¢ COPY

L

e Fi

ADA13845%7

Regearch MNote 84-29

DEVELOPMENT OI' DESICN GUIDELINES FOR USER/OPERATOR TRANSACTIONS
WI1TH BATTLEFTELD AUTOMATED SYSTEMS: EXECUTIVE SUMMARY

Synectics Corporation

Raymond ¢. Sidorsky, Contracting Officer's Representative

Submitted by

Franklin L. Moses, Chief
BATTLEFIELD INFORMATION SYSTEMS TECHNICAL AREA

and

Jerrold M. Levine, Director
SYSTEMS RESEARCH LABORATORY

DTIC

G ELECTE]

Best Available Co@ﬁiﬂ

U. S. Army

Research Institute for the Behavioral and Social Sciences

January 1984

Aoorovea'orpubucveunse;dutﬂbuﬁon unlimited.

This report, as submitted by the contractor,
{DTIC) to comply with regulatory requirements,
and will be available only through DTIC or other re
Service (NTIS). Tha vicws, opinions, and/or findings contained in t
should not be construed as an official epartmerii of the Army position, policy,

has been cleared for release to Defense Technical Information Center
it has been piven no primary distribution other than to nmic
ference services such as the Nationa!l Technicai Information
his report are those of the author(s} and

or decision, unless so designated

by other officisl documentation.

(=
%’ MAR O 1 1954 js

3

Y

RA  no o0 A



= REZOR RENTATION P RUE? Sl
47, TPORT : e s,
; L L) P S i |3 GOVT ‘ACCESSION NOJ 3. RECIPIENT/S CATALOC WUMBER
it ¥ _Research Note g4_sg D- A3 PYSH ' ~
< A, X i =
ITLE (and Subtitfe) . o ] . . 3. TYPE OF REPORT &4 PERIOD covenep

[ DLVELOPMENT OF DESIGN GUIDRLINSS FOR USER/OPERATOR | Resyfskh Note
TRANSACTIONS WITH. BATTLWFISLD AUTOMATSD SYSTEMS: .- | November 1979-December 1083

g ECUTIVE SUMMARY D 6. PERFORMING ONG. REFORT NUMBER .
.7'— AUTHOR(s) & 8. CONTAACT OR GRANT NUMBENR(s)
— 3 ' MDA903-80-C-0096
i MDA903-82-C-0245
. ]9 PERFORMING ORGANIZATION NAME AND ADDRESS . W, PROGRAM ELEMEWT, PROJECT, TASK
PR ’ AREA & WORK UNIT NUMBERS
PPNE Synectics Corporation .
10400 Eaton Place ; 2Q263744A793 :
Fairfax, VA 22303—
J: CONTROLLING OFF|CE NAME AND ADDRF<S 2. REPORT DATE
’ US Army Research Institute for the January 1984 .
e Behavioral and Social Sciences 13, NUMBER OF PAGES i
: 5001 Eisenhower Ave., Alexandria VA 72317 .18
. —5 HONUO&:’W&E AGENCY NAME & ADDRESS(! dlfferent lrom Controlling Oflice) | 18, SECURITY CLASS, (of thie report)
. - - - . S - LR g
— LT : : ‘ Unclassified '
‘| 184, DECLASSIFICATION/DOWNGRADING
SCHEDULE .

1.

*e L. r, _ y ,
;’:.‘# r— :D|§YRI>DUTION STATEMENT (of tﬂlg Report)

R

R Approved for 2pi:bli'c: rélease; distribution unlimited

12, OISTRIBUTION STATEMENT (0f the sbsirect entered in Block 20, I difterant froon Report)

f . P
Voo
L4 . t

~.
F s s'ugru:u:u'rmvv NOTES . :
oy i :
~ ) .
|
(A Kl'r ;'D!.IDS (Cantinve on reverse side 1l not;onqy and (Senilly by bloek mumber)
' Battlefield automated systems Human-computer interaction
Design guidelines ‘. . Design criteria
r-FMh?tiona; standardization * User/operator transactions
RN I A : T . Soldier-machine interface
- . i I . . . ‘. . " -
g‘: ’ ABSTRACT (Cavtious em reverss ofdn If necwewvary sad idendify by Mock number) N
’ 'hig ‘document 1s an-execytive summazy of & project to devealop cdesign guidelines
for achieving more effective user transactions with battlzfielo automated systems
A methodologv that has proved useful in deriving guidelines for higher order
f~asp:cts of human-computer intaractioh is described. The method is based on a
comparative analysis of common or universal transactions associated with
1. existing data processing systems. The methodology, conceptual’ framework and
'~format of the guidelines developed during the course of this project appear ' to
provide a productive approach to improving the prociss of “technological fransfe
. i .
' FORM - .
| D i 14T3  coimow orF t wov.es 1s oesoLeTE UNCLASSIFIED
v : SECURITY CLASSIFICATION OF THIS PAGE ("hwn Deta Entered)

g A
A
b -

.........




il B -
s \\\ - :
‘- ‘7; . UNCLASS IFIED - , : . L

s
e

N
Rd.
A
i
&

‘Jof data from human factors researchers to other mambers of system gesign teams
invelved in the design and development of bartl@field automated systems. In
addition, the- -concept of Behavioral Interoperability is propounded and discusses
Interoperability is recognized as an important design goal with respect to
various ‘physical/mechan’ 2l components of automat.ad systems... The work here
demonstrates that the concept can be productively ext =nded to the behavioral’
domain. .
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253 o The Battlefield Information Systems Technical Area of the Army Research
O Institute (ARI) is concerned with helping users and operators cope with the
é}ﬁ ;} ever increasing complexity of the battlefield automated systems by which they
oty 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 prcblems
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.
LA
ia { An area of special concern in user-oriented systems is the improvement
5% e of the user-machine interface. Lacking consistent design principles, current
*ﬁ practice results in a fragmented and unsystematic approach to system design,

especially where the user/operator-system interaction is concerned. Despite
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
i y set of human factors guidelines and evaluation criteria for the design of
E?? 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 gystem development to select the
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:;a design features and operating procedures of the human-computer interface
:xJ F} which best match the requirements and capabilities of anticipated users/
'z‘ D operators.

Research in the area of user-oriented systems is conducted as an in-house
. effort augmented through contracts with uniquely qualified organizations. The
Wl 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 responsive to requirements of Army Project 2Q0263744A793, Human Performance
Effectiveness and Simulation, and to special requirements of the US Army
Combined Arms Combat Developments Activity (CACDA), Fort Leavenworth, Kansas.
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v managers,andwdevelopers.

literazture related to user/operator transactions with auto-

--fheé literature, they were rewordedes necessary for consistency

‘catiobris’ were made to the guidelines:and they were repiblished.

‘ of system design teams of pattlefield auvtomated systems. The

DEVELOBME e RT SR o sanddiate
TRANSACTIONS WITH BATTLEFIELD AUTOMATED SYSTEMS -

BRIEF | .

Requireméﬁt:

for aTo devglpp a methodology-th;t:ptgvides a framework and format,
oF, comprehensive set.qf“humaQ"factors guidelines for the : '
esign of user .transactions with‘pattlefield-adtomatedjsystems.

for use by human factors specialists’ and system proponents, B,

Procedure:. .. - e L e
To meet -the requiq&gﬁg@ stated zbove, a ‘three phase research
program was initiated. hase. I was-devoted to defining human
LactorglrequirementS'for battlefield automated sSystems and’
establishing a framework within which guidelires could be
organized, ; In Phase II, the techrical data base was further
developed through search of the military and civilian %

mated data précessing‘systems'ahd'é'prbtotype‘handbook of
guidelines was-developed. : When gujdelines were available-in
o< expression and/or modified to conform to the newly estab-
lished framework. 'Otherfgﬁiaélinééﬁﬁefe written on the basis
of project staff'experiencé,'Mbdulatéd.by_the results of fhie -
analytic activities during Phase I. T e

During Phase III, thé'btoVisidhal guidelines were applied to .|
the soldier/machine,interfacés'of ﬁWO'battlefield automated system
developmental: programs, each at a different stage of development.
These application efforts: provided the basis for refinement of the .:
format and methodology ior'dévelopiqg;such-guidélineé. Modifi-

’-:'_. A "' &

Findings HE

Guidelines: in the literature were. plentiful in the areas

of data entry and error handling. There wag 2iso substantial
information on -coding and -display formats. ‘For other topics,
1ittle or no information was available: Thus, approximately half
of the guidelines were written by the project staff. ‘ °

Utilization of Findings: ' . - L e .

‘Thé.methoaoloQQ,'conceptpal £ramework and format of the guiﬂe; 
lines developed in the course of this:project.appear to provide 2
productive approach to inproving the'process of "technological.——lu
transfer" of data from human factoers researthers to other members

development of an officially sanctioned set of guidelines will ;
reguire interaction and coordination between, many Army .agencies. -
This handbook will provide a stimulus for such interaction. In thej
meantime;. judicious application of these uidelines will improve
the -effectiveness of the soldier/machine interface of future systems
and will promote. the behavioral interoperability of these,

systems, i.e., {ncrease the degree to which skills and know-

ledge can be transferred from onesystem toO another.
v '
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SECTION 1. EXECUTIVE SUMMARY

THE PROBLEM: BATTLEFIELD AUTOMATED SYSTEMS

Decreasing soldier population

Decreasing skill levels

Increasing data processing requirements
Increasing data processing sophistication
Emerging technologies

SOLDIER-MACHINE INTERFACE (SMI) USER/OPERATOR REQUIREMENTS
Reduce error rates

- Unburden input
- Reduce memory load
- Simplify procedures

Reduce system throughput time

- Reduce correction requirements
- Reduce off-line references
- Decrease number of transaction steps

Increase user/operator acceptance

- Reduce frustration
~ Facilitate quicker results
~ Reduce effort per transaction

THE SOLUTION

Three phase effort

Guidance to designers

Design to human capabilities, not equipment capabilities
Comprehensive <e* of design guidelines and criteria

OBJECTIVES

Reduce training requirements

Enhance human performance in battlefield automated systems
Kuman factors technology available to system proponents,
designers

Performance criteria suited to application during system
development

THE APPROACH

Survey battlefield autcmated systems--obtain data on user/
operator transactions

Identify problems and deficiencies in user/ope¢: .tor trans-
actions--a real world foundation on which to build

Develop soluticns to cobserved and anticipated problems:

- Prototype handbock of design guidelines ard criteria
- Validate the guidelines against battlefieid automated
systems in different stages of development
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ACTIVITIES OVERVIEW
Phase 1

- Survey Battlefield Automated Systems
- Build data base

- Review guidelines literature

- Establish guidelines structure

~ Prepare preliminary guidelines

Phase I1I

- Review human-computer literature

- Review the Life Cycle System Management Model (LCSMM)
to determine guideline needs at different stages of
development

- Develop Prototype Design Handbook for Combat and
Materiel Developers (the guidelines and criteria)

Phase I1I

- Validate guidelines and criteria against two Battlefield
Automated Systems at different stages of design

- Obtain system developer reaction to guidelines and
criteria

- Conduct in-house review of guidelines and criteria

- Develop recommendations for revision of the quidelines

- Republish the Prototype Design Handbock for Combat and
Materiel Developers

ANALYSIS OF BATTLEFIELD AUTOMATED SYSTEMS

Review of mcre than 60 systems

- Battlefield Automated Management Plan (BAMP)
- Army Battlefield Interface Councept (ABIC) '79

In-depth review of 12 systems:

- TACFIRE - D&4 Auto Run Book - 1I8S
- TO ~ Phoenix Auto Run Book - SDA (USMC)
- TCT - MAGIS (usMC) - BCS
- DLDED ~ ISIS {(Rand) - DAS3

Substantive analyses and reports on S Bystems:

- Tactical Fire Direction System (TACFIRE)
- Tactical Computer Terminal (TCT)

- Admin/Log Automated Systems

- 1Intalligence Information Subsystem (IISS)
- DS& Automatic Run Book

Conclusions from initial analysis of Battlefield Automated
Systems:

- Increased user/operator training reguirements

- fTransfer of training difficulties for scldiers who
cross-train

- Increased cost of stocking spar: parts

- Increased maintenance training reguirements

- Increased demands on people--stretching capavilities,
especially under stress
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g PHASE I PROTOTYPE HANDBOOX DEVELOPMENT
. ORGANIZING FRAMEWORK FOR GUIDELINES .AND CRITERIA
A e Control Methods E
l - Alphanxmhenc Control Methods
A ~ Graphics Control Methods ‘
: ~ 'HELPs ! . B
- ‘o Dzsplay Techn;ques — 5:5_5 é I )
) 7 - Alphanumer;c Displays E*;.;A ‘ o
g _ - Graphics Displays AR
NS : Selectzve Highlighting
N . Data Entry and handl;ng
N - = Information on Legal Entrles
iy - Unburdening of Input : e
e .. - Interrupts and Work Recovery O

X e Message Composztlon Alds . ' .Z} B o ';

Ce Composition’ Aids for Alphanumerzc Messages
- Composztaon Aids for Graph;cs Dtsplays

. Data Retr;eval A551stance

o= Query Method .
- Query. Structu'e

P
L
l‘
S

.-

o Symbology ana Term;nology S S

> =
- Symbols and Symbol Sets S . _
- Standar8 Temms - o . -
o - Abbrev;atlons and Codes '
5§‘ - Full Language’ I R
o - Glossar:es R S o .
e Error Handltng CE E
Lk - Error Feedback _ : - . ) ?'H
o - Error Correction/Recovery .
;: .-3? ®» User/Cperator Configurations-
-  _._ RESULTS OF PHASE III GUIDELINES VALIDATION
O ® Application to two battlefield. automated systems.'
. P - Vehicle Integrated Defense System-—Data Management
N o System {(VIDS-DMS) - - _
~ oo - “etronmcs--App};cat;on of. vehicle electronlcs to L . .

future ground combat vehlcles

Prototype guldellnes appropr;ate and useful at d;fferent ,
stages of system design Do . :
° Prototype gu;dellnes republzshed in ARI Technical Report 83-

- Fo*mat and. structure cons;stency improved
- Index added :
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. SECTION 2. ACTIVITIES, PRODUCTS. AND RESULTS

3

vt Introduction

by This document contains a summary of activities and products of a three

x phase effort to develop and ralidate guidelines and criteria for user/operator

'$: transactions with US Army battlefield automated systems.

0 The Need Addressed

1

Qi Automation of the battlefield, rather than reducing the human skills

- required, imposes demands for different and higher order skills than the

-

wg more conventional battlefield. Perscnnel issues associated with development

of battlefield automated systems arise in three specific areas:

.i 1. The Soldier—~Machine Interface (SMI). Traditionally, the
system designer's attention has focused more on the machine

- end of the system than on the human aspect and has counted

Qy on the adaprability of the user/operator to compensate for

W any design inadequacies. Too little attention to user/
operator skills and capabilities, compounded by the explo-

l' sion of information which autcmatior allows, have greatly

N exaggerated SMI problems. Systematic attention to human
engineering features of the equipment and especially to

ay human factors features of the software interface could

o unburden the Soldier-Machine Interface.

Ny

2. Design Inconsistency. Independent development of battie-
!’ field automated systems fosters unique configurations and
o procedures. The lack of coordination among system propo-
nents and developers imp‘ .es another dimension to the SMI
Ve problem, that of learning new equipment and procedures
{' when transferring from one system to another, and sometimes
even from one duty station to another within the same system.
. A more consistent approach to system design could reduce
N this negative effect of prior experience.

3. Personnel Insufficiency. Despite predictions during early
phases of automation for reduced nurbers and levels of per-
sonnel, just the opposite has Deen true. Expanding availa-
bility and increasing complexity of new battlefield systems
impose additional burdens on recruitment and training of
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personnel. The awuy faces a further compounding of the
problem: its skills pool has been contracting rather
than expanding. Human engineering design for ease of
operation and maintenance promises some help. Of equal,
if not greater need, however, is attention to design
which will allcw greater numbers of less skilled per-
connel to competently perform as system users/operators.

The Proposed Solution

The Army Research Institute for the Behavioral and Social Sciences (ARI)
proposed a three phase effort to address the above problems. The effort was

to provide guidance for the design of Soldier-Machine laterfaces which focus

o
Py .
k3
»

on design to human capabilities rather than on design to equipment capabili-

ties. Tie r dposed solution was to develop and validate a comprehensive set

. -
X

of hunar factors guidelines and criteria for use by human factors specialists

&
. ..
L A

SR A

and system prxopon.ats, managers, and developers in the design of user/operator

tran actions with battlefield automa*tcd systems.

L SF L P §

cat

“hase . Activities and Results

The objective of the rfirst phase of the Guidelines Project was to build
a data base from which to develr- 2 oreliminary set of guidelines and cri-
teria for user/operatov iransactions with battlefield automated systems.
The intent of this first stage of quidzlines development was to provide a
framework and preliminacy data by which to eventiallv provide to the system
design team the tools necessary to capitalize on huuian capabilities and to
compensate for human limitations, thereby enhancing human performance and

facilitating coordination among proponents and developers.

As an initial step, a survey was conducted of all battlefield automated
systems. The survey began with a review ¢® the Battlefield Automated Manage-
ment Plan (BAMP) and the Army Battlefield Interface Concept (ABIC). This
documentation permitted review of mcre than 60 battiefield automated systems,
but unfortunately, at a more reduced level of data on human factors issues
than had been anticipated. Neither the BAMP nor the ABIC'79 provided sub-

stantiv2 data ca luman factors issues of concern. In order to acquire the
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;jlevel of informetion deemed necessary to prov;de an adequate deta base, for

- the guxdelines, detailed analyses were conducted of a series of systems. B
;'Date were gathered by two principal methods: ;nterv;ew of subject matter.
experts and/or developer personnel and thorough revzew of aveileble documenta-~.
tion to extract 1n£ormetion about system design features and operating

'?I *procedures that would effect user/operetor 1nteraction with the system. A

: 13: - Tve techniques were developed throuch whidh to record and manipulate the )

; dete. The Transection Feature Anelyses technique was devzsed for provzding

RS s1x~step narretzve descxiption of a system des;gn feature and its effect on
F system performance. A compazrable technique, Transaction Compatabllity

-‘§gAnalySis, was derived to present comparison of s;mllar design requirements

either across systems o: across different portions of a single system.

a variety of structures was explored within

lnspection of classification
y and

s During these analyses,
:‘uhich to set forth the design guidelines.
Fischemas in the human- factors literature revealed a lack of consistenc
: frequently a structure and/or language too psychologically oriented for
. \%ready application by the intended users of the’ hsndbook Accordingly,
of the principal goals of Phase 1 was to: develop a method of data presenta-
e suitable to the nteds of the analysts and engineers T

n the process of system development and system engineering.

one

i- tion that was mo
typically involved i

:a'gt’ The Phase 1 effort culmineted in a Finel Report organized as follows.
S AvOlume I: Executiue Summary e o B

I . Volume II: 'rechmcal Report i

R Volume III: ‘In-depth Analyses of Indiv;dual Systems

~ | . A Tactacal Fire Direction System (TACFIRE)
-s: e B. Tectical Computer Terminel (TCT)

Y C. Division Level Data Entry Device (DLDED)

f% éi - o D. Intelligence Information Subsystem (IISS) T -
N - |  E. DSd Automated Run Book g

N Volume Iv: Provzsional Guidelines and Criteria .
Eav Volume V: Background Literature

! .

o~ .
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i Table 1
» tOrganizing Framework for “the Survey of
YN ?Bnttlefield Automated Systems
- SET e : -
A - " "l."; Control Methods L )
{%'ér.' . -'Zil 1 Alphanumeric Control.Methods
- i . ~ 7il.2 Graphics Control Methods
RN : Til. 3 HELPs .
g - '; :
¥ 2. iDisplay Techniqgués
'- 2 1 Alphanumeric Dis:pla)is
- . :2.2 Graphics Displays - -
2 3 Select:.ve H;ghl;ghtmg
. 3§' Data Entry and Handling
- f' 3.1 Informat;on on Legal Entr;es
.-3.27 UnbBurdéning of Input.: - ) B
L 3 3 Interrupts and- WOrk Reccvery L -
45 ‘nessage Composit;on Aids | .
-%4 1- Cémpos;tion'hids for Albhanumeric Messages - -
'4 2 Ccmpos;tzon A;ds for Graph;cs D;splays
' 5. :Data Retrxeval Ass;stance l 7
, ,5.1 Query Hethod ’
—— ) 5.2 Query Structure
é. ‘Symbology and Term;nology
6.1 -Symbols and Symbol Sets
6.2 Standard Terms
6.3 Abbreviations and Codes
6.4 Full langusge
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Guidelines Format

‘.
-,
»
»

_ ¥%.X%.1 DEFINITION. Defines the’cqf:_egoiy of guidelines
and criteria covered in the -subsection; : )

EA S

X.X.2 -APPLICATIONS. Describes the situations-to which
guidelines and critéria -in the _,snbsectio‘n apply-
Examples are provided to illustrate the

o |
.
.

»k applications. _
‘ X.X.3 BENEFITS. pescribes the ways in which utiliza-
N tion of the guidelines','viilif_ethanée system per-
VillY ‘ ‘ formance. Descriptions of benefits, interpreted
@ : . in terms of the specific.systen's characteris-
;i" 3 ) tics, can be translated inté evaluation criterisa.
W : S ‘ :

X.X.4 METHODS. Describes specific methods for imple~

gl | - menting the guidelines in the subsection. :
o - ’ Examples are provided 1iberally to clarify each
S - method. AR

Aa.iv.x"

+
-

X.X.5 , RECOMMENDATIONS. Contains specific guidelines. -
! which apply across 21} methods in the subsec-
tion. Usually, the first reécommendation in
each ‘subsection is a matrix-of applications ‘ -
_versus methods, suggesting ‘specific methods
to use for eachrapp"lic;tiob.j:'

s

-

5 Ay

5}.},

et ‘Zl';

X.X.6 ADVISORY COMMENTS. - Containd: specific guidelines
for each method in the subseption.. .
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Phase I1 Activities and Results

The objectives of the second phase of the effort were to:

1. _Develob the technical information required for fuller
generation of guidelines and .. teria.

2. Develob a prototype handbook of guidelines and criteria
to address the problems and deficiencies in the soldier-
system; interface of battlefield automated systems and on
information developed in pursuit of the first objective.
A review of the literature (Parrish, Smith, Gates, and Munger, 1981)
related to humaﬁ-computer interaction conducted early in the second phase
" demonstrated that much of what is presented in the literature is too general
to be of use toisystem developers as specific design guidance. The most
useful documents were those published by Engel and Granda (1975), Ramsey et
al (1978), smith’ (1974, 1979, 1980), and Williges and Williges (198l). Each
of these reports addresses human-computer guidelines directly, and each

provides specific guidelines in at least one area of user/operator

transactions.

This second phase literature review yielded insights and concepts that
extended and supplemented the preliminary literature search of the first
phase of the study (Volume V of the Phase I Final Report). It provided little
additional material that could be directly expressed as guidelines, thereby
reinforcing the earlier conclusion that material relevant to the purposes of
the project are fragmented and more useful as indicators of what work needs
to be done than of information which directly contributes to the development

of guidelines and criterid.

During this second ph;se of the effort, the primary focus was on actual
development and presentation of the guidelines and criteris. A major and
early consideration in this effort was development of guidelines appropriate
to each stage of system development as defined by the Life Cycle System
Management Model (LCSMM). Initial pl#nning for the prototype handbook,

therefore, envisioned a developmental stage orientatiaon within the organizing

-~ . - .
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fremework presented in Tables 1 end 2. 1In the end specific breakout of
quidelines by st;qe of development was ebendoned due to the following:

1. Much of the meteriel in the early steges sections ot 2
design stage oriented handbook ‘would have: duplicated work
under another ARI contract (Sawyer, Fiotello, xida, and

. Price, 1981) which produced a. human !ecto:s “principal )
product™ concept for each stage of the'LCSMM Although not
directly stated as guidelines, at’ least for early -design .

. stage, the descriptions of the processes for obtainring
the principal products essentially. constitute a series of
recommendetions or guidelines appxopr;ate to that stage.

2. For much of the other aspects of the guidelznes and criteria
presentations (e.q., deftnitton, epplicatton), materlels
would basically replicate the content. presented for eerly
design and merely inflete the prototype hendbook. :

For these xeasons, the developnent-of quidelznes sppropriete to-eech stage of
system development was abandoned pending tne :esults of the third, or vel;da-

tion, phese of the pxoject.

The Prototyoe Des;gn Hendbook £or Combet eﬂd Materzel Developers was

e e e im——

publxshed as Volume II of the Final Report of Phase II of the study. {(Volume’

1 presents 2 dxscuss;on of the Phase II activzt;es ‘and products. ‘See Voiume
II1 of this report, Section 4, for a full .list of publications which evolved

during the full study effort.) The handbook is organized according to the

f:enevoxk and discussion topics psesented'in Tebies 1 and 2. An introduction

‘to the handbook discusses scurces of info:mntion toz guidelines and prov;des

instruction to the user on tts use. A’ few comments of noteworthy che:ecte—

ristics dfthe handbook are appropriate.

1. 1In developing the design guidelines within the framework
cutlined in Tables 1 and 2, the first four topics; of
Table 2 (Definition, Applications, Benefits, and Methods)
characterize the sudtopics of Table 1, while the last two
topics (Recommendations and Advisory- Comments) provide
specific guidance for selecting end then implementing appro-

priate design techniques. o . .

-

2. In deueloping the specific guidelines presented vithin
' Recommendations and Advisory Comments from the literature

inconsistency of language was e:najor prodlem. The majority
of the guidelines derived frcm the literature were reworded
or entirely rewritten to achieve congistency in style, to
provide greater emphasis, 0 sharpen their focus, to remove
psychological jargon, or to increase thei: clarity of

expression.
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Figure 1 presents sample guidelines for Dlsplay Technlques

in the prototype handbook.

Draft Procurement Specification:

As noted earlier, many of the guidelines topics were
addressed only generally or very sparsely in the litera-
ture.- For these areas, guidelines were developed on the
basis of the knowledge and experience of the project staff.
Guidelines for individual sections of the handbook were
prepared by different personnel 'and then reviewed by others,
with differences of opinion reduced through discussion. It
is judged that guidelines thus generated comprise about
hal‘ of the content of the handbook.

'Creat;on of guidelines from experience yields guidelines
-which :are, as yet, neither supported nor challenged by the
results of research, and which inevitably reflect the pre-
judices of the project staff. Nonetheless, they reflect
-application in human-computer interface development efforts’
on whith project personnel have worked and they also reflect
solutions devised for problems and deficiencies observed
during. the analytical actlvxtles of the first phase of the
pro;ect.

- presents sample: gu1de11nes for Graphlcs Dlsplays.

Phase II1 Activities and Results

objectives of the third phase of the effort were to:

Demonstrate the applicability of the guidelines and criteria.

Obtain system developer reaction to the guidelines.

Develop recommendations for revision of the guidelines.

battlefield autbmated systems at different stages of development

were selected for application of the design guidelines and criteria contained

The Vehicle Integrated Defense System - Data Management
System (VIDS-DMS), & self protection system under develop-
ment by the US Army Devglopment and Readiness Command
{DARCOM) , through the Concepts lLaboratory at the Research
and Development Center of its Tank - Automotive Command
(TACOM). At the time of applciation of the guidelines

to the VIDS-DMS, development plans called for the design,
development, and test of a Feasibility Demonstration Model
which emphasized the data management aspects of the system.
Information was gained primarily through review of the
draft procuxement specification'and through discussion

R Tt W Vet o, e P
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Figure 2

Applications of the guidelines were addressed to:

Vehicle Integrated Defense System - Data
Management System (VIDS-DMS). Warren, MI: US Army Tank - Automotive Command
Research and Development Center, July 1982. (R-3760-10279)
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which contribute to user/operator accurscy and efficiency in information pre-

sentation and utilization.
important factors here. Display techniques are considered within the follow-

\ - pm— pe——— et

SECTION 2. DISPLAY TECHNIQUES

Guidelines in this category specify methods for information presentation

Speed, sase, and accuracy of vomprehension are

three categories:

1. Alphanumeric Displays describes conditions and techniques
aFpropriate to generation of displays for alphanumeric data
presentation.

2. Graphics Displays describes conditions under which picterial
and diagrammatic presentation of information are appropriate
and delineate techniques for achieving optimum presuntation.

3. Selective Highlighting describes techniques fo: djfferentiating
displayed items which are of special {nterest to the user/

operator from those which are more routine.

_—

Nuppme

requl
spaci

2.1.1 DEFINITION
Alphanumeric displays are screen or hard-copy presentations of informati-=
conposed of the alphanumaric symbol sets. (See the discussion of symhols and

symbol sets in Section 6.1.}) ToO the extent that grammatical symbols are

plays also contain these additiocnal symbols and symdo) sets.

2.0 Asphangm-ric 0is *aye

red for textual separation, Or that speciil symbols associated with &
fic area of science or technology are required, fined alphanumeric dis-

Figure 1. Sample Guidelines for Display Techniques
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2.1.2 APPLICATIONS FOR ALPHANUMERIC DiSPLAYS
Alphanumeric displays are appropriate for:

a. Presentation of layouts for data entry.

EXAMPLY: In a field artillery system, all information is
entered within a selected prestructured message format.

The format consists of data field labels, data field
de)imiters (made up of grammatical symbols), and spaces
for data element entry. All entries are alphanumeric
codes. Data entry length can not exceed the space allowed,
and only proper information (legal entries) can be entered
ithin & given data {;

ne" to “emergency.™

¢. Digplay of & list of performance or other options (menu).

EXAMPLE: A tactical intelligence data handling system functions,

in part, through user/operator call-up of preformatted disrlays

and, in part, through the use of menus. Once the user/cperator

logs onto the system, a list of the machine's functions--a

master menu--is automatically presented on the screen. Selec-

tion of a function from the master menu results, in some

instances, in presentation of preformatted displays through

which the er/operator constructs comsand statements to per-

form £, wvailable in tha ¢ of operation. f'

"

2.1.3 BENEFITS OF ALPHANUMERIC DISPLAYS

Proper utilization of alphanumeric diaplays will enhance overall system
performance through improved user/operator pearformance by:

a. Reducing error rates. by minimizing:

1. The necessity for recsalling information f{rom memory due
to insufficient display of essential information.

2. Sudboptinum display forwmats which make discriminations
hetwean sepavate items of information di1ffacule.

3. Improper retrieval of sssential informsticn due to
inappropriste oode and/or features of informstaon
prese-tation

4. Diffaculty in distinguisning amchg logic”l subelements

of a data ites which i3 required for subzequent cao-~
sand or data item entry.

b. lpcreasing gvsiep throughpyt retes. by minimizing:

1. Difficulty in locsting information displayed on the
screen.

S o
Figure 1. (Continued)
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2.1.4 METHODS FGR ALPHANUMERIC DISPLAYS
Alphanumeric displays are of two basic types: fixed and variable.

a. PFixed alpharnumeric displays. Fixed alphanumeric displays can-
not be varied by the user/operator in shape, size, or data
element label. Fixed alphanumeric displays can be provided
through the fnllowing methods:

1. Lists of appropriate information. These lists can take
any of a variety of forms.

(a) Lists may be in the form of legal codes as follows,
for exanple, for ammunition type:

(by Lists may be in the form of code definitions. as
follows, for ampunition type codes;

~__

e e e

2.1.5 RECOMMENDATIONS FOR ALPHANUMERIC DISPLAYS

a. hble 2.1-1, Method of Alpharameric Display by Appiicaticn,
: e of particular

Table 2.1-1. Method of Alphanumeric Disgplay by Applicat:ion

ar APRLICATION
. deeed
b . actoorabl 2p g
< 