques
2.1 Alphanumeric Displays
2.2 Graphics Displays
2.3 Selective Highlighting
Data Entry and Handling
.1 Information on lLegal Entries

3.1
3.2 Unburdéning of Input
3.3 Interrypts and Work Recovery

Message Composition Aids

4.1 Alphanumeric Messages
4.2 Graphics Displays

Data Retrieval Assistance

5.1 Query Method
5.2 Query Structure

Symbology and Terminology
6.1 Symbols and Symbol Sets
6.2 Standard Texms

6.3 Abbreviations and Codes
6.4

6.5

Full Language
Glossaries

Error Handling

7.7 Breoy Peedback
7.2 Error Cotreciion/Becovery

Usec/Operator Configurations
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Table 2. Organization of the Topics in Each Subsection of the Guide-
lines and Criteria.

%
;

X.X.1 DEFINITION. Defines the category of guide-
lines and criteria covered in the subsection.

.z

iy

X.X.2 APPLICATIONS. Describes the situations to
which guidelines and criteria in the sub-
section apply. Examples are provided to

) illustrate the applications.

X.X.3 BENEFITS. Describes the ways in which utili-
D zation of the guidelines will enhance system
W performance. Descriptions of benefits, inter-
preted in terms of the specific system's
characteristics, can be translated into evalua-
tion criteria.

XA
LA

X.X.4 METHODS. Describes specific methods for
implementing the guidelines in the subsection.
Examples are provided liberally to clarify
each method.

=
10 ‘b".

R

3

D
"'0

P
a8 04

RECOMMENDATIONS. Contains specific guidelines
which apply across all methods in ths sub-
section. The first recommendation in each
subsection is a matrix of applications versus
methods, suggesting specific methods to use
for each application.

o
.

<
wn

L

k3
A R Gl M

0 M O

%

X.X.6 ADVISORY COMMENTS. Contains specific guide-
ey lines for each method in the subsection.
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F :
e Using This Handbook :
Y . |

i )
%]
‘i The reader consulting this prototype handbook about a particular issue in :.:
" .
L the design of the soldier-system interface will probably gain the greatest R
:;" utility by following these steps: t
b |
! 1. Check the Table of Contents to locate the major section that E&
.. appears most likely to contain the desired informatiom. f.
Ly b £
2. Read the first page of the section; it provides an overview J

,:' } of the section and briefly describes each subsection. E
’-'1 v 3. Turn to the subsection that appears tc be most appropriate ’-I
1 to the issue of concern. (Table 1 lists the sections and sub- 3:
! sections.) :
4, Read the DEFINITION of that subsection to ensure that it does E
J.: indeed contain the desired information (Table 2 lists the i':
) six topics in each subsection.) by
;n *u
W iy

\"“ S. Examine the APPLICATIONS and locate the une of greatest ]
{ interest. E
g:::' 6. Take a moment to read the BEMEFITS topic. It explains why :k
L guidelines in this subsection are useful in interface design. !
1 This topic also provides the basis for developing evaluation A
:Z',:‘. criteria, given information about specific system charactex- 31
istics. i

:'; 7. Read about the METHODS that are used to implement the varjous s}
i applications in the subsectiou. q
o ":
¥, 8. RECOMMENDATIONS provide guidelines that apply to all the metheds »
= described in the subsection. The first recommendation is a ?
" matrix sugyesting the preferred method to use for 2ach appli- g
AN cation. Check the matrix for the best methed for your ;-’
_‘;;*- particular application, then read the remaining recommendations ,:f
-~::', for general guidance. :
Y : it
3 9. Pinally, copsult the ADVISORY COMMBENTS regarding the selected i’f
L, method. These arxe recommendaticns focused on ecach specific &
::-;: . method, and they should aot be ignored in designing the soldier- B
I system interface. !
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SECTION 1. CONTROL METHODS

Guidelines in this category deal with methods for allowing users/opera-
tors to control the processes of the hardware and software components of the
system. The guidelines discuss what methods, or combinations of methods,
are most appropriate for given combinations of user types, hardware and
software characteristics, and envirommental factors. Three aspects of con-
trol methods are considered:

1. Alphanumeric Control Methods, characterized by a requirement

for the user/operator to learn and ajply a language which the
system "understands."

2. Graphics Control Methods, techniques employing imagery, sym-
bology, and pictorial representation by which users/operators
may define desired system operations.

3. HELPs, methods for presenting information and instruction to
the user/operator which "cue" system operation.
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1.1.2

1.1.2 APPLICATIONS FOR ALPHANUMERIC CONTROL METHODS

Alphanumeric control methods are used to control the operaticn of ADP

systems.
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1.1.3
1.1.3 BENEFITS OF ALPHANUMERIC CONTROL METHODS

Selection of a good dialog type will make it easier for the user/opera-

tor to indicate to the computer system what operations are to be performed.

T ot Pt

Y Use of alphanumeric commands as a form of system control will enhance over-

all system performance by:

'134 ) a. Reducing error rates, by minimizing:
.%E 1. Probability of exror in specification of command strings.
R 2. Errors associated with recall of éommands.
;fﬁ 3. Errors associated with carrying the command structure in
3 short-term memory after viewing HELP files.
;
:3 4. Entry of non-disambiguable command strings.
; %} 5. 1Inherent error rate of command interpretation.
'23 6. Errors due to fatigue on the part of users/operators.
5& b. Increasing throughput rates, by reducing time required to:
2 1. Enter commands.
. 2. Look up command meanings, content, and/or formats in
{% system reference documentation.
ok
: 3. Access command HELP files.
“: 4. Reenter invalid commands.
is 5. Reorient hands and eyes when using behaviorally
. %‘ conflicting command modes.

Reducing usexr/operator frustrations, by minimizing:

s
o

o

1. The necessity to refer to system documentation.

. 2. The amount of time spent envering default or sequence
continuation commands or characters.
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1.1.4

X

5

ol

1.1.4 METHODS FOR ENTERIMG ALPHANUMERIC CONTROLS

a. Question and answer dialog, in which the computer system asks
the user/operator specific questions. In the simplest form of
this type of dialog, the user/operator may respond only with

RS
o ZOF S » 2 A.“_.

"Y(ES)" or "N(O)." In more complex forms, the user/operator ¥
may be required to respond with a number or a code for a com-
mand.

b

e
b

b

4 ) .
DO YOU WISH TO RETRIEVE INFORMATION? --»

DO YOU WISH TO CREATE A NEW FILE?  --»
DO YOU WISK TO STORE INFORMATION? <>

it

|
{
!
|

 — J

b. Form filling, in which the user/operator fills out a form or
questionnaire presented at the terminal. The entries in the
"blanks" may be words, codes, numbers, or merely symbols (e.g.,
"checkmarks") to indicate that the user/operator wishes to per-
form the operation displayed on the screen.

r . 1
USER CODE NUMBER:_ _ _ _ _ _ . _~___TONMBER:__ ___ -
CHARGE CODE:_ _ _ - _ _ / _ _ DATA FILE DESIRED:_ _ _ _ _ _ o
ACTIVITY: STORAGE:_ RETRIEVAL:_ EDITING:__
OPTIONS:_

HARD COPY DESIRED? {(¥/N):__

, " > e o "\ R a " 3 L e - Pt i ol ot L IERL ST TN L
2 ! . " Y AN ¥ g . <, e,
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1.1.4

-

¢. Fixed function keys, in which the user/operator presses a special
¥ key on a terminal keyboard to indicate to the computer that a
&. particular operation should be performed. The keys are labeled
with the operations which the system is to perform.

v
Ll v
S
‘ﬂ
i)
» <
0
L
O.
° .)
&
N
AN
kY d. variable function keys, in which the user/operator presses a
:{ special key to indicate to the computer system that a partic-
o ular operation should be performed. A variable function key
N may perform different functions, depending on what kind of
activity the user/operator is performing. Usually the specific
> 5 effect of pressing a given variable function key is indicated
) by a brief menu presented on the terminal or on transparent
¢3 key label overlays or underlays.
N
ﬁ
s Uy
T KEY 1: STORE  KEY 2: RETRIEVE  KEY 3: EDIT
,' KEY 4: XMIT KEY §: VIEW QUEUE STORE
.
) RETRIEVE
'v EDIT
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1.1.4

Menu selection, in which the user/operator selec.ts a de¢sired
cormmand from a list of commands presinted on the display. The
user/operator then enters the code, word, or number associated

with that command.

r

THE AVAILABLE OPTIONS ARE

RE)TRIEVE DATA
ST)ORE DATA
ED)IT DATA
AD;D A FILE

O ) P —
S e e e e

DEJLETE A FILE

ENTER DESIRED OPTION -->

—

)

Light pen dialog, which is usually a special form of menu
dialog in which the user/operator touches a light pen to the
option that identifies the command which the user/operatox

desires.

r

THE AVAILABLE OPTIONS ARE

0 RETRIEVE DATA
O STORE DATA
[J EDIT DATA
O A0D A FILE
O orieTe 3

\




1.1.4

g. Cursor control dialog, which is usually a special form of
menu dialog, in which the user/operator positions the screen
cursor next to the desired command. The cursor may be moved
with any graphic positioning device. 1In the example below,
the user/operator is using a joystick.

f'—_——_—T

THE AVAILABLE OPTIONS ARE

O RETRIEVE DATA
{3 STORE DATA
O EDIT DATA
] ADD A FILE

'EEE GELETE A FILE
AN

|
g
Ei

h. User-initiated command language dialog, in which the user/
operator enters commands in response to a prompt symbol
appearing on the terminal. The prompt is typically brief,
so the user/operator must remember the command codes and
options and accuratel- type them at the terminal.

4 I

COMMAND? FILE:WRNG.DAT; /LI/FNT3

U G NP
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v
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K2 1.1.4

ﬁ&z i. Natural lanquage dialog, which typically is user-initiated

i command language, in which the designer attempts to make

1 the command language as much like standard English as pos-
. 1y .
'M sible.

X

o& COMMAND? PRINT THE FILE CALLED WRNG.DAT USING

R FORMAT NUMBER THREE

'.

- 3
g

v -"" &,
A e
—r' - s A

i 13, Sk

o

— —

& v Wlmd
a Pyl

e

j. Voice input, which is typically a form of user-initiated
command language, where the user/operator speaks commands
instead of typing them.
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1.1.5

1.1.5 RECOMMENDATIONS FOR ALPHANUMERIC CONTROL METHODS . ;-}33,-{‘
G
Selection of the dialog type depends on the nature of the system being }ﬁ;

developed and the characteristics of the expected users/operators of the sys-

tem. Some of the most important factors in making this decision are:

a. Sophistication of the users/operators.

1. HIGH level of sophistication means that users/operators
are very familiar with the system, its capabilities, and
the sequences of operations which the system will perform.
Users/operators with a HIGH level of sophistication will
have (a) received a substantial amount of training in sys-
tem operation or (b) had considerable eaperience in operat-
ing the system by the time they are called on to use it in
operational situations, or (¢} both of the above.

2. MEDIUM level of sophistication means that users/operators
are quite familiar with the most important capabilities
and commands of the system, but are not intimately
familiar with little-used system features. Users/operators
with a MEDIUM level of sophistication may have received
considerable training, but will not have used the system
enough to maintain their knowledge about all of the sys-
tem's capabilities.

3. LOW level of sophistication means that users/operators are
familiar only with the "big picture" of system operation.
They may be unfamiliar with the range of capabilities of
the system.

4. VARIABLE level of sophistication means that different users/
operators have different levels of sophistication in using
the system. Some may be very familiar with its features
and capabilities, while others will be aware of only the
most elementary or important features.

b. Number of Commands

1. VERY HIGH--more than 300 separate commands and command
options.

2. HIGH--151 to 300 separate commands and command options.

3. MEDIUM--51 to 150 separate commands and command options.

.V\
Y
13
i
S
[
o
s
.

. Ry

' 4. LOW-=-50 or fewer separate commands and command options. :}E
: el
' e e
5\' ¢. Number of times an average command will be used by a typical e
EIN user /operator in a given period of time. rd:
: Romsene

r
o
f

1. HIGH=--average command used 5 times per day or mora.
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A
,'!,‘ 2. MEDIUM--average command used twice per week or more but
,:v less than 5 times per day.
:"t ] 3. LOWw--average command used less than twice per week.
) : . : 14
‘t\ d. Computer-to-terminal data transmission rate.
A 1. HIGH--4800 baud (480 characters per second) or greater.
A
\I"
Xy 2. MEDIUM--1200 baud (120 characters per second) or greater, >
{: but less than 4800 baud (480 characters per second).
L4
i 3. LOW--less than 1200 baud (120 characters per second).
PN =
.. Table 1.1-1, Dialc_ ™'pe by System and System User Characteristics, pre-
‘:' gents a general list of rocommendations for selecting dialog types. Before
. making a final decision on dialog type, be sure to consult the advisory com-
1 ments for individual dialog types presented in the next section (Section
T A . .
ya 1.1.6, Advisory Corments for Alphanumeric Contract Methods).
K&
™ . . *
3R To use the table, first decide what system and system user characteris- :"{'
a . . . S . o
) tics apply to the situation you are considering. Eliminate any dialog types ::‘.F
A\ X
where a "4" appears as an entry. Select the best dialog type by comparing b‘
2 the remaining types in view of the type of system you are conceptualizing ovx '
'\: designing.
=y
B ."\‘ . N
X Table 1.1-1. Dialog Type by System and System User Characteristics
J
R
\
" Kev CURACTERISTIC OF SYSTEN b
Wy ' - RECOMMENDED SYSTEN OR SYSTEN USeR
; \ 2 - ACCERTABLE ubatyl A npwey of iy QpRt Gf rmire 3 iR
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1.1.6

1.1.6 ADVISORY COMMENTS FOR ALPHANUMERIC CONTROL METHODS

a, Question and answer dialog

1.

4.

1.

Use question ard answer dialogs only when the users/operators
are likely to be very unsophisticated in using system capa-
bilities.

Use question and answer dialog when the users/operators ars
required to provide only “YES" or "NO" answers to questions
generated by the computer systems.

Use question and answer dialogs when the user/operator is
required to enter information which cannot be placed on a
list or easily encoded (e.g., time other than current time;
number of troops).

When using question and answer dialogs, provide examples
of required command format and content whenever possible.

b. Porm filling

Use form filling when the user/operator is typing in commands
which have been written or typed previously on a hard copy
form.

When using form filling, provide a convenient means to can-
trol cursor movement from field-to-field as well as fram line-
to-line and character position~to-character position.

When the user/operator is using forn filling to enter com-
mands written or typed on hard =opy, make the imaye of the
form displayed on the CRT screen look as much like the haxd
copy form as possible.

Avoid uging form f£filling when the system must handle multi-
ple form types and the computer-to-terminal data transmissicon
rate is low. In this situation, it will take too long to
display theo different forms when the user/operator nust

shift from form-to-form.

c. FPixed function keys

O e B

S

]

o 1.
¢

4

L]

v

-

A% 2,
N

t‘:

: 3.

AN
ARACR CRSIT
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N LAl
’.‘»‘._’f.ﬁf*».- L9

Use accurately labeled fixed function keys when users/opera~
tors are likely to be very unsophisticated in the use of
conputer systems and the comand set is mmall.

tiroup fixed function keys by purpose, type of data involved,
ete.

If fixed function keys are enabled only at cezlain points
during system operations, and are disabled at other times,
provide a light behind each key which is ON when the key
16 enabled.
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1.1.6

d. Vvariable function keys

1, When a constant set of commands is available at all points
in system operation, place these cammands on the same variable
function keys throughout system operation. Note: from the

»
standpoint of the user, these became fixed function keys.
2. As much as possible, place command labels on, in, or beside
variable functicn keys rather than listing options in menu .
form on the display and numerically or alphanumerically :
encoding the function keys.
3.

Where long-term usage of a particular variable function key
configuraticn is likely, provide key caps or other labeling
overlays/underlays to differentiate varlable function keys.

Ry J0F g A SThich 8

4. Where different users/operators use the same terminal and
system for different purposes, provide each user/operator
with a set of overlays/underlays to designate the commands
associated with particular variable function keys for each
particular application.

"
2

T an,
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e. Menu selection

10

-
i

1. Use menu dialogs when the ¢ammand set is so large that usars/
operators are not likely to be able to cammit all cammands

¥

r
p

8

- to memory. El

: A
o5 2, Where there are logical relationships amorg commards, pre- E"*
T!:'»}‘ sent groups of menus in a sequence which is in accordance ;.:-

. O with those logical relationships. For example, where com- i‘.;
mands are hierarchical, arringe the menus in a sequence from %

general to specific cammand formulation.

Use menu dialogs where at least some of the users/operators

(A%
et

Y " S
oY may not be familiar with all of the functions of the systenm. .},j
R Xy
SO o . &N
3:'}:; 4. whore there is a wide differwnce in the sophistication of the o
Ny set Cf expected users/oporators, present menus of different
_'!'}.! lsvels of detail.
«"_*_: S. Wihere some of the usersfeperators are, or will become, very L I
{:E sophisticated in systen operation, provide a method for by-
:;". passing menu displays by stacking commards, i.e., entering i»,:
Wik a whole set of commands in anticipation of upcouming dis- b
{1‘5 plays. This recommondution is particularly important where ' >
: the dsta transmission rate available will require that the e
time to display the menu will exceed tu2 seconds. (Ses Wy
1
Figure 1.1-1.) ‘;33
O\
£. bLight pen dialog 3;.:
iy
1. tze a light pen dialog in systems where the users/operators E
are likely to be unfasiliar with ‘he comzands and functions )
g
of the systen. o
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When using a light pen dialog, make certain that the "targets" £
for the light pen are at least 1/4" square. W

3. If the user/operator is to use the light pen for more than
1/4 hour continuously, place the display screen in a hori-

zontal or nearly horizontal position so that the user/opera-
tor does not tire.

4. If the user/operator must make light pen transactions more
frequently than one every five minutes, place the display
screen in a horizontal or nearly horizontal position so
that the user/operator does not tire.

5. Avoid using light pen dialogs where the users/operators of

: Q;h the system will be highly sophisticated in system functions
.é#i and operations.
At
gﬁ@ g. Cursor control dialog
PN

1. Use a cursor control dialog when conceptualizing or design=-
ing systems which have interactive graphics as their primary
purpose, but which must use alphanumeric menu presentation
in some processing steps.

g

3
A

‘
't{::;:r

>
"

H

2. Avoid using a cursor control dialog when the users/operators
of the system will have no need to control the position of
the cursor on the CRT screen other than to select items from

S an alphanumeric command menu or list.

BN

?;?. 3. Use the same method for the cursor control dialog as is used
- for graphics interaction.

«iKE

f.)" 4. When using a cursor control dialog, make the "target" for the

i cursor at least 10 times the size of the positioning accuracy

e " required for interactive graphics or 1/4" square, whichever

s, is smaller

':ﬁi 5. Provide feedback to the user/operator on which "target" has

;:gw been selected by tie cursor control dialogs. Making the
TN selected target brighter is the preferred method. (See

4 %Q Section 2.3, Selective Highlighting.)

T,

;Jrzf h. User-initiated command language

1. Use user~initiated command language when sophisticated users

are working with a system having a large number of capabili=-
ties.

2. Before committing to command language dialog, be sure to
check the implications of command language code structure
and syntax presented in the discussion of alphanumeric for-
mats for message composition aids presented in Section 4.1.
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i
)
w i. Natural language dialog
" 1. Use natural language dialog where unsophisticated users/
.Q cperators must use a system with a moderate number of com-
Nb mands.,
- 2. Use natural language dialogs when the set of commands can
'Sj be made to reflect usage of common English language terms.
A
" ¢ 3. Where some sophisticated users will use a system with nat-
R ural language dialog, provide for command codes and abbre=-
N viations as an option to natural language interaction.
o j. Voice Input
"
P
o 1. Use voice inputs where the user's/operator's hands and eyes
f{ are already being used extensively in other system operations.
) For example, voice inputs might be useful in an interactive
g- graphics system.

2. Limit the use of voice input to situations where the armbient
noise level is less than 90 dBA.
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1.2.1 &

1.2 Graphics Control Methods

1.2.1 DEFINITION

Graphics control methods are techniques used to specify, alter, define,
or otherwise stipulate the appearance of graphics displays. These displays

may be either hard copy (as on a plotter or printer/plotter) or generated on

a graphics terminal.

0
vt

»
.

l.2-1

P LS

»

e

>

'c'v! Y

W ’o1$ S0 RN s e ey
A ~ d el
‘;:-',‘-’ n&‘ .‘k '.& - 41«

:\'.'}("-" :;;"J.““' oy

SR

' §,



1.2.2

1.2.2 APPLICATIONS FOR GRAPHICS CONTROL METHODS

a. Selecting or specifying graphics commands. In this application,
the user or operator indicates to the computer system what graphics
functions he/she wishes to perform. Graphics functions include:
adding symbols to the display, moving symbols on the display,
deleting symbols fram the display, etc.

EXAMPLE: 1In an artillery fire control system, the CRT display
shows the position of targets by "overlaying" them on a map of

the battlefield area. The user/operator has received informa-
tion that one of the targets has been destroyed, so he/she wishes
to delete the svmbol which depicts that target. Tc do this, the
user/operator presses a fixed function key marked "SYMBOL DELETE,"
touches a light pen to the symbol to be deleted, and presses the
"execute" button on the light pen. :
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1.2.2

Sketching or drawing lines on the display. The user or operator
uses a graphics control device to sketch lines on the display.

In many ways, this is similar to using a piece of chalk to draw
on a blackboard.

EXAMPLE: In a command and control system, the operator of a
battalion-level component of the system can send graphics displays
to division and higher echelons. The division commander requests
information on the routes which enemy forces are expected to take
to engage the battalion. The battalion commander has the system
operator call up a display of the battlefield area. He/she then
uses a light pen to sketch the most probable routes of the enemy's

advance. The operator sends the altered digplay to the division-
level component of the system.
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3 1.2.2

e ¢. Following detailed lines from hard copy. Some ;:formation which
d a user or operator may wish to place on a graphics display is

¥ available only in the form of maps or charts., To place this type
i of information (roads, contour lines, railroa?:, etc.) onto the

graphics display, the user/operator must essentially "trace" the

lines from the hard copy. In some applications very accurate

"tracing" may be required.

EXMMPLE: While working on an intelligence system, the user/

operator receives a chart showing the locction of a new rail-
road spur. This information is to be added to the map data

base of the intelligence system. The user/operator tapes the
chart to a digitizing tablet, registers the chart to the cor-
responding map in the intelligence map data base, and follows
the route of the new railroad spur with digitizing cursor on
the digitizing tablet. The railroad route is transferred to

the CRT map image.

5“%

4
& ' )
) ,\ * e ——
o i \?C
- =
A I ,ggj
o i
N H
. 4 ]
. ~'\§'.‘A ::]
) —

L%
oy
i
f’s
o

Ssdve cSOOaQt voeaesoeow sERae

[ W‘}ﬂn
SSSEEiRERe @y

rn,,r
hi

T




e . o2

¥

X
ST =y
3‘ ...:":-

A G

i

Pl 3D

il
=

L

et

L.
=
™

hat

d.

Placing and moving symbols on the display. In many types of
graphics displays, the user or operator is required to alter
the display by placing new symbols on it, moving existing
symbols, or deleting existing symbols.

EXAMPLE: In a command and control system, the user/operator
receives messages from field commanders describing in general
the position of the Army units which he commands. Exact coor=-
dinates are not given. The user/operator interprets these
messages, retrieves a digital version of a chart which cor-
responds to the position of the units, and moves the units to
a new chart position using a trackball.
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e. Selecting display parameters. In some graphics applications,
the user/operator will decide that only a certain class of
symbols be presented on a display. The user/operator must
therefore have the capability to indicate what information

" he/she wishes to be displayed.

v EXAMPLE: In a logistics/supply system, the user wishes to
review the history of stocks of equipment types. The user
A enters the equipment type code, and the system displays the
3:‘ percentage of authorized stock levels over the last 12 months.
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f. Orienting symbols. In some graphics systems, the orientation (or
directicn of pointing) of symbols may be important, regardless of
the position of the symbol on the display. The user or operator
must have the capability for specifying this orientation.

EXAMPIE: An artillery unit has shifted its firing orientation
from B5° to 47°. The user of an artillery fire planning system
wishes to change the indicated orientation of that unit so
that displays including the artillery unit show the current
€ orientation. The user changes the value for orientation of the

artillery unit by entering a command which changes the orienta-
tion value from 85° to 47°.
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1.2.3 BENEFITS FOR GRAPHICS CONTROL METHODS

k ¢
-

Graphics control methods should enable users/operators to quickly and

3
L)
3

@
>

easily specify and/oyr modify the contents of the displays which they are

using. Appropriate selection of graphics control methods can have the follow-
ing benefits:

a. Reduced time to alter the displays to conform to the require-
ments of a particular battlefield situation.

i b. Reduced errors in selecting symbols or specifying the kinds of
2 symbols which are to be included in the display.

AR
% c. Reduced operator fatigue, which could result from using graphics

h)

T

§ control methods which are ill-suited to the physical and/ocxr behav-
L' ioral characteristics of the users/operators.

24
A_!L

s
——
AP
v
SN

4

o
»

. s

PGP
e

1.2-8

g T U S SN
WA et .“"_-_t» ‘&‘,:“l:’_k‘n'><'~wo\~~.-.-.»'. -

AN ‘.. S “_ ‘.. ‘.‘ .“.' .\"‘\"\’.-:..q". Ok ‘; _.', k‘ .}p.‘“:::-.{“;‘?{‘, -’. cEE e -v,.
. . e L . AR . P v e - -,
AR B I AR R LR R SO A AT A N e ‘°.'“ et
. e ERCARTEA NG RIS RN IR NS SR LA Y4 S VRN
- SN ; N TR N

- .. .

-

-
-

!

£ %"?' *




X3

o o e o AL
-
:
[{%]
.
F-S

N 1.2.4 METHODS FOR GRAPHICS CONTROL METHODS
:: &. Alphanumeric interaction dialog. The appearance, placement,
~;\' . and movement of graphics symbols on a display can be controlled
e by the types of alphanumeric dialog discussed in Section 1.1,
Alphanumeric Control Methods.
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l1.2.4
- N
}‘? b. Ligh pen/light gun. The user/operator peints the light gun »
'R .}j to the desired command or symbol, and "drags" symbols around
4!‘ on the display to create the desired graphic image.
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1.2.4

! ¢. Mouse. The user/operator pushes a small wheeled Jdavice, a “"mouse,"
! around on a flat surface. The direction of motion of the device

is transmitted to the display, where a screen cursor indicates
the relative position of the "mo-se.®
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d. Trackball. The user/ope-ator rotates tne top surface of a ball

! which is partially buried in the surface of the keyboard panel

'\ for in a separate trackball case). The direction of motion of

% the screen cursor is de~ermined by the direction in which the R

N top of the ball is moved. ‘The speed of motion of the screen tﬁé&

%, - —" . A ]

- cursor is determired by th2 rate of rotation of the ball. EE%:
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e. Joystick. The user/operator moves a vertical lever or "stick"
which is implanted in the top surface of the keyboard panel
{or in a separate joystick case). Most joysticks are mechani-
cally configured. They resemble a rod stuck into a ball which
has been bored in the top of the keyboard cover, and they move
smoothly throughout the cone of xotation.

—— o
- -
Pl ~ -

’- \

: y ——— Joystick

- Keyboard Cover
or Plate

1. Direct positioning joystick. With this type of joystick,
the cursor moves in the direction of the movement of the
joystick. The speed of cursor movement is determined by
the speed with which the joystick is moved. The distance
to which the cursor moves is dependent upon the extent
of displacement of the cursor, i.e., the angle of the
cursor relative to the plate in which it rests.

JOYSTICK AT TOP
DEAD CENTER @ 4] SCREEN CURSOR CEMTERED
ON THE DISPLAY SCREEN

JOYSTICK DISPLACED ALL
THE WAY AWAY FROM
THE USER/OPERATOR
JOYSTICK DISPLACED HALFWAY SCRE
TOWARD THE LIMIT OF ITS 0 e o Do

i} ]
[ SCREEN CURSOR AT CENTER OF
TOP OF DISPLAY SCREEN

S”REEN IN THE “4:30 0'CLOCK"

DISPLACEHENT TN THE. "4 HALFWAY TO EDGE OF DISPLAY
0'CLOCK" DIRECTION (135¢) U DIRECTION (135°)
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5 2. Relative positioning joystick. In this configuration, the
! cursor also moves in the direction of the movement of the
J joystick. But, the speed of cursor movement is dependent
3 upon the extent of displacement of the joystick (i.e., its
} angle relative to the plate) rather than joystick movement
) and the cursor continues to move across the screen in the
given direction as long as the joystick is displaced.
Thus, in this instance, the distance the cursor moves is

. dependent upon the combination of time and extent of joy-
stick displacement.

~ ™)
) SCREEN CURSOR IN
"JOYSTICK IN TOP DEAD CENTER OF SCREEN,

CENTER POSITION Ny NOT MOVING

SLOW CURSOR MOVEMENT 4 )
AFTER 1 SECOND

- JOYSTICK DISPLATED HALFWAY g SCREEN CURSOR AT 6 0'CLOCK
TONARD 6 O'CLOCK POSITION ) FROM SCREEN CENTER, 1/8 OF
(180°)

" THE WAY TOWARD THE EDGE

j A

AFTER 2 SECONDS
f SCREEN CURSOR AT 6 0'CLOCK
R g FROM SCREEN CENTER, 2/8 OF
e THE WAY TOMWARD THE EDGE

I J

5e

_ 5; !

§:

f” AFTER 2 SECONDS

] SCREEN CURSOR AT 6 0*CLOCK

WER § FROM SCREEN CENTER, 3/8 OF

,fl THE WAY TOMARD THE EDGE
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. < ™\
FAST CURSOR MOVEMENT AFTER 1 SECOND

i SCREEN CURSOR AT 6 0'CLOCK

; A s FROM SCREEN CENTER, 1/4 OF

. JOYSTICK DISPLACED FULLY THE WAY TOWARD THE EDGE s

TOHARD 6 0'CLOCK DESTINA- L

TION {180%) o’
.\
A
% 4 ) AFTER 2 SECONDS *

SCREEN CURSOR AT 6 0'CLOCK
FROM SCREEN CENTER, 2/4 OF
§ THE WAY TOWARD THE EDGE

. __/
( ) AFTER 8 S8ECONDS
v SCREEN CUSSOR AT 6 0'CLOCK
s g FROM SCREEN CENTER, 3/4 QF
: E THE WAY TOWARD THE EDGE
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Y 1.2.4

5:, 3. Stepping or detent joystick. Displacement of the joystick
o from its top dead center position results in a constant

s% rate of motion of the screen cursor until a particular

A% angular rate of displacement is reached. 1In the second
';f‘ . zone, the screen cursor moves faster than in the first;

LI

in the third zone faster yet, etc. Usually, moving from
one zone to a faster one requires an increase in force on

" the joystick lever. This assures that the user/operator
% will know that the rate of cursor movement is changing.
SN There are ordinarily three "zones" in this type of joy-

stick implementation.

ZONE 3: 1.9 IN/SEC
Z0NE 2: 9.5 IN/SEC
ZONE 1: .1 IN/SEC
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l1.2.4

4. Priezoelectric or strain gauge joystick. In this configura-
tion the joystick lever is not movable. The direction of
movement of the screen cursor is determined by the direction
of the pressure on the lever. The speed of movement is
determined by the amount of pressure applied.

4 )
[
3 0z. FORCE DIRECTED o SCREEN CURSOR MOVES
® AT 1:30 0'CLOCK (45°) D)( AT 45° TOWARD EDGE
3 OF SCREEN AT .5 IN./
SEC.
_ )

SEERET

K

&
S5 (
i1
- T SCREEN CURSOR MOVES
- ® AT 180° TOMARD EDGE
-f ¥ OF SCREEN AT 2.0 IN./
' ﬁ SEC.
9
x \— J
T4
e. NOTE: Both stepping and piezoelectric joysticks are
5% implemented only as relative positioning graphics
interaction devices.
’I '}
.- ’\
fLe |
. ! B J K
4 '?f‘:::!.}
h TLES
3 . P.‘J,‘.‘x‘,’
¥ hREA
13 e
i ¢ ‘:-.';“_‘:
" ) . ]
. -:i L‘\'E\b.
' &._ A
LAY

Ch

i

S
s
ot o et il
-«‘ 1 .r'iﬂ

1.2-16

‘ﬂ. s . . S350 ER SISO A A A et - o Y "'..
‘:’ *‘n}\“ }
{~1¢:3?:-s ST A




l.2.4

f. Digitizing pad/tablet. The user/operator places a digitizing
device on the surface of a position-sensing grid. The positions
on the grid are directly related to the positions on the display
screen. By placing the digitizing device at a particular point
on the grid, the user/operator can cause the screen cursor to
move to the analegous position. The digitizing device may be
a stylus.

:: WE eosat? SINCEEN seee SBNTNEN

fF SRR geisascd:

Or, the device may be a cross-hair digitizing cursor.
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%
A
PN
" g. Cursor control keys. The user/operator controls the movement of
'}‘ the screen cursor by pressing fixed function keys labeled with
) ,¢ the dirention in which the cursor will move. Cursor control
3% keypads may appear in a number of configurations:
RO
. A

N/ } 5y )

MM =

™ AL 2] Y

The screen cursor may move one increment in the indicated direc-
tion each time a cursor control key is pressed,

- ,

1 press
2 presses

; soses [

o

=

U',.b

-— HOME
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Or, the screen cursor may continue to move as long as the key is
being pressed.

—— 2 $ecC.

4 sec.

= 6 sec.

D o= r=v" r-y
m—et  femny bemet
bod [ | [P

Touch sensitive display. The user/operator touches a finger
to the display to control the activity of the screen cursor

or to indicate a symbol. This method is very much like light
pen/light gun interaction, except that it does not require the
extra light pen hardware.

r )
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1.2.4

. Keyboard coordinate entry. The user/operater types in the

[N

coordinates of the item/phenomenon with which he/she wishes
to work.

ENTER COORDINATES OF ITEM OF INTEREST IN UTM OR
LAT/LON -->

oo a ' o Teoacacn -
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Y= —?es'e‘:%'v%’zi%gg@ \

1.2-20

L]

'S
¢ 4
‘:“x =

vy

..’

; i
gt ML

|

*.

oW e
DR
e et e o
PRET A S S

T hpryd, - n”
"" .‘;’" ' -
.’y
AR DIV N

.,.
" .

M

.
3, 4
PR P I

Ty
LR
..

o 28]
MRS

S

o -
h B

'.

-~

-
2
A

8, -3,
».g::f;. -

ey

¥

¥

-

»
L 2

v ..
iy

b, 0 &
4
P v

- r
v
[N

11

AR

l:"'."
e
Fet
LA

I

“
A
ottt

el
{ 3N

o':r"r‘v'
[ R]
'
v

R
p
1Y

.



1.2.4

j. Scanner/digitizer. In this type of interaction, the user/opera-
tor works with a digitizing pad, tablet, or table which is linked
to a "flying spot scanner” (FSS). The FSS is registered to the
same hard copy which is placed on the digitizing hardware. The
scanner tracks the placement of the digitizing device, reducing
the requirement for the user/operator to follow a line precisely.

SCANNER FOLLOMS LINE
ACCURATELY

“UPDATLD OR DIGITIAED
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1.2.5

1.2.5 RECOMMENDATIONS FOR GRAPHICS CONTROL METHODS

The selection of graphics control methods for a given system application
is heavily dependent on the specific characteristics of the application.
Table 1.2-1 suggests the application/method combinations which may, in a
given set of circumstances, be optimal. To check on specific applications,
refer to the recommendations in the remainder of this section presented for

the applicable graphics control methods identified in the matrix.

Table 1.2-1. Methods of Graphics Control by Application
Being Considered

APPLICATION
2
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E28lsea |3 |gec| 833 22
Cx2 3¢ own - 53y ta3
288|537 | 38:| 855 | 35| =8
85| 335 {258 3= | #38| &%
p— .
ALPHANUMERIC COMMAND ENTRY TECHNIQUES . ' .
LIGHT PENZLIGHT GUN [ ] [} [ ] [ ] [ ]
HOUSE . ’ Ny ' ¢ .
TRACKBALL ’ ' . . .
JOrSTICK . s ' } '
o
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1.2.5

a. Selecting or specifying graphics commands. The appropriateness
of particular graphics control methods for selecting or specify-
ing graphics cormands depends on at least the following factors:

1. The number of commands which are available for use by the «
user or operator. Some methods are very convenient when
there are only a few commands required, but become unwieldy
when there are large numbers of commands.

2. The availability of multiple screen displays, which can
determine whether presentation of graphics command options
will require that the "working" graphics display be replaced
by a listing of the available cowmand options.

3. The rate at which commands will be used in a typical applica-
tion.

4. The complexity of commands, in texms of whethe:r only the
command is required, or whether a parameter or set of para-
meters must accompany the command.

Recommendations for using graphics control methcds for selecting
or specifying gravhics commands are presented in Table 1.2-2.

Table l.2-2. General Recommendations for Graphics Control
Methods for Selecting and Specifying Graphic

Commands
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Sketching or drawing lines on the display. The following factors
affect the decision of what graphics control method to use for x
sketching or drawing lines on the graphics display: R

-~
4
T

,,
3

3

v

(] ‘:l‘: » 3

) 1. The line placement accuracy, or how far any given line seg-
. ment may deviate from the position desired or indicated by . .
i ]

y the user or operator. Ly

h 3y
? ; ; » *'.i
' 2. The required drawing speed, or how fast the us>r should be R5 oI

1§ able to draw the lines on the display.

T

~
Dyt det:
S'._‘:‘i

recommendations fcr ''sing graphics control methods for sketching
or drawing lines on the display are presented in Table 1.2-3.

s
2
and,

Table 1.2-3. Recommendations for Using Graphics Control Methods
for Sketching or Drawing Lines on the Display
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l.2.5

¢. Tracing detailed lines or points from hard copy. Selection
of the best graphics control method for tracing detailed lines '
or points from hard copy materials requires consideration of
the following factors:

1. The line/symbol placement accuracy roquired in the partic-
ular application.

2, The amount of clutter on the hard copy, i.e., the relative

amount of undesired lines and symbols on the hard copy as N
compared to the number or amount of desired lines or sym- ‘
bols,

3. The type of digitization required. 1In general, stream
digitization will be used when the user wishes to trace
the route of some item from the hard copy display, e.q.,
river, road, railroad, political boundary. Point digi-
tization will be used to indicate the position of figures
and symbols on the hard copy.

TR

Recommendations for using graphics control methods for tracing
detailed lines or points from hard copy are presented in Table

-
P S

1.2~4. h
g‘}.

Table 1.2-4. Recommendations for Using Graphics Control Methods i"
for Trecing Detailed Lines or Points from Hard Copy £‘€

i
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d. Placing, moving, indicating, and deleting symbols. The considera-
tions involved in placing, moving, indicating, and deleting sym-
bols on a graphics display include:

e -,

L 4
1. Line/symbol placement accuracy requirements of the particular
7 application.
1
N 2. The required speed for symbol manipulation.
) % 3. The rationale for symbol placement, i.e., whetber the
J final location of the symbol to be placed or woved is
at the discretion of the user or operator, or whether
" its location has been or can be specified by the use
M of georeference coordinates.
g f Recommendations for using graphics control methods for placing,
) moving, indicating, and deleting symbclis are presented in Table
1.2-5.

2 Table 1.2-5. Recommendations for Graphics Control Methods for
3 Placing, Moving, Indicating, and Deleting Symbols
X from a Graphics Display
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1.2.5

e. Selecting display parameters. Selection of the best graphics
control method for selecting display parameters involves con- i
sideration of at least the following factors:

1. The number of parameters which are available. *

2. The availability of multiple-screen displays.

3. The rate at which parameters are to ke selected.

Recommendations for using graphics control methods for selecting
dispiay parameters are presented in Table 1.2-6.

Table 1.2-6. Recommendations for Graphics Control Methods
for Selecting bisplay Parameters
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