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Abstracte

The user interface style guide for the Earth Observing System Data Information System
(EOSDIS) Core System (ECS) provides gandads for designing and implementing ECS user
interfaces to gude ECS developeas in the cedion of effedive, user-friendly interfaces.
Congstent applicaion o these standadswill hdp ensure a omnon "look and fed" aaossECS
user interfaces.

The style guide has been tail ored to the uniquerequirements of the Unix Operating System (OS),
OSHMotif Release 1.2, and the ICS Builder Xcessory software toolkit. It provides genera
guidanceregarding the design of the ECS desktop and describes highdevel user interfacedesign
guiddines tha should be followed when dereloping ECS user interfaces, or any Motif user
interface as well as pedfic charaderistics of the ECS user interface induding windows, color
schemes, data manipulation, tailoring, and keyboard shortcuts.

Keywords Builder Xcesry, ECS Workbench, Graphicd User Interface OSHMotif, User
Interface Style Guide
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1. Introduction

This Style Guide provides dandads for designing and implementing Earth Observing
System Data Information System (EOSDIS) Core System (ECS) opeaator/user interfaces.
The standads contained in this doaument are intended to guide ECS developeas in the
credion of effedive, uer-friendly interfaces, primarily for ECS maintenance ad
opeaations (M&O) personnd, although the prindples can also serve @& guidance for
refinement of the gplicaionsinterfaces for scienceusers. Congstent applicaion o these
standards will help ensure a common look and feel across ECS user interfaces.

This Style Guide is indudve of Graphicd User Interfaces (GUIs) built usng the Unix
Opeating System (OS), OSHMotif Release 1.2, and the ICS Builder Xcesory software
toolkit. As such, the guiddines have been tail ored to the unique requirements of these
produds. Further, some ECS subg/stems will be developing applications usng the
HypeText Markup Language (HTML) to opeate in conjundion with the World Wide
Web (WWW). For these gplicaions the ECS subs/stem develope shdl comply with
the Yale C/AIM WWW Style Manud. The Yale WWW Style Manud is locaed at the
following address:

http://info.med.yaleedu/caim/StyleManual_Top.HTML
This style manual is an excellent source of information for GUI design using HTML

Findly, the arrent version of the ECS User Interface Style Guide provides genera
guidanceregarding the design of the ECS desktop. In paticular, the desktop guddines
prescribe the use and bévavior of iconsand iconic ‘drag and diop' piocesss on the ECS
desktop

The standads described in this doaument are not intended to addressevery opeaator/user
interface design chdlenge which will arise during ECS development. Rather, these
standads $ould beused to develop a general ECS "look and fed". When the standads
do notprovide guidance for a spedfic design pioblem, it is the opaator/user interface
designe’s responsbility to weigh the options and deermine the best solution. These
spedafic solutions $ould be doaumented to ensure wngstency in the event tha a similar
situation occurs in the future.

Interfacedesign ha progressed throughtwo discernible generations Thefirst generation
is Charader-based User Interfaces (ChUIs), explicitly not consdered in this Style Guide
Rather, the guide is direded towards the design of GUIs. This doaument also explicitly
does not addressthe gplicaionsof the next generation of more alvanced opeator/user
interface concepts, such as virtual reality or voice interaction

The Style Guideis divided into two major sedions Sedion 2.0 decribes highdevel user
interfacedesign guddines tha should befollowed when developing ECS opeator/user
interfaces, or any Motif user interface Sedion 3.0contains gedfic charaderistics of the
ECS user interface induding windows, color schemes, daa manipulation, tail oring, and
keyboad shortcuts. Appendix A provides a glossry of terms, Appendix B provides
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illugrations of templates prepaed usng Builde Xcesory to assst GUI
developas/programmers in prepaing ECS GUI screens and Appendix C provides
detailed gudanceon seledion o graphic forms tha supplements Sedion 3.3.6,Graphics
Presentation.

1.1 Applicable Documents

The following dowments are referencal hegein and are diredly applicable to the
guiddines provided for ECS Graphicd User Interfacedevelopment, to the etent cited.
In the erent of conflict beween any of the doauments cited and this doaument, this
document shall take precedence.

Human-Conputer Interface Guiddines (Nationd Aeronautics and SpaceAdministration,
1992). Goddard Space Flight Center, Greenbelt, MD.

OSHMotif Syle Guide Release 1.1 (Open Software Founddion, 1991) Prentice Hall,
Englewood Cliffs, NJ.

Motif 1.2 Style GuidéSun Microsystems, Inc., 199Funsoft, Mountain View, CA.
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2. ECS User Interface Guidelines

This fdion contains a description o the opaator/user interfaceguiddines for ECS. The
pumpose of this description is to provide highdevel guidance for developes of ECS
opeaator/user interfaces. It is organized into two subsdions one describing the desktop,
or core set of 'root objeds, and onedescribing the workbench, or the remainde of the
software, including applications.

2.1 Desktop

The ECS desktop piovides the caability to organize and present various applicaions
objeds (daa and programs) with which an operator/user interads. The desktop provides
the following basic classed desktopobjects:

e General desktopbjects- root class for all desktogbjects.

e Desktop containe objeds - a subdassthat provides for "containment” adionsin
general.

e Desktop doaiment objeds - a subdassthat provides for the handling of objeds
that possess the characteristics of documents.

e Desktop appication oljeds - a subdasstha provides default behavior for objeds
that represent executable programs.

The ECS desktop also accomplishes the following:

e Suppots the ddfinition of new types of objeds as subtypes of the basic desktop
object classes

e Provides for the ingalation of the software implementing the new objed types
into the desktop

e Exeautes the software assodated with an oljed in respong to operator/user input
actions.

e Provides a framework for installing object format translators.

e Provides additiond predefined desktop ohjed classs (e.g., folders) as subtypes of
the basic classes to facilitate the organization of the desktop

Threediscrete stages are evident in the evolution of the ECS desktop. Thefirst stage of
the evolution, which began prior to Release A, was a ausgom-coded desktop that provides
esentialy file manager fundiondity, with some aspeds of the desirable desktop, such as
multiple desktop workspaces. It provides iconstha open nev windows on which ECS
subgystems run, and allows opeatorsusers to seled an icon tha loads an applicaion.
Trueiconic 'drag and diop' piocesss, however, ae notadively suppoted. As such, then,
the ECS desktopepresented a useful interim solution.
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The seand evolutionay stage of the ECS desktop is trangtiond beween the arrent
ECS desktop and anew desktop standad. This gage ocaurs conaurrently with Release A
development. Release A suppots two desktops dgpending upon he caabiliti es of the
opeaators/users workstations The first desktop implements the new Comnon Desktop
Environment (CDE) standad. The CDE provides important cgpabilities to
opeators/users, induding the use of multiple workspaces and the @plicaion of the
iconic object-process paradigiaiscussed in a subsequent section).

Unfortunaely, full suppot of CDE in Release A is problematic, dueto the fad that
implementation of CDE as the desktop requires Sun OS Version 2.5and HP UX10. The
emergent status of these opeaating systems predudes full relianceon them for Release A.
The CDE standad itself only becane available in mid-1995. Consquently, the badkup
desktop solution remains the arrent ECS desktop, to beingaled on workstations for
those opaators/users who donat run CDE. For workstationsthat run CDE, it is assumed
tha CDE will bemme the only desktop. (Thiswill only be universal at Release B.) For
DAAC workstations not running CDE, the ECS desktop runs on top of the naive
workstation desktopnvironment, using ECS as an added service.

Thethird evolutionay stage of the ECS desktop will condudewith Release B. At this
time, the ECS CDEompliant desktomvill run exclusively on ECS workstations.

Thefollowing paagraphsdescribe the iconic objed-process paadigm and ohe desktop
characteristics that define the ECS desktop

2.1.1 Iconic Object-Process Paradigm

The iconic objed-process paradigm describes the basis of iconic representations on the
ECS CDE-compliant desktop and the relationship bdween obgeds (entities which opea
torsusers manipulate, such as doauments) and pioocesses (entities which manipulate
objeds). Objeds (i.e., doawments, daa files, graphic files), represented by iconson the
desktop, can be enployed by opeators/users usang one of three roughly equivalent
techniques:

(@) Objeds are seleded by asingle dick ontheobjed/icon. After an oljed is €leded, a
pop-up menu can be used to seled a processto bepeformed. These menus $iould only
have geneic objed fundions sincepop-up menuson the desktop are typicdly limited to
one single pop-up menu and onediredory menu aaossthe desktop. The objed types
indude for example, jobs roles, document_dasses, doawment - metadaa, and dowment
- graphics, among numerous others.

(b) Objea processes can be ativated by doubé dicking the objed's icon. Separate
adivationsocaur for eat mouse button, also different processes can be ativated by the
combination of shift, control, or mode keys with the mouse buttons Process types
include, but are not limited to, the following:

- calendar
« clock

- mailbox
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- printer

- workbench applicaion loader (indalls applicaions from a server to the
workstation)

- data format converter
- calculator

- ECS processes (e.g., sendmail, telnet, file transfer, web browsers)

(c) Processes can be ativated by doubé dicking the processicon (this would nomally
start a status request of the procesg or by dragging and dropping an olged icon ontop o
a process icofor into an open process).

In any of these caes, optionsand paameters (assgned to these objeds and processs)
will be accegble through nodifiable propeaties contained in a CDE adion file asdated
with each specific process icon

Theuse of theiconic objed processparadigm simplifies theuser interfaceove tha of the
traditiond menu-driven processpaadigm. However, this cgpability, while it shields the
opeaator/user from the omplexities of a highly complex and interadive process also
shields the opeator/user from undestanding piocessng errors when they ocaur. The
avail ability of propety menuddialogs and meaningful error/warning windows can hdp
compensate for this limitation.

Example: The Object-Conversion Paradigm.

The objed-convasion paadigm is a spedal ingance of the iconic objed-process
paradigm. This paradigm provides the means by which onetype of objed (e.g., a raw
data stream) is conveted to another type (e.g., spedaly formatted, compressed dda).
The paradigm suppots sngle-objed convasionsas well as many-objed conveasions at
once so longas al objeds conveted are of the identicd type and the target typeis the
same s well. Theopeator/user seleds, drags and dropsan oljed icon ona daa format
convater (procesg icon. This results in the gpeaance of a data format conveasion
dialog that alows the opeaator/user to seled the objed filters tha are required to perform
the onvasion. Multiple objed iconsof the same type may be seleded in sequenceby an
operator/user and then dragged and dropped on the converter process icon

2.1.2 Multiple Desktop Workspaces

Operators/users hould be provided with the aility to have multiple desktop workspaces,
so they can omganizether work based on hedifferent roles they play (meaning ther work
assgnments and job responsbilities). In CDE, desktop workspaces, ead with a unique
name, can be accexed with a simple seledion from a ba at the bottom of the screen.
Operatorsusers $ould be #&le to move to a different workspace by seleding the
designaded workspace representation and doubé-clicking on nouse button #1.
Operatorsusers dould be &le to move objeds from one workspaceto another by
dragging and diopping an objed's icon on bp of the representation of the workspace to
which that object is to be moved.
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2.1.3 Window Activation

Operators/users sould be provided the means to cycle throughwindows which ovelap
one aother (thusobscuring pat or al of 'lower' windows). Thisis nomally a fundion
of thewindowmanage. Thefollowing means ould be used to provide opeators/users
the ability to select among available windows open on their desktop

- Opeatordusers ould be dle to 'make adive' eathr window, one & a time, in
sequence by (@) holding down the 'Shift' key, (b) postioning the arsor at the
locaion of overlapping windows by means of the mouse, and (c) pressng mouse
button #1 n progresson and stop when they have 'made ative the window they
wish to ue. Operatorsusers sould be dle to cycle through the sequence of
ovelapping windows continuousgy by these combinaions of key and mouse
buttonactuations.

» Opeatorsusers sould be dle to 'meke acdive' a window by (@) postioning the
cursor anywhere indde a inadive window and (b) pressng mouse button #1.
Here gan, opeatorsusers $ould be provided the option of peforming this
operation repeatedly.

- It is aso pos#ble to use fundion keys in conjundion with a ctrl or alt key to
provide opeators/users with the aility to seled windows (e.g., alt <F1> to seled
thefirst window, alt <F2>to seled the sesoondwindow. . . ) The asgnment of
windows to fundion keysis smply determined by the order of windowadivation
(i.e., sequence of window opening on the degktop

2.1.4 Definition of Desktop Icons and Icon Textual Labels

For congstency in look and fed, ECS user interfacedevel opas should avoid proliferation
of widdy varying iconic representations of objeds and pioceses. There should be a
standard set of icorfer all appropriate situations.

Aniconlabd will congst of: (a) auniqueobjed name and (b) an ojed name extenson.
Theobjed name will be uniqueto the objed or process The objed name extenson will
designde the objed or processtype Opeatorsusers fould be &le to change objed
names, but will not be permitted to alter object or process type classifications

Restrict the dsolute number of icon types avail able on a 'single’ workspaceto no nore
than 20. Opeatorsusers will aimog certainly not remember the fundiondity of any
more than tha. ldedly, avoid the aailability of any more than 20 icons regardless of
workspace If that isnotpossble, try to ensure tha any opeator/user who fes more than
one desktop (e.g., manager, scientist, and ECS M& O opeators) does not see ay more
than a total of 20 icons

2.1.5 Guidelines for ECS Login , Logout , and Passwords

Use the following guidelines for logitogout and passwords.
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2.1.5.1 Login

"Logins" are an authentication tool used to ensure that only authorized operators and
users gain access to systems, applications, and dateell-designed system requires

login only once at the system level (after logira workstation), allowing any authorized
operator/user access to those applications and data elements to which that operator/user
has been granted permissiorhe following guidelines should be considered when
designing a logirsystem:

1) Login should be a simple, prompted process.

2) Login should be the first adion tha the opeator/user can peform a a
workstation.

3) Operators/users and opeators sould be prompted once &the ECS applicaion
level. No additiond logins $iould berequired for those gplicaionsfor which the
appropriate accesses and permissions have been granted.

4) Thelogin procedure mug appea to the opeator/user to besepaate and dstinct
from applicaion piocedures. Login mus be ompleted beore accssis granted to
applications, operations, or data.

5) Login, a a minimum, should indude the ombinaion of a user ID and a
passwvord. Opeators/users mug enter these dements corredly before accesng
system resources.

6) The text entry field for ead required piece of information, (i.e, user name,
passvord) should be ¢ealy labded and presented on gpaate lines, as s1own in
Figure 2.1.5.11. The figure depicts a generic modd of an accetable "login”
dialog. Although"login" does not have to be peformed through a dialog, it
should bethe first and only opeation avail able to poentia opeaators/users after
login at the workstation. No other information should appea on the screen until
an operator/user has successfully completed the pogoess.

A\ Login

User ID: | jdoe

Password: [ xxsssx T

‘ OK | Cancel |

Figure 2.1.5.1-1. A generic model of an acceptable "login " dialog .
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7) Establish user authorizaion for applicaions and dda display at initial ECS
applicaion login. Do not require alditiond authorization when dda display,
entry, or change attempts are made.

8) Do not alow entered passvords to be displayed on he screen. Typicdly,
asterisks are subdgituted for alphanumeric dharaders of the password in the
passworcentry field (see Figure 2.1.5.1-1).

9) Operators/users hould receve relevant feedbad regarding the status of thelogin
process.

10)In the erent of a system dday, opeators/users should be avised as to when the
system will be ready (see Table 2.2.5.41 entitled "Maximum Tolerable and
Optimum Response Times for Generic Operations Performed by Computers in
Response to Operator Tasks").

11)If an opeator/user cannot login to the system, a dialog should appea to explain
the reason for this inability.

12)If an opeator/user makes an error during the login procedure, an error dialog or
message should beused to notify the opeator/user of the naure of the eror and
guidance orredingthe eror. The message should notgenerate information tha
could assst someonein breking into the system. Figure 2.1.5.12 ill udrates a
poolly designed login aror dialog. Not only does this dialog fail to gudetheuser
towards a solution (it does not clealy state the naure of the eror, and doe not
advise the opaator/user how to corred the eror), but italso displays information
tha represents a potential seaurity risk (an incorred password entry is echod,
providing cues to the correct passwtrdt would be obvious to an onlooker).

4 Error!

N

You have entered:

"passwork"

Figure 2.1.5.1-2. Example of a poorly designed login error dialog
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Figure 2.1.5.1-3 illustrates an error diatbgt is better. The nature of the error is stated,
an opportunity to correct the error is presented with guidance, and no information is
displayed that is a potential threat to system security

v Error!

Invalid userid.
Please try again.

User ID: | jdoe

Password: | skxxxex T

‘ OK | Cancel |

Figure 2.1.5.1-3. Example of an effective error dialog  for incorrect
password entry.

2.1.5.2 Changing Passwords

Passvords are arequired element in the login procedure. Sinceuser IDs are generally
based uponthe name of the opeaator/user, they are not hard to guess if oneisindined to
do so. By requiring u® of a passvord, unaithorized accessto a given opeators/user's
system acount and pemissonsis not possble based on the knowledge of the user 1D
aone For further information on he use of passvords and changing paswvords for the
ECS application, please consult NASA and ECS secguiyelines.

2.1.5.3 Logouts

"Logout’ ends the opeator/user ECS sesson. It should close dl ECS applicdion
windows and return the @mputer display to theinitial workstation login screen. If ECS
applications are open, logostiould initiate an exit from active applications.

2.2 Workbench

The ECS workbench provides tools for hdping opeators/users to access andyze and
disseminae dda to colleaggues throughout he scientific community. The workbench
provides oftware objeds that are subtypes of the basic objed classes provided by the
desktop. The workbench objeds offer an environment for accessng and managing an
operator's/user's view into the EOSDIS data and services and consist of the following:
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A colledion of GUI-based tools for viewing, creding, and editing ECS daa
objects.

e APIs or libraries to build science applications or prepare and manipulate data.

e A colledion o software objeds providing the GUI to the ECS services, ECS daa
objects, and ChUnterface functions (if any).

e ECS client suppot software objeds tha asdst in the interadion bdéween the
Client Subsystem and the ECS services.

This subsedion describes the OSHMotif objed seledion modd and its charaderistics
that define the characteristics and behavior of the workbench.

2.2.1 The MOTIF Object Selection Model

OSHMotif employs an obed-adion seledion modd for navigaing around the
workspace The OSHMotif Style Guide Release 1.1 describes this modd sucdandly in
the following manner:

"In obged ... seledion, ugrsfirst seled an obed, and then
seled an adion to perform on that objed. The OSHMotif
selection model employs the following kinds of selection:

* The selection of a single object
» The selection of a range of objects

» The seledion of additiond (non-contiguou$ objeds,
including multiple ranges.

To make seledions in OSHMotif applicdions users
aways use the same basic steps.  First, they place the
pointer (mouse) or locaion cursor (keyboad) on the objed
they wish to seled. Seond, they paform a spedfic
seledion adion. Thus the kinds of seledion... are not
sepaate types of seledion. Rather, they are variations of
the one seledion modd theme. Which vaiation they use
depends on whether they wish to seled a single objed, a
range of objeds, or severa additiond (non-contiguoug
objects."”

Table 2.2.141 lists the mouse button and keyboad opeations of the OSHMotif 1.2
selection model.
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Table 2.2.1-1. The OSF/Motif 1.2 Object-Action Selection Model

MOUSE BUTTON KEYBOARD
SELECTION TASK OPERATION SELECTION
OPERATION
Select a single object (set the Click BSelect (left Press <Select>
anchor point) and deselect all mouse button)
other objects.
Select a single object from a Release BSelect in a | Press <Select>
collection of browsed singly selectable element while element is
selectable objects and deselect highlighted
all other objects.
Select a range of objects (set Drag BSelect Press <Shift> +
the anchor point at range navigation keys
beginning) and deselect all
other objects.
Toggle the selection of all <Shift> + click Press <Shift> +
objects between current BSelect <Select>
location and the anchor pointer.
Toggle the selection of an <Ctrl> + click Press <Ctrl> +
additional object. selection operation selection operation

Refer to the Motif 1.2 Syle Guide (Chepter 4. Seledion) for a detailed description of
selection models and operator interactechniques.

2.2.2 Navigation and Window Management Design for Integrating ECS
Software

This ®dion pesents design standads for the navigation and window management of
ECS software that employsa graphicd user interface(GUI). It isintended to suppot the
development of a congstent look and fed for al ECS subsy/stem software gplicaions to
the etent pradicable. The succesful GUI design will produce a ensstent look and fed
aaossECS interfaces, regardless of the undelying type of software gplicaion that is
integrated into ECS, induding Motif developmental and Commercial-Off- the-Shd f/Off-
the-Shdf (COTS/OTS) and HyperText Markup Languaye-based (HTML-based) software
applicaions ECS Release A will suppot two desktops namely the «isting ECS
desktop and a desktop baed on the new indugry standad, Comnon Desktop
Environment (CDE). This represents atrangtiond phase from the isting ECS desktop
to CDE. The trandtion to CDE will be @mplete & Release B. The impad of this
transtiond period on he GUI design for ECS subsystem applicaions will be that the
applicaions cannot depend on the availability of a single set of desktop services to
support the workbench.
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2.2.2.1 Problem Statement

The dfedive integration of ECS software tha encompasses the full range of Motif
cugom, COTS/OTS, and HTML-based applicaionsis dependent uponaddressng at least
four GUI design issuesThese issues are:

1. Operator focus - Simply stated, opeator focusis the aility of an opeator/user
to orient to, navigate through,and interad effedively with the GUI to aceomplish
specified tasks.

2. Screen Density - The anount of information presented ona CRT display has a
dired effed on its readability by opeators/users. The god for screen densty is
set to 25%, with a maximum upper limit of 50% of the overall screen workspace.

3. Real estate managament - Eff edive management of the CRT red estate involves
(@) the dficient dlocdion of CRT workspace aong the screen elements that
suppot ongong tasks, (b) ease of rewnfiguration and restoration of screen
elements (without destructive lossof daa), (c) effedive presentation of technicd
information and optons without excessvely taxing hunman memory limitations
among other factors.

4. Use of overlapping windows and iconification - Effedive focus and red estate
management involves minimizing dgpendence on multiple overlapping windows
and iconification as CRT display 'real estate management tools.'

2.2.2.2 Navigation and Window Managemdbesign Standards

The design standads discussd in this sdion are intended to provide alequae
opeator/user focusto the tasks being performed and techniques to manage the densty of
screen information and the oveall screen red estate. The following opeator/user
interactionswith the computer are assumed in this section.

1. At thedesktop (whether the isting ECS desktop orthe upacoming CDE desktop
environments), the opaator/user initiates an ECS sesson by ativating an ECS
icon.

2. The @plicaion displays a Motif primary window to the opeator/user. (The
primary window congsts of a pull-down menu ontop, a ®lledion of tabbel
forms, or "tab stad," below the pull-down menu, and application workspace esea
on each tabbed fornamong other screen elements.)

3. At this point, the usage of CRT display spaceis dependent uponthe information
presentation requirements of the ECS applicatilime typical operations are:

a. Opeator/luser toggles through tabs to seled tabbel proceses tha are
associated with an 'active' ECS subsystem.

b. The fundiondity assdated with the seleded process is displayed in the
application workspace area contained in the application's primary window.

c. Circumstances may dictate, however, tha Motif seconday windows be
creded to display the fundiondity asodated with spedfic processes. (This
may ocaur, for example, in the situdion where the process uses the
functionality of a COTS/OT$®roduct to accomplish tasks.)
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d. Inthis case, theicon adivates the COTS/OTS produd ingdeits own discrete

window. A similar situation may ocar for HTML-based applicaions which

are by ddinition not Motif-compliant. (This design plces control of the
adivation and dismissal of all seconday windows, induding COTS/OTS
produds and HTML-based applicaions into the "stadk" of tabbed forms
locaed on he gplicaion'sprimary window. In this case, there should be a
clea distinction between cugsom and COTS/OTS or HTML applications such

as by a feature of the icon that indicates it is for a COTS/OTS or HTML) item.

e. The requirement for a seconday window may also ocarr when dialogs or
message boxes are nealed to suppot the immediate acomplishment of a
given task or when immediate feadbadk on the outcome of agiven operationis
required.

The following sections define the key components of this design.
2.2.2.3 Tabbed Form

A single tabbed form will be adated with eat ECS subg/stem applicaion. Thetabs
on ead tabbed form will contain icons cgpable of generating ddault screen layouts, as
described in the precaling sedion. Theiconswill control the mapping o asodated ECS
subgystem fundions or processes to tabbed workspace &eas contained on pimary and
seonday windows. Ead icon will use standad icon bitmeps representing common
ECS processs (e.g. control, monitor, history) to the maximum extent feasible. The
tabbed form provides oneof the main tools for managing CRT display red estate and for
achieving operator focusonthetask to be peformed. In genera, for asingle gplicaion,
it is desirable to ke the nunber of processes, and therefore tabbed forms, small enough
tha there will be asingle row of tabs bdow the menu ba at the top of the screen; two
rows of tabs should be considered the maximum permissible.

This design also pemits the use of a toolbar or rlerbar to provide icon-based accesto
services (e.g., print, file save) as used in typical PC windows applications.

2.2.2.4 Multiple Window Containergnside the Primary Windowf an Application

The preferred mode of opeation in this design is to assgn ead ECS subs/stem process
to ore Motif 'containg”’ widgd locaed (as a dhild) on the gplicaion'stabbed workspace
areafor the primary window (the 'parent' container). This minimizes dependence on
multiple overlapping windows and the iconificaion of applicaion windows as the
primary method of real estate management on the CRT display.

Thefollowing applicaion 'bénaviors are used to manage the ativation and dsmissa of
these child containers.

a. Activation of an icon (on the tabbed form) displays a dild container window on
the aplicaion workspacefor the primary window, and 'hides’ all other child
containers in the same application workspace.

b. Activation of ead different process within a given ECS subsgystem applicaion,
provides for the protedion of criticd daa ajang loss or destruction by the
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applicaion. That is, within an applicaion, when an operator/user has entered bu
not saved daa on onetabbed form and then adivates a second tabbed form, the
unsved ddais proteded and accessble by simply adivating thefirst tabbed form
agan. This behavior is obtained for al daa asdated with the tabbed form

window container, in which unselected processes are not visible to the operator.

c. The tabbal form suppots a rapid toggle beween processes, pamitting

operators/user to observe data entered on prior screens (for the active application).

d. Extengbility of the workspace area indgde the primary window is adieved
through the use of scrollable @ntainas (e.g., paed window). This pemits
opeators/users to scroll aaoss portions of a widgd to interad with the
fundiondity required to acomplish a spedfied task. Whileit is preferred that all
fundiondity assodated with agiven processbevisible on asingle window, thisis
not always feasible. Therefore, this design suppots the god of locaing mos

process-specific commands, operations, and text on the same 'process’' window.

2.2.2.5 Congstent Placanent of Seconday Windows on CRT Displays, with Reference
to the Primary Window

The ®ngstent placanent of primary and semnday windows on the CRT display is a
principd aid to achieving a mngstent look to the ECS GUI. This means tha window
screen elementsill implement the following screen display guidelines.

a. Primary windows will default to the uppe middle aeaof the CRT display upon
activation of an ECS application.

b. Sewmnday windows (e.g., thoe tha contain COTS/OTS produds or HTML-
based applicaionsor tha are othewise necesstated by opeator/user work flow)
will be displayed in nonoverlapping secnday windows adjacent to the primary
window. These windows dl be ativated and dsmissed in ac®rdance with
thar required use for ead process €leded by the opeator/user toggling among
iconsonthe olledion of tabbed forms. A seanday window will appea to the
left of the primary window on the CRT display. If two seconday windows must
bedisplayed simultaneoudy, an additiond seconday window will bedisplayed to
the right of the primary window. In the unlikely event tha three or more
seanday windows are required for a given process they shdl be aranged in a
manne tha permits the opeator to rapidly seled an adive window from among
those available on the display.

c. Semnday windows tha contain subodinae dialogs or message boxes will be
displayed prominently in conjundion with the primary window (or seconday
window) to which the dialog ormessage box @ntained in the seconday window
is attached. This means tha the dialog or message box will overlap with and
display onaportion o thewindowto which it is asodated, such tha criticd data
are not obscured by the dialog or message box. Such dialogs or message boxes
will be dismissed when their use has been completed.

Figure 2.2.2.51 illugrates atypica sequenceof events and assodated window placement
defined by tis design. To start, an opeator/user adivates an ECS applicaion by
seleding its matching icon on he ECS desktop (seePand 1 of Figure 2.2.2.51). The
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applicaion respondsby pladng the primary window for the gplicaion on he uppe
central region d the CRT display (seePand 2). The ensuing sequenceof events depends
ontheprocesstha is sleded by the opgator/user. For indance to seled ProcessA, the
opeaator/user adivates the processicon for A and the CRT display is updded with the
'ProcessA screens (seeleft side of Pand 3). On the other hand, to seled ProcessB, the
opeaator/user adivates the processicon for B and the CRT display is updded with the
'ProcessB screens (seetherightside of Pand 3). Thebdanceof an operator/user sesson
with the ECS subsystem proceeds in a similar fashion.

ECS DESKTOP or CDE

PANEL 1 / \
Activate desktop O O O
icon for ECS O
subsystem m

PANEL 2

Initial Application Display

Activate Icon o 7( - Pull-Down Menu \
for Process A 110 2 Rows of Activate Icon
Primary TNIabs on Tabbed Form for Process B
Window
PANEL 3
v Process A Display Layout v Process B Display Layout
— [ Additional p— [ Additional
V\zﬁgzwary Primary Secondary | V\ﬁﬁgzwafy Primary Secondary |
(CoTS or Window | Dialogs/ | Windows (COTS or Window |Dialogs/ | Windows
HTML apps, Message| (if justified) ' HTML apps, Message| (if justified) '
or otherwise| ‘ or otherwise ‘
justifiedy ) J- - — - - justifiedy )  _ J- - — - -

Figure 2.2.2.5-1. lllustration of Hypothetical GUI Screen Layout Concept
Using Tabbed Form Navigation Technique

2.2.3 Measures of Effectiveness (MOE) for CRT and GUI Screen Density

Screen dendty is a cdculation of the propottion of display charader postionsin the
screen or an area of the screen (i.e, a window) containing something. When screen
densty exceals catan limits, then the resulting displays bemme increasingly more
cluttered and complex for usersto use. Screenswho< screen dengty is within the limits
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are accetable. Screens whose screen dengty excedl (is greaer than) the limits require
redesign to reduce apaent screen complexity. Acceptable screen densty is defined
below.

2.2.3.1 General Principles

- Provide only information that is esential to making a dedsion or peforming an
action. Do not flood a user with information.

- Provide d daarelated to onetask on asingle screen. The user should nothave to
remember data from one screen to the next.

- Maintain oveaall dengty levels of lessthan 25%to 30% with a maximum wlerable
upper limit of 50%.

2.2.3.2 MOE for overall screen density

Overall screen dengty is a measure of the percentage of alphanumeric charader postions
onthe entire screen containing data. There ae two methodsavail able for cdculating this
MOE.

Method Afor computing the overall CRT dengty. In thefirst method,four stepscdculate
overall CRT display density.

1. 'Rubbe band'thepottion d the CRT display tha containsdaa. Calculate its area
in squae inches. Theresult is used as the denominator in the ratio equdion for
overall CRT density.

2. Estimate the number of text charaders contained in the display usng oneof the
following two procedures. (a) Count he atud numbe of text charaders
displayed on te screen. Or, (b) cdculate the numbe and length of all rows of
text of a given standad text size and multiply the result by the gpropnate
estimated nunbe of text charaders per squae inch of a given Font Point (see
Table 2.2.3.21). Theresult of (&) or (b) is used as the numerator in the ratio
equation for overall CRT density.

3. Cadculate oveadl CRT dendty by dividing the result of step 2 by the result of
stepl1l

4. If theratio is > 50% then thewindow screenson thedisplay mugt be modified. If
the ratio is <50% but greder than 25% then consdeation should be given to
modifying the window screens on the display. If theratio is < 25% then stop.
The density is well within tolerances.

1If the overlap between two or more open windows is greaer than 10%, then Method B, described onthe
next page, shoud be used to cdculate overall window screen layout density first for all windows displayed
on the CRT.The sum of all window screen densities is then used as the measure of overall CRT density.
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Method B for computing the overall windowscreen dengty. In the seoond method, four
steps compute the overall screen density of a window area on the display.

1. 'Rubbe band' theportion ofthewindowdisplay areatha containsdata. Calculate
its areain squae inches. This value represents thetotal avail able window display
area ad is used as the denominaor in the ratio equdion for overall window
screen density.

2. Meaure the length of ead row of text (induding text fields indde text
entry/seledion boyes) ininches. Sum all row lengths of the same font type (fixed
or propotiond) and font size Determine row height by looking up he row
heghtvauein Table 2.2.3.24 for eat Pedfied fonttype and sze Multiply row
height by total row length for ead fonttype and size Do this for every fonttype
and size of eat type used in the window display area Sum all results to creae
the total number of square inches used in the window display area.

3. Caculate theoveral windowscreen dengty by dviding theresult of step 2 bythe
result of step 1.

4. If theratio is >50% then the window screenson the display mugt be modified. If
the ratio is <50% but greaer than 25% then consdeation should be given to
modifying the window screens on the display. If theratio is < 25% then stop.
The density is well within tolerances.

Table 2.2.3.2-1. Look-Up Table for Number of Text Characters per inch,
given a specified Font point size. 2

Font Size Font Height in Font Height in
(in Points) Inches; proportional Inches; fixed fonts
fonts (helvetica) (lucida sans
typewriter)
8 0.1250 0.1250
9 0.1250 0.1250
10 0.1250 0.1250
11 0.1250 0.1875
12 0.1875 0.1875
14 0.1875 0.1875
18 0.2500 0.2500
20 0.2500 0.2500

2These measurements were recrded from a SUnNSPARC 10 workstation, running Open View 3.3, Motif
Version 1.2.Standard fonts were displayed using Builder Xcessory 3.5.1.
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2.2.4 Window, Menu, Control Button , and Dialog Selection and Design

Beyond the iconic representation of objeds, OSHMotif identifies sandadized sets of
tools (induding: windowing, menu, control, and interadive diadlog optong for use by
GUI developeas and programmers in the rapid development of ‘friendly’ methodsof user
interadion with the @omputer. These methods of interadion indude (1) seledion of
items from menus and submenus that pull down, pop up, ad/or cascade from other
menus (2) adivation of fundions by mouse-click on avariety of types of buttons and
other controls, (3) reading/seledion/entry of text in a wide range of types of
windows/dialog areas; and (4) combinaionsof these screen-based controls and displays.
Sedion 2.2.4.14 mvides dedsion aids, in the form of logic diagrams, to assst GUI
developasd/programmers in seleding among windows/dialogs controls, and control
groupingwidges. Theuse of theterm widge or widge sets in this Style Guide refers to
screen elements and colledions of elements in windows, menus controls, and dialogs
developed using the selected GUI builder tool.

Windows. The following specific guidelines are associated with windows:
2.2.4.1 Primary Window

The primary window (the window from which al other windows are generated in an
application) should possess the following characteristics and behaviors:

» Opeatorsusers $ould obgrve tha all ECS workbench applicationsopen with a
primary window.

- The primary window should be the first window displayed.
- One primary window per application is recommended.
- An application can only be closed from the primary window.

- A primary windowmay contain dialogs lists, boxes, controls, and aher elements,
as subsets.

2.2.4.2 Secondary Windows

The seoonday window(s), (context-spedfic dialogstha usudly ocaur ingde windows),
should possess the following characteristics and behaviors:

- Sewmnday windows dould always be adated with a parent window, usudly
the primary window.

- Sewmnday windows may have seconday windows, however, it is poor form to
have more than 3 hierarchicd levels of windows (i.e.,, oneprimary window wth
two secondary windows, with one subordinate to the other).

- Semnday windows may contain a variety of widge types (e.g., boxe, diaogs
menu3g
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Menus. The following specific guidelines are associated with menus:
2.2.4.3 Pop-up Menus
Pop-up menus should be restricted to the following types:

- option (parameter) selection for both objaectl process icons

- root desktopvindow management

- gspeda pumpose didog boxe (as defined within the Motif 1.2 Syle Guide) which
are athe dda or text intendve [e.g., (1) seledion of a phrase from a list of
comnmon phises; (2) entry of a scdar vaue (3) use of a dide ba as in color
seledion by opeatorsusers; (4) tailoring of an andysis in which daa from one
objed is 'droppeal’ into another objed - by means of icons- and the opaator/user
must configure the analysis parameters or enter additional data].

Pop-up menus $ould be aranged verticdly only (i.e.,, avoid the use of horizontal pop-up
menus).

2.2.4.4 Pull-down Menus

Pull-down menus which appea verticdly when menuba pushbutions (cascadebuttons
are atuaed, should be used generdly for applicaion management and arganizing access
to the mog comnon feaures of an applicaion (e.g., hép, font seledion for text
processing operations).

2.2.4.5 Application Menus

Applicaion spedfic opeaations $ould geerdly be restricted to aduaion through the
applicaion window - and notaduaed through the root window. Note however, tha
applicaion window management (opening/cloang of windows) can ocair through root
desktoppop-up menussince these operations are not application specific.

2.2.4.6 Multilevel Menus

Multilevel menusinvolving pul-down or pop-up menus $iould employ cascading menus
for al submenus Multilevel menusshould in general employ no nore than two levels
(i.e, onemain and a single cacading menu). However, the main menu may have more
than one cascading menu.

2.2.4.7 Lotus-style Menus

Lotus-style menusinvolve the gplicaion o submenu bers, the ontent of which changes
as main menu items are seleded. This menu style should bereserved only for common
applicaions(e.g., Lotus 1-2-3) tha already employ them. They should be aoided in all
other circumstances.

2.2.4.8 Full-screen Menus

Full-screen menus (e.g., full-page text menu from a dharader-based user interfacg are
unnecssary for all uses, unless the naure of an applicaion cdls for thar use or
opeaorsusrs have pedations tha they should be @&ailable. However,
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opeaators/users dould bepemitted to resize windows to encompassthe entire screen on
demand.

2.2.4.9 Function Keys

Funaion key opeations (as substitutions for menug are genegaly unnecssary dueto
the use of keyboad accéerators pamitted unde Motif. Therefore, al ECS applicaions
should avoid theuse of speaal fundion keys. Fundion keys (paticularly in combinaion
with simultaneous key presses of other keys) may be used, however, as a means to
establish keyboad accéerators in addition to menu seledions by means of mouse
operations as permitted in the Style Guide.

Motif does reserve the use of some fundion keys as sown in Table 2.2.4.91. These
fundion ke/ reservations $ould be respeded in al applicdions  Keystroke
combinaionscongsting d afundion key and either <Control> or <Shift> keys, have not
bee assgned. Additiondly, workstation keyboads producel by diferent manufacurers
indudenumerous peda fundion keys not standad on dl keyboads Avoiding theuse
of such speda fundion keyswill hdp ensure that ECS applicaionsare fully operable on
all workstations regardless of manufacture.

Table 2.2.4.9-1. Motif Function Key Reservations.

Function OSF/Motif OSF/Motif Function OSF/Motif OSF/Motif
Key Assignment Assignment Key Assignment Assignment
(no modifier) (<alt> mode) (no modifier) (<alt> mode)
<F1> Help - <F7>
<F2> - - <F8>
<F3> - Lower <F9> Minimize
Window
<F4> Prompt/Pop-up Close Window <F10> Switch to menu | Maximize
Menu bar Window
<F5> - Restore <F11>
Window
<F6> Switch window Switch Window <F12>
panes

2.2.4.10 Mnemonics

Mnemonics should be enployed to identify keyboad acceerator keys which ad as 'hot
keys for experiencal users to adivate menu ogtionswithouthaving to traverse menusby
means of mouse opeaations The mnemonic should be #&phaeic charaders only and
should beidentifiable a the undelined charader in eadch command nane ontained in
menus Preferably, the mnemonic should be the first letter (case insengtive) of the
command nane. However, it is undestood tha multiple ocaurrences of the same
aphabeic chaader will ocaur in the same menu. In this event, a ®nonant charader
later in the ommand name should be seleded as the mnemonic and therefore be
undelined. Fundion keys $hould be seleded in acordancewith the Style Guidein order
to aduae the @mmand. For example, the <Ctrl> key and the letter 'N' could bepressd
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simultaneoudy to adivate the @mmand 'NEW' on he 'FILES menu in ode to clea
memory of all daa presently locaed therein. Table 2.2.4.101 lists suggested keyboad
acceerators for ECS. Threeof the suggested acceerators result in adionsdifferent from
those suggested in prior versions of this Style Guide they are <Ctrl>d, <Ctrl>h, and
<Ctrl>r. These changes, shown in the table, reflect compatibility with. CDE

Table 2.2.4.10-1. Suggested Keyboard Accelerators for ECS

Recommended Accelerator Action

<Alt>F4 Close active window, does not exit the application unless it is
the only window

<Delete> D_elete selected text, graphic, or object without copy to
clipboard

<Ctrl>/ Select all

<Ctrl>\ Deselect all

<CtrI><BackSpace> Change permissions

<Ctrl>a Save as

<Ctrl>c Copy selected text or graphic to clipboard

<Ctrl>d Go down in folder hierarchy

<Ctrl>f Find file

<Ctrl>h Go to home folder

<Ctrl>n Start a new document

<Ctrl>o Open a document/file

<Ctrl>p Print data entr_y values or active file contents (not a graphical
dump of the display)

<Ctrl>q Quit the current application

<Ctrl>r Replicate (duplicate) selected text or graphic

<Ctrl>s Save current document/file

<Ctrl>t Open a terminal in the desk top

<Ctrl>u Go up in the folder hierarchy

<Ctrl>v Paste copied/cut text or graphic from clipboard

<Ctrl>w Close a file without closing the application

<Ctrl>x Cut selected text or graphic to clipboard

<Ctrl>z Undo last operation

Controls. The following specific guidelines are associated with controls:
2.2.4.11 Radio Buttons

A radio butbn is a symbol placal to the left of a menu choice (option) in a single-
seledion field. It is either 'on' (true - pushed in/deented) or 'off' (false - extended). Its
fundionis gmilar to tha of abutton ona ca radio: only one radio buton may be adive
a a time in a menu containing radio butbns Menu opeations may be used by
themselves to provide this type of control option.

ECS User Interface Style Guide 21 410-TD-001-003



2.2.4.12 Push Buttons

A pudh butbn is used for adions tha ocaur immediately when the push butbn is
selected.Use push buttons in pull-down menus

2.2.4.13 Check Boxes

A ched boxis asymbol used for multiple-choice seledions When users sled a coice
(option), the dedk box gpeaance hanges (usudly an X' gpeas in the dedk box).
More than one check box may be active at a time in a single menu or lailog

2.2.4.14 Control Groupings

Similar or related controls should be groupeal degpending upon har frequency of use ad
the etent to which controls mug remain reaily avail able to opeators/users. If controls
are frequently used and mug remain redaily available, then the ontrols ould be
groupal and locaed on he gplicaion main window. Othewise, the ontrols ould be
made opaator/user accessble through pultdown or pop-up menusand goupel togeher
in group boxes or control panels.

Dedsion aids for seleding menus, dialogs and controls. Two dedsions aids are
avail able for GUI developeas/programmers to chooe anongthetypes of tools to develop
ECS opeaator/user interfaces. The first dedsion aid presents a series of heuristics in
guestion and answver form within the structure of atop-down flow diagram. The puipose
of this dedsion aid is to provide programmers the gpropriate rules for seleding among
the available menu and dialog structure options The programmer should familiarize
himself/herself with the dedsion aid and hare agood undestanding of the opeaations
users will peform in ode to acomplish assgnal tasks. It is on this basis tha the
seledion d tools will bebest acoomplished. Figure 2.2.4.141 presents this dedsion aid.
Once seleded, these deasions $ould berevisited by the programmer. As the human-
madine interface for a spedfic gplicaion evolves, its dructure may beome
increasingly complex and would therefore bemme a cadidéae for a restructuring of the
interface permitting more optimal menu and didmgputs.

This decision aids based on the following assumptions:
- Pull-down menusire the backbone of the menu structure of each application.
- Pop-up menus are restricted as described in guideline 2.2.4.3.

- Some menu and dialog structures are mwngdeed indgendent of this dedsion
logic. These include:

- lconson the desktop

- Message box (computer-generated alert automatically presented to users during

interactive session with the workbench).

The second decsion aid is gructured similarly to the first. The purpos of the second
dedsion aid is to provide programmers the rules for seleding among the aailable
controls for use in menusand dialogstha allow users to manage ther adivities within
applicaions The gproad applied to the use of thefirst dedsion aid should be used by
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programmers in applying the semnd decsion aid. Figure 2.2.4.142 presents this
dedsion aid. Agan, programmers are reminded tha improved seledions and
arrangament of controls, menus and dalogswill be e/ident as the design evolves, and
programmers are therefore encouraged to revisit ealier seledions for the mog optimal
presentation.
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answering the questions below.

Consider the nature of the user task (operation) being performed when

Are Users Required
to Enter a Value Yes

Dialog Box
from a Range of - ) B
Values by Adjusting Containing
a Scale? a Scale
2.0

*No

Are Users Required
to Make Selections:

a) Frequently, or

b) Several at Once, | Yes | Control
or —  Panel

¢) Currently Using 3.0.
Mouse in Control
Panel which
Modify
Relationships
Within an
Application? 3.0

No

Are Users Required
to Select from a
List of Six But
Not More than 12
ltems?

Yes
L[ Option

4.0
No

Isa Menu Does the Menu Use:

Are Users Required | Yes |  Required for Contain a
to Remain Focused = Temporary Use Series of - Cascading

on Their Work? in a Specific Sclomplex7 Menus

? elections?
10 Context? 2

No No No

(0R)
No

Figure 2.2.4.14-1. Decision Aid for Selecting Menu and Dialog Structures
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to Perform an

Are Users Required

Immediate Action?

7.0

| Yes

Message
Box

7.0.

Does the Menu
Contain a Series of
Complex
Selections?

8.1

Use:
No
Combined
Are Users Required Yes |List & Entry
th)ES_eI(_ect f[_om ?n Yes Is Incremental — | Boxes
o r?]I:ttergt islstgn p»| Search or Automatic 51V
or Variable in ’ Entry Required? /F\
Length? 51
50 No List Box
P
No
5.1.2
Use:

Are Users Required Is Incremental Combined
to Enter Text Yes . Yes List & Entry
(extrinsicto a P Search or Autpmatlc ‘ P> Boxes

document) Entry Required? 6.L1
6.0 6.1
No Use:
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Figure 2.2.4.14-1. Decision Aid for Selecting Menu and Dialog Structures
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Consider the nature of the user task (operation) being
performed when answering the questions below.
Are Users Required ( Use: \
to Select One '
Mutually Exclusive Yes Rad
Option from a List ~ —Jpwm B it 0
of Mutually ution
Exclusive Options?
1.0
\ 1.0.1)
* No
( . )
Are Users Required Are Users Use:
to Select at Least Vs A Retqltgred tt(') t Ves
One Option from a clivaterde-activate Check
List of Options? P> Each Option — | Butons
Through Toggling?
20 21 211
$ No * No
Are Users Required Use: Use:
to Select Several
Options from a List Yes | Group Box Push
of Options — | with Push Buttons
(Especially When Buttons
Space is Limited)?
3.0 \ 301 ) \ 212 )
v No
Are Users Required
to Select Many
Options from a List Yes List Box
of Options?  -—m~| yjth Check
Buttons
4.0.1
Push
Buttons
5.0.1

Figure 2.2.4.14-2. Decision Aid for Selecting Controls and Control
Groupings
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2.2.5 Location of Screen Elements on the Screen and in Primary Windows

Thelocaion o screen elements for applicaions $iould be standad to the extent feasible.
The common elements of a CHGUI screen are:

screen title

screen identifier or ID (e.g., title or identifying data & uppe right comer of client
area)

client area or screen body, including:

captions

data

section headings

completion aids

prompting

status lineor instructional messages (optional)

help (located orHelp pull-down meny

error messages (located on status dineppearing in separate message boxes)

command area (if applicable; normally used only in ChUIs)

Table 2.2.51 presents the preferred locdion for ead of the dements listed above
Column 2 pesents the preferred locaionsfor e ements in a window environment, while
column 3 pesents the preferred locaions for elements in a ChUl (e.g., full screen
display) or full-screen window environment (or nealy so). These locaion conventions
for afull-screen environment presume anomind 244ine CRT display. Other screen sizes
should be epandel (or reduced) propottiondly. Seesedion 3.4.1for further information
and representation of layout for elements on the screen in a GUI primary window
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Table 2.2.5-1. Screen Element Locations for Applications

LOCATION IN WINDOW LOCATION IN FULL SCREEN
SCREEN ELEMENT ENVIRONMENT ENVIRONMENT
Screen title title bar of window upper center
Screen identifier or ID upper right hand corner of client area |upper right hand corner
Status or error messages | status or message line (optional) at line above the command field or
the bottom of the window; or separate |function key description line (on a 24
message box as needed line screen this is line 23)
Help extreme right hand corner of window | bottom line of the screen
menu bar
Command area bottom of the client area, if used bottom line of the screen
Screen body (or Client operator/user work area inside the lines between title and message line
Area in the Motif primary window (lines 3 to 22 on a 24 line screen)

environment)

2.2.6 Graphical Interaction Techniques for Interaction Tasks

Graphicd interadion tasks describe opeations peformed by opeators/users to enter
symbols usng a variety of possble input devices which cause: (a) the atuaion of
computer commendsl and (b) the manipulation o graphicd objeds. For the puposes of
these guiddines, graphicd interadion tasks apply genericdly to the broadest class of
ECS usersThis includes the following task types:

- seledion -- highlighting by degging the arsor over the material to beseleded,
either by usng the mouse with the left button deressd or by usng the arow
keys with the shift key hdd depressed (this is the OSHMotif objed-seledion
model)

- gquantification-- selection or keyboard entry of numerical data in data &etds
- text entry-- selection or keyboard entry of alphanumeric data in data feltg.

These tasks primarily suppot the use of text-based applicaions For implementation of
interadion tedhniques and input nedia, Builder Xcessory provides widgds with ddault
interactionprocesses.

1 1t shoud be noted that the lexicon o graphicd interadion tasks does nat include data entry operations
such as wordprocessng, spreadshed development, and computer programming (among dhers) per se.
Rather, the focus is on computer commands (which may and are anticipated to occur in data entry) that
result in user-computer interactions
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The programmer is encouraged to beome familiar with these tasks and techniques. The
optimum seledion of a spedfic technique has been daermined empiricdly by human
fadors reseach. These guiddines have been extrapolated from tha reseach for use by
programmers in making input device selections.

2.2.7 Other Human-Machine Interface (HMI) Considerations and Standards

The HMI consdeations discussd in this sibsedion are intended as conventionsto be
applied to the development of ECS user interfaces. These conventionsare drawn from
applicable human fadors engineeing standads affeding the gpeaance ad control of
theHMI. These conventionsare aurrently in no paticular order, and will be extended as
the need arises.

2.2.7.1 Character sizand fonts

Fonts dould beseleded to fadlit ate menu and labd legibility and improve text seach
and sorting task paformance In genaa, ECS applicaions $dl use fixed width fonts,
speaficdly ludda sanstypenriter, with at least 18-point charader size for menus and
labds, and at least 12-point chaader size for lists. If a cwmpdling reasson predudes
meding these standads Appendix D provides additiond guidance for required pixel
matrix, character stroke width, and character height to width ratios.

2.2.7.2 Use of Color

Two cautions $ould be observed in the use of color coding. First, a relatively large
percentage of opaators/users (particularly men) will be olor we&k. Sewond, the ®lor
asdations among opeatorsusers sould beremgnized and reinforced (not violated).
In generd, it isrecommended that all software be programmed for use on monodiromatic
CRTs (even thoughit is undestood tha color CRTs are prevalent). This ensures that
color is not the dominant or sole @mding techniqueused on CR's. Color coding should
be used as an additiond coding techniquein combination with other traditiond forms of
coding (i.e, size ling patern/locdion, gemetric shgpe flash, auditory, brighthess
intengty, symbol, nunber, letter, and word coding). Therefore, the use of color as a
coding technique is authorized as long as the following criteria are met.

- The meanings shown below are reserved for each of the following colors:

- RED - should be used to indicae mnditions sich as "no-go", "error”,
"failure", and malfunction”.

- FLASHING RED - should be usd only to denote anergency conditions
requiring immediate opeaator adion, orto avert personné injury, equipment
damage or both. (In gened, it should be obvioustha this will rarely - if
ever- be used in ECS.)

- YELLOW - should be used to indicae margind conditions or to aert
situations where caution, recheck, or unexpected delagcessary.
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- GREEN - should beused to indicae tha monitored equipment/processes are
within toleranceor a mnditionis satisfadory and that it is al right to proceel
with an operation or transaction.

- WHITE - should be used to indicae system conditions tha do not have
opeaability or safety implicaions but ndicae dternaive fundions (e.g.,
"Printer #2 on-line").

- BLUE - may beused as an advisory color, preferential use of blue should be

avoided.

- The olor combinaions $iown in Table 2.2.7.21 should be onsdeed when
asembling foregroundbadground paingsof colors. 'Good' foreground colors
(meaning: acceptable paring) as well as 'Poor foreground colors (meaning:
unacceptable pairings) are listed for each background color shown.

Table 2.2.7.2-1. Acceptable and Unacceptable Foreground Color Choices

Based on Given Background Colors

BACKGROUND COLOR

GOOD FOREGROUND
CHOICES

POOR FOREGROUND
CHOICES

magenta; red

Black bright cyan; bright white; cyan; blue; brown; magenta
green; white; yellow
Blue bright white; white; yellow black; bright red; brown;
magenta; red
Brown black; white; yellow bright blue; bright magenta;
magenta; red
Cyan black; blue; bright white; brown; | bright green; bright red; bright
yellow magenta; green; red; white
Green black; bright white; white; yellow | bright red; cyan; magenta
Magenta bright magenta; bright white; blue; bright blue; green; red
white; yellow
Red black; bright cyan; bright blue; bright blue; brown; magenta
magenta; bright red; bright white;
green; white; yellow
White black; blue; bright blue; brown; cyan; bright cyan; bright magenta;

bright red; green; yellow

2.2.7.3 Words to avoid as commands

In some situaions a command line mode of opeaator/user interadion will be used in
place of mouse interadions (e.g., a COTS/OTS produd tha cannot be modified that

employs a command line).

In these situaions the following gudance should be

employed regarding command word choice Thelist of unaccetable words contained in
Table 2.2.7.31 should be aoided when creding commands such as are used in
command languayes. These words convey ethe negaive, vague or ambiguous
meanings to opeators/users tha should be aoided. For eat unaccptable word, the
table identifies one or more suitable alternatives.
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Table 2.2.7.3-1. List of Unacceptable Words Used as Commands
and Suitable Alternatives

UNACCEPTABLE WORD ACCEPTABLE WORD(S)
Abend End, Cancel, Stop
Abort End, Cancel, Stop
Access Get, Ready, Display
Available Ready
Boot Start, Run
Execute Complete
Hit Press, Depress
Implement Do, Use, Put Into
Invalid Not Correct, Not Good, Not Valid
Key Type, Enter
Kill End, Cancel
Output Report, List, Display
Return Key Enter, Transmit
Terminate End, Exit

2.2.7.4 System Response Time

System responsveness $iould match the speal and flow of human thought processes
(paticularly human short term memory). Condant ddays (for the same opeationg are
preferable to variable ddays. The schedule shown in Table 2.2.7.441 is a wmpilation of
the maximum tlerable respons times (Max. RT) as well as optimum (read: preferred)
responge times (Opt. RT). These aiteria should be used as guidance but ther violations
should not be an accident of design.
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Table 2.2.7.4-1. Maximum Tolerable and Optimum Response Times for
Generic Operations Performed by Computers in Response to Operator

Tasks (Sheet 1 of 2)

OPERATION

RESPONSE TIME

COMMENTS

Browsing/scrolling

Max RT: 1.0 sec

NOTE: See also Page Turn &
Page Scan

Command Language: Dialog Type

Max RT: 2.0 sec
Opt RT: 0.5 sec

Control Response Time: Variability

a. 0to2sec
Max Tolerable: < 5%

b. 2to 5 sec
Max Tolerable: <10%

c. >5sec
Max Tolerable: <15%

Cursor: Full Screen Traversal

Max RT: 0.5 sec

Data Entry

a. Within a transaction
Max RT: 6.0 sec
Opt RT: 4.0 sec

b. After transaction completion
Max RT: 15.0 sec

Data Field Entry

Max RT: 0.2 sec

Drawing/Sketching

Max RT: 0.2 sec

Error feedback

Max RT: 2.0 sec
Opt RT: 0.25 sec

Feedback

a. that ID# is correct length/format
Max RT: 0.5 sec
Opt RT: 0.25 sec

b. That ID is accepted
Max RT: 2.0 sec
Opt RT: 0.25 sec

File Update

Max RT: 10.0 sec

Form Filing: Dialog Type

Max RT: 2.0 sec

Function Keys: Dialog Type

Max RT: 0.2 sec

Function Selection

Max RT: 2.0 sec

See also: Request for Service

Graphic Interaction: Dialog Type

Max RT: 0.2 sec

Host Update

Max RT: 2.0 sec

Inquiry (Complex)

Max RT: 10.0 sec

NOTE: See also Request for
Service (b.) for conflict

Inquiry (Simple)

Max RT: See Request for Service a.)
Opt RT: Ibid
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Table 2.2.7.4-1. Maximum Tolerable and Optimum Response Times for
Generic Operations Performed by Computers in response to Operator

Tasks (Sheet 2 of 2)

OPERATION

RESPONSE TIME

COMMENTS

Key Print (echo)

Max RT: 0.2 sec

Key Response

Max RT: See Response to control
activation

Lightpen Positioning

a. Menu Selection
Max RT: 1.0 sec

b. Cursor Positioning
Max RT: 0.1 sec

Local Update

Max RT: 0.5 sec

Logon/initialization

Max RT: 30.0 sec

See also: System Activation

Menu Selection: Dialog Type

Max RT: 0.2 sec

Natural/Query Language: Dialog Type

Max RT: 0.5 sec
Opt RT: 0.2 sec

Page Scan Max RT: 0.5 sec
Page Turn Max RT: 1.0 sec
Pointing Max RT: 0.2 sec

Question and Answer: Dialog Type

Max RT: 2.0 sec
Opt RT: 0.5 sec

Request for service

a. Simple (frame already exists)
Max RT: 2.0 sec
Opt RT: 0.25 sec

b. Complex command
Max RT: 5.0 sec
Opt RT: 2.0 sec

Response to control activation

Max RT: 0.1 sec

Response to Simple Display Request

Max RT: 1.0 sec
Opt RT: 0.5 sec

System activation

a. Engage ON button
Max RT: 5.0 sec
Opt RT: 0.25 sec

b. Request to contact the system
Max RT: 5.0 sec
Opt RT: 2.0 sec

User intervention in an automatic
process

a. Acknowledgment of command
Max RT: 2.0 sec
Opt RT: 0.25 sec

b. Able to excuse command
Max RT: 5.0 sec
Opt RT: 2.0 sec

XY Entry

Max RT: 0.2 sec
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3. ECS User Interface
Specifications/Characteristics

This ®dion povides deail ed speafic guidance oncening ECS opeator/user interface
components, induding windows, color schemes, daa manipulation, taloring, and
keyboad shortcuts. It first introduces the widgds sleded from the ICS GUI Builder,
Builder Xcesory, Version 3.5, br use in development of the ECS GUI (seeFigure 3-1
for illugration of the main elements of the Builder Xcesry tool). This is followed by
detailed discussion of the application of these widgets to create interface components.

Palette | ' Browser [tmp_mntICS/Users/alex/bXsave uil]
P EAl Sew Prnct Opams  bwngos Sndoe ey

] e ] ||l | Aeee] o] ] ] o]

Figure 3-1. Major Elements of Builder Xcessory  Tool
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3.1 Widgets

This guide groupsthe widgés to be used in developing ECS opeator/user interfaces into
four categories:

- windows

- menus

- controls,and
- dialogs.

It is important to use widgds for thar intended fundions For example, a RadioButton
should na be used to adivate aPull-Down Menu. Switching the behavior of widges will
only confuse the opeator/user and ddea the pumpos of uang the interface standads
The information in the following sedion ha been abdraded from the Open Software
FoundationrOSF/MotifStyle Guide

3.1.1 Windows

A window is a redangular subset of the display screen tha contains information and
widgds tha are responsve to user keyboad and mouse input Table 3.1.141 summerizes
the Motif windows tools, ther fundions the GUI builder and window manager widge
equivalents and asdations for ead Motif tool, and the locaion of the tool in the
OSHMotif Style Guide Eadh of the ICS Builder Xcessory widgds that are equivalent to
or are avdated with the Motif windows tools are defined in the following
subparagraphs, with the following exceptions:

e Radio Box - defined in section 3.1.2, Controls.
e Scrolled Text - defined in section 3.1.4, Dialogs.
e Scrolled List- defined in section 3.1.4, Dialogs.

e Scale- defined in section 3.1.4, Dialogs.
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Table 3.1.1-1. Workbench Windows, Their Use and Associationse

BUILDER XCESSORY/! WINDOW

TOOL NAME FUNCTION MANAGER EQUIVALENTS AND MOTIF
ASSOCIATIONS PAGE #
Primary Window | The window from which all other TOP LEVEL SHELL 3-3&3-4
windows are generated in an - Main Window
application. The primary window is | _ gjietin Board
thg first w!ndow d|splayeq. Qne_ - Scrolled Window
primary window per application is )
recommended. An application - Paned Window
can only be closed from the - Form
primary window. - Row/Column Form
(A primary window opens - Frame
automatically upon beginning
application development, and may
contain dialogs, lists, boxes, etc...,
as subsets).
Secondary Context-specific dialogs usually MAIN WINDOW 3-4
Window occur inside secondary windows, BULLETIN BOARD
called dialog boxes. Secondary SCROLLED WINDOW
w!ndows are alyvays associated PANED WINDOW
with a parent window, usually the
primary window. Secondary FORM
windows may have secondary ROW/COLUMN FORM
windows, however, it is poor form | FRAME
to have more than 3-levels of
windows (i.e., one primary window
with two hierarchical secondary
windows is permitted.)
Container Holds controls. Generally, DRAWING AREA 5-2 to 5-9
Window container windows may occur in RADIO BOX
primary or secondary windows; @ | gCROLLED TEXT
Tngtack, howeyer, is associated SCROLLED LIST
with a primary window.
SCALE
TABSTACK

MainWwindow A MainWindow provides a format and oilganizaion (size and extent) for
the aplicaion (see Figure 3.1.14). The options available for a
MainWindow indude numerous other windows, menus controls, and oher elements for
credion of screen layouts. The MainWindow is typicdly the first widge seleded and

the ontents of

applied in an applicaion.

For example, the MainWindow may contain controls for

accessng the primary ECS fundionsand for viewing the mog frequently accessed déaa,
such as geographic areas.
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v Top Level Shell

Eile Edit Help

MainWindow

/

Command Area:

Message Area.

Figure 3.1.1-1. Sample Screen lllustrating Use of MainWindow

SaolledWindow A ScrolledWindowis aso used to frame wmponents. When the aea
ddined in the ScrolledWindow is too small to display the entire wmponent set,
ScrollBars are used to scroll to the unseen componeits as siown in Figure 3.1.12.
ScrolledWindows should be used to display large sets of non<criticd daa and controlsin
a limited space.

>

K 1>

Figure 3.1.1-2. ScrolledWindow

Form, Bulletin Board, and Rw/Colurm Form. This group ofwindow widgds are used
for organizing components into groups Forms dhould beused for window badkgrounds
becaise widgds can be @#tached so that they can resize with the form. Bulletin Boards
are primarily used for Dialog Boxes and as a genega container widgd. Row/Column
Formsare used to organize subordinate widgets into either rows or columns.
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DrawingArea. DrawingAress are used to give opegators/users a means to provide
graphicd input and to display badkdrop gmphics. The graphics may or may not be
editable. A DrawingArea may be used as a badkground for graphicd images. For
example, Figure 3.1.1-3 shows an image depicting adisptayed on a DrawingArea.

Figure 3.1.1-3. DrawingArea

PanedWindow The Paned Window is an organizaion of components usng sashes as
sepaators. Theopeator/user can movethe sashes to resize paned areas while thewindow
size remains condant (see Figure 3.1.14). PanedWindows should beused to organize
components into distinct sections which can be selectively shown and hidden.

<7 Paned Window <7 Paned Window

|

-
1

i

12345678910 12345678910

[

Figure 3.1.1-4. PanedWindow

ECS User Interface Style Guide 39 410-TD-001-003



Frame. Frame objeds provide bordes to frame componets to provide asense of
grouping (seeFigure 3.1.15). To frame agroup d components, they mug first be placel
onamanage (e.g. form) and then the manager is placed on theframe. A frame can only
have one subordinate widget.

Frame | 1 2 3 4

Figure 3.1.1-5. lllustration of the Use of a Frame

Button Box, Icon Box, Toolbar, and TabSack A Button Box provides a ontainer for a
row of buttons aong the bottom or side of a diadog box. It enables resizing and
relocding the buttons as necessary. An Icon Box provides a similar container, but he
objedsin it arelaid outon agrid, and nav cdls are alded automaticdly when itswindow
isresized. It dso has condraints tha force eah contained objed to bethesame size A
Toolbar aso provides a awntainer for buttons and it enables the use of pop-up labds (see
Figure 3.1.16) tha appea when the arsor is placal ove the ontained obeds. A
TabSadk provides a means of simulating a stadk of tabbed folders or dividers with tabs
aongthetop, botom, or side of awindow (seeFigure 3.1.17). It enables the use of an
icon and label on the "tabs" to represent what is to be selected.

Toolbar
—— —— ——
I E— E— *
\ Print_| <@—— Pop-up Label

Figure 3.1.1-6. Pop-up Label
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Tabs for Stacked Forms

A

<«¢——— Tabbed Form

Figure 3.1.1-7. TabStack

3.1.2 Menus

"Menus are the primary means of organizing...[an]...gplicaion’s feaures. Becaise of
screen size limitation and visud simplicity, Menus organize both components used
frequently by users and components used in mog applicaion sessons” (Open Software
Foundation, 1991).

Themouse airsor should beplacal either on the asgned ddault vdue for the Menu, or
onthefirst entry of the Menu whenever aMenuis adivated. Mnemonics and acceerators
should beindudel to provide epert shortcuts to Menu elements (see Figure 3.1.21).
Mnemonics are keyboad keys asdated primarily with Menus Mnemonics are shown
as a single undelined charader. An accéerator is a key, or key combinaion, which
adivates afundion from the keyboad. Using letters from the Menu items for mnemonics
and acceerators make them easier for the user to remember (Open Software Founddion,
1991).

Mnemonic —.LET

Copy... Ctrl+ C
Cut ... Ctrl + X Accelerators
Paste . .. Ctrl +V

Figure 3.1.2-1. Mnemonics and Accelerators
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Open Software Founddion (1991) ecmmendsthe following when designing Menusfor
an interface:

» Keep Menu structures simple.

» Group like Menu elements together.

» List Menu selections by frequency of use.

* List Menu selections by importance or order of use.

» Separate destructive actions.

* Provide mnemonicand accelerators.

* Menu structures should be limited to two or fewer levels deep.

As fiown in Table 3.1.24, there ae four types of Menus Threeof the menushave an
equivaent in the Builder Xcesory tool. The fourth menu is a cgability of the Motif
windowmanager, and therefore, na a part of this description o workbench widgeds. The
table describes the Motif menu tool, its fundion(s), equivaents and assodations of the
Builder Xcesory tool and the window manager, and the locaion of the menu tool in the
OSHMOTIF Syle Guide Ead ofthe Builder Xcessory widgdsthat are the ejuivaent of
or associated with each Motifenu tool are defined in the following subparagraphs.

Table 3.1.2-1. Menus, Their Use and Associations

BUILDER XCESSORY/WINDOW
TOOL NAME FUNCTION MANAGER EQUIVALENTS AND MOTIF
ASSOCIATIONS PAGE #
PULL-DOWN MENU
Cascading menu | Submenu (child) - pull-down menu 4-10
POP-UP MENU 4-13
- pull-down menu 6-2
OPTION MENU: 6-5..
- pull-down menu
- pop-up menu
Pop-up menu List of selections associated with [ POP-UP MENU 4-10
application - pull-down menu 4-13
Pull-down Menu Menu PULL-DOWN MENU
- pull-down menu 6-2..
- client application
Workspace menu | Pop-up menu for managing WINDOW MANAGER: 6-4..
workspace function - workspace

PullDown Menus PullDown Menusare opened by seleding a CascadeButton (seeFigure
3.1.22). The labd on he CascadeButton provides the title for its asodated PullDown
Menu. Other CascadeButtons may be induded within the PullDown Menu to crede
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nested Menus However, no nore than three levels of nesting should be used in
condructing PullDown menus The éements listed in a PullDown Menu can be
represented with graphics or text labds. The PullDown Menu mug be wide enoughto
accommodate its widest element.

All menu optons $iould bevisible without scrolling. Use PullDown Menuswhen space
is limited, when users neal to see menu items only when seleding them, and when
required information on the screen would not be obscured by the menu (NASA, 1992).

File Edit [ Tools Help
Copy... Ctrl + C
Cut ... Ctrl + X
Paste . .. Ctrl +V

Figure 3.1.2-2. PullDown Menu

PopupMenus PopupMenusare mntext sengtive, and provide no cueto thar existence
They are adivated when the opeator/user seleds a mwmponent with an asodated Popup
Menu. Popup Menus(seeFigure 3.1.23) are displayed at thelocaion d the airsor when
the opeaator/user presses mouse button #3. This type of Menu should beused only to
provide pert shortcuts as novice opaatorsusers will be unawvare of thar existence The
title for a PopupMenu is placel at thetop of the Menu with a Separator beween it and
the Menu seledions (Open Software Founddion, 1991) The dements listed in a Popup
Menu can berepresented with graphics or text labds. The Popup Menu mus be wide
enough to accommodate its widest element.

Copy ... Ctrl + C
Cut ... Ctrl + X
Paste . .. Ctrl + V

Figure 3.1.2-3. PopUp Menu

Option Menus Option Menusare accesxl throughOptionButtons Option Menus $ould
be used when the nunber of avail able optionsis beween 6 and 12.This Menu al ows the
opeaator/user to seled fromalist of items while cnauming a small amountof space The
title of an Option Menu is thelabd on the OptionButton. This title thanges to refled the
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mog recent seledion from the Menu. The dements listed in an Option Menu can be
represented with graphics or text labds. The Option Menu mug be wide enough to
accommodate its widest element. Figure 3.1.2-4 presents an example of an Option Menu

Saturday —_
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday

Figure 3.1.2-4. OptionMenu

3.1.2.1 Variants in Menu Behavior

Spiing-Loadal Menu. This type of Menu stays displayed as long as the airsor remains
within the Menu, but nug be removed whenever the mouse button is released or the
cursor moves out of the Menu area As the airsor moves throughthe Menu its movement
isrefleded by hghlighting items in thelist; however, an item is not seleded or adivated
until the mouse is released. If a CascadeButton is ®leded in a Menu tha has an
associated nested Menu, the first Menu is deactivated and the nested Menu is displayed.

Poged Menu. This Menu remains displayed until it is explicitly removed. The eents
below are those that would unpost a posted Menu (Open Software Foundation, 1991).

- A mouse buttoms pressed
- A keyboard operation moves the curgpba parent of the posted menu.

« A Menu item, other than a CascadeButton, is activated.

3.1.3 Controls

Controls are graphicd representationsof red life controls, as shown in Table 3.1.341. As
shown in the table, there ae four types of Controls. Three of the ontrols have an
equivaent in the Builder Xcesory tool. Thethird control in the table, RadioButtonsare
creaed using the Builder Xcesoory only by means of a RadioBox. In this case, aregular
pushbutbn may be used to crede the atud RadioButtons insde the RadioBox.
RadioBox widgds are defined in sedion 3.1.4, ad will not berepeded hee. The fourth
control, the Window Menu Button, is a cgability of the Motif window manager, and
therefore, not a pat of this description of workbench widgds. The table describes the
Motif control or tool, its fundion(s), equivalents and asodationsof the Builder Xcessory
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tool and the window manager, and the locaion of the ontrol in the OSEMotif Syle
Guide The ®ntrols defined in this dion take only smple inputand have no internd
navigaion. Ead of the Builder Xcesry widgds tha are the equivalent of or asdated
with ead Motif control are defined in the following subpaagraphs Additiondly, tools
tha enhance the gpeaance or fundiondity of controls locaed in menu or dialog
widgets, are discussed at the end of this section.

ToggleButton. ToggleButtons are used to seled one or more opeaations from a set of
groupal ToggleButtons (groupead indde an appropriate dialog or window). When the
opeaator/user places themouse airsor onto a ToggleButton and presses the mouse button,
the ToggleButton displays a detent mode signding tha the seleded opeation is adive.
When theopeaator/user presses the mouse button a seamndtime, the ToggleButton returns
to its original non-detent mode, signaling that the selected operation is inactive.

Table 3.1.3-1. Controls, Their Use and Associations

BUILDER XCESSORY/WINDOW | MoTIE 1.2
TOOL NAME FUNCTION MANAGER EQUIVALENTS PAGE #
AND ASSOCIATIONS
Graphical control to select TOGGLE BUTTON:
Check Button settings that are not mutually - button 9-12..
exclusively
Push Button Graphical control PUSH BUTTON: 9-82..
- button
ARROWBUTTON
CASCADEBUTTON
DRAWNBUTTON
ICONBUTTON
OPTIONBUTTON
Graphical control for mutually RADIO BOX:
Radio Button exclusively (setting states or - button 9-86..
modes)
Window menu Graphical control button WINDOW MANAGER 9-111..
button - window frame

PushButton. PushButtons are used to exeaute an opeation (see Figure 3.1.341). A
PushButton contains a Labd, with either text or an image tha identifies the opeaation it
will peform when seleded. A descriptive text labd should aso beinduded bdow a
button if an image is used on he button. PushButtons $iould be used to exeaute an
adion, notfor setting modes or seleding vdues. For example, a PushButton should be
used to close a window or canesl operation.
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| Save
Figure 3.1.3-1. PushButton

IconButton. An IconButtonis a pushbuton a toggle button that displays either alabd, a
pixel-mapped image, or both a lalaeld a pixel-mapped image.

ArrowButton. An ArrowButton is a version of a PushButton with a dirediond arrow as
the labd (seeFigure 3.1.32). The diredion of the arow can beset to up, down, left or
right Arrow Buttons $iould beused to increment and decement numerica valuesin text
fields, or to move between pages in a document.

> |

Figure 3.1.3-2. ArrowButton

DrawnButton. A DrawnButton is a graphics area tha can be @dgned PushButton
behaviors (seeFigure 3.1.33). The button giaphics can contain anything ohe than text
or pixmapsand can be redrawn by the gplicaioninteradively. DrawnButtonsshould be
used for graphics which will change interactively based on operator/user input.

(5]

Figure 3.1.3-3. DrawnButton

CascadeButton. A CascadeButton is used to accessa PullDown Menu. A CascadeButton
contains a labd tha is the title for the asdated PullDown Menu. CascadeButtons can
also contain an arrow after the labd to indicae aCascadeMenu (see Figure 3.1.34).
CascadeButtons $ould be used to provide accesto PullDown Menuson a MenuBar and
to nested menus within a mestiucture.
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Animal Types Pp»

Figure 3.1.3-4. CascadeButton

OptionButton. An OptionButton is used to access an Option Menu. The Labd on a
OptionButton indicaes the last seledion made from the Option Menu (seeFigure 3.1.3-
5). An OptionButton contains a redangular graphic to the right side of the labd which
hdpsto distinguish it from PushButtons Option Menus $iould beused to seled from a
list of 12 or fewer itemsSee Section 3.1.2 for a description of Option Menus.

Friday [ m

Figure 3.1.3-5. OptionButton

The following tools enhance the appearance or functionality of controls:

Separator. A Separator provides a visud sepaation béween groupsof fundionswithin
windows, or beaween menu items (see Figure 3.1.36). The seven different appeaance
options are: single line, doubk line single dashed line doubk dashed ling no ling
shadow etched-in line and shadow etched-out line The shadow etched-in line should be

used for sepaation of menu heaers from menu items and to separate fundiond groups
of items on a window.

Options

Error Check . . . Ctrl+ E
Graphics . . .
Range/Azimuth . . .

Tidy Windows | Separator

Figure 3.1.3-6. Separator (using the default option: single line)
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Labd. Labds are used for either text or images (see Figure 3.1.37). Images and text
charaders cannot be @ntained within a single Labd. A Labd presents information to
opaatorsusers. For example, a Labd may beused as atitle for a group of undions or
as a graphic on a PushButton ora tool bar. The text or the image of an adive Labd
should be solid, not grayed out, to indicate the function's availability.

"\
7 /A

Text

Figure 3.1.3-7. Labels

When labds are used in averticd li st, they should be left judified, leasing a ragged right
margin as illustrated in Figure 3.1.3-8.

DAACSs:

JPL
NSIDC
GSFC
EDC
LaRC
ASF

Figure 3.1.3-8. Left Justification of Labels in a Vertical List

3.1.4 Dialogs

Opeator/user transadionswith computers are cdled dialogs Dialogscan be onfigured
within the opeator/user interfacein a number of ways. A dialog box & the typicd
method d opeator/user interadion for such transadions As dated ealier, dialog boxes
are seanday windows tha contain application controls. Builder Xcessory congsts of
four types of didlogs Seledion, File Seledion, Command, and Message Windows. This
GUI Builder may be used to condruct a number of other Motif dialogtools by combining
other widgds from the pdette. As such, these widges will not be discussd at length in
this edion. Othe dialog tools are sssodated with the desktop. For indance Propaty
Sheds are caabiliti es of the desktop windowmanager (if implemented). Propaty Sheds
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are used to ddine and pemit the opaator/user to modify the objed charaderistics of
icons A secondexample ae Icon Boxes. Icon boxe are ameans of ‘iconizing' obpds
ingde workbench window applicaions The types of dialogs thar fundion(s), the
Builder Xcessory or window manager widge equivalents or asodations and thelocaion
of thetool in the OSHMotif Stle Guide, are listed in Table 3.1.41 and discussd in the
following subparagraphs.

Table 3.1.4-1. Dialogs, Their Use and Associations

BUILDER XCESSORYI/WINDOW

TOOL NAME FUNCTION MANAGER EQUIVALENTS MOTIF
AND ASSOCIATIONS PAGE #
SELECTION (DIALOG)
Control panel Holds graphical controls FILE SELECTION 4-3
- dialog box containing push buttons
(and other graphical controls)
associated strictly with application
windows
Entry box Text entry area COMMAND (DIALOG) 5-6..
- dialog box
COMBINATIONS
Group box Identifies logically grouped - dialog box containing graphical 4-7..
controls controls (E.G., radio box, toggle
button, scale, push button, scrolled
list & text)
LIST AND SCROLLED LIST
List box Scrollable list of options (PRIMITIVE) 5-4..
- dialog box
Message box Provides information MESSAGE WINDOW (DIALOGS) 7-7..
- dialog box
Associated with icons, for use in | WINDOW MANAGER
Property sheet modifying object characteristics - dialog box associated with icon N/A
properties
Scales Entry of a range of values in SCALE (PRIMITIVES) 5-9
analog fashion - dialog box

Sdedion Dialog: A type of dialog box hat lets the opeaator/user seled from a list of
choices (seeFigure 3.1.441). The Seledion Dialog mug contain: alist, atext field, and a
group d PushButtonslabded OK, Cancd, and Help. Thetext field may be fill ed in when
aseledionis madefrom thelist, or used as atext entry field for finding seledionsin the

list.
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4 Selection Box

Items

Selection

OK Cancel I Help I

Figure 3.1.4-1. Selection Dialog

File Sdedion Dialog: A type of dialog box ha lets the opaator/user seach through
diredories and seled afile (seeFigure 3.1.42). The File Seledion Dialog mug contain:
two lists, ore for files and the other for diredories; and two text fields one to speafy file
seledion parameters to filter the diredory and the other to display the filename seledion.
It also mug have agroup of PushButtons labded OK, Filter, Cancd, and Help. The
formatof this dialog is strictly enforced as a Madtindard.

v File Selection Box

Filter

Selection

|| OK I || Filter I "Cancell || Help I

Figure 3.1.4-2. File Selection Dialog
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Command Dialog. A type of dialog tha is used to enter text string commands or
information. Command Dialogs condst of two pats, an uppeé text string viewing
window, and alower text entry window. Thetext entry windowis always oneline Text
can be entered and stored that is longe than the display length of the ommandline The
other charaderistics of atext entry widge are described in a subsquent paagraph o this
sedion. The uppe text string viewing window is <rollable to display text stringstha
cannot be viewed in ther entirety on the display. This type of didlog can beresized to
accommodate different operator/user viewing requirements.

Message Window A type of didog box ha is used to give information. Message
Window Diaogs $iould contain asymbol, amessage and pertinent PushButtons Use the
guiddines bdow when writing prompts and messages contained in Message Wndow
Dialogs:

» Use active rather than passive voice.
* Use positive phrasing. Tell the user what to do, not what to avoid.
» Make messages brief and informative.

* Order words chronologicdly, e.g., "Complete addressand pageforward” rather than
"Page forward after completing address".

There anumber of different types of Message Window Dialogs as discussd in sedion
3.3.3.

The following dialog components are used to creae dialogs usng windowing widges
contained on the Palette Bfiilder Xcessory They use internal navigaticsontrols.

Lists. A List is used for displaying items, nunmbering greder than twelve, in a list format.
Items in a List are to be seleded by the opeator/user; they cannot be alited by the
opeator/user. Lists are usudly alignead in a verticd fashion and can have both veticd and
horizontal scroll bars. It is recommended tha lists be placed on aform and the @ngraints
set such that if the forns resized, the liswill size accordingly.

SaollBar. A ScrollBar is used to scroll the visible aea of another component (see Figure
3.1.4-4).For example, a List tha containstoo many items to display smultaneoudy would
use a ScrollBar to navigate throughthe cmmplete list of items. A ScrollBar congsts of a
dider, moving within an element tha indicates the full size of the scrolled component, and
two butbnswith arrow graphics for moving the dider. The postion and size of thedider is
relative to the full size of the component.

Figure 3.1.4-4. ScrollBare
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Sale. A Scdeisused to display or set a value within arange A Scdeis composd of a
dide tha moves within a fixed area ad a labd tha refleds the arrent value of the
Scde. The postion of the dider is relative to the arrent value within the range The
dide can bemanipulated diredly with the mouse or with the keyboad arrow keys. A
Scde can dso indude arow graphics for moving the slider. A Scde should beused to
enter values from a @ntinuousrange If the minimum and maximum values for therange
are known, they should be displayed a the scde ends ® tha al available values are
apparent to the operator/user as illustrated in Figure 3.1.4-5.

100

a7

Figure 3.1.4-5. Scale

Text Field/Tex. The Text Field widgéd alows for only oneline of text entry (seeFigure
3.1.46) while the Text widge (seeFigure 3.1.4-7) allows for more than oneline of text
entry. The Scrolled Text widge can hase both veticd and horzonta scroll bars to
display text tha is hidden. For the Text Field widgd, it is advisable to set the number of
columns equd to the maximum length. This prevents the opeaator/user from typing extra
characters in that field.

T i

I B

Figure 3.1.4-6. Text Field Widget Figure 3.1.4-7. Scrolled Text Widget

Sad. A sash is used to resize groupsof widgds in a PanedWindow (see Figure 3.1.14
and Figure 3.1.48). When the sash is moved, onepane ges larger and the other ges
smaller. Thisis used to hide information, to make more room on the screen, orto make
more room within a Pane.

L]

Figure 3.1.4-8. Sashe
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3.2 Widget Set Attributes

This sibsedion povides reommended standards for widge sets used in the design of
ECS opeaator/user interfaces. The summary Table 3.2-1 indicaes the spedfic standads
which should befollowed for design of ECS fonts, cursors, and oher widgd attributes.
Thefigures contained in this subsedionill udrate widgd attributes and settingsfor design
of ECS applicaionsas ddivered. To encourage @ngstency aaosskECS, changes to the
basic style shdl not be encouraged (e.g., do not provide broad capability to set
preferences, such as by pladng Preferences on a pull-down menu named 'Options). Itis
recognized, hovever, tha aknowedgedle opaator/user may eled to ater some of these
settings through reference to a settings file different from the application defaults file.

Table 3.2-1. ECS Operator/user Interface Style Standards

Attribute Value/Setting
Font for Lists and Text Fields Lucida Sans Typewriter 12 point
Font for other components Lucida Sans Typewriter 18 point

Pixmap Button Labels Placed below the button

TextField Width As long as longest input or readout string

Container Type Use MainWindow as the primary window; do not
use MainWindow as a secondary window
Form resizing standards If form contains a list or map that can be resized,

attach that object to the form so that when the
operator/user interactively changes the size of
the form, the list or map will increase or decrease
in size as well

List Selection Types Multiple Select
Exception: Extended Select for choosing ranges
of items

Use the general purpose pointer for normal inputs.

Change the cursor style to the watch pointer when an
action taking more than 2 seconds is initiated.

Change the cursor style to the sighting pointer when
making geographic coordinate selections.

&
_I_
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3.2.1 ECS Widget Attributes

Figure 3.2.14 illudrates sme recommended size, color, and placement attributes for
ECS widgets.

Font = Lucida Sans

Typewriter 18 v
Items
Item Number 1
Item Number 2
Y
List Font = Lucida Sans |
Typewriter 12
Background color = Beige: » %’:é
Pixmap label is » Davlight
under button y g
b4
M ¥OK Cancel Help
Background color = sea_~ = =
Foreground color = white

All three PushButton widths are equal;
label strings are within 10 characters.

Figure 3.2.1-1. Widget Attributes

3.2.2 ECS PushButton Attributes

Figure 3.2.2-1 illustrates specific recommended attributes for pushbuttons.

Top Shadow Color = WhiteSmoke

' -
Cancel B

\ i

Bottom Shadow Color = DimGray

Figure 3.2.2-1. PushButton Attributes
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3.2.3 Dialog Box Border Colors

Figures 3.2.34 through 3.2.33 ill ugrate recommended border color attributes for dialog
boxes. Spedficdly, Error Diadlog boxes dould hare aydlow border, Warning Dialog
boxes $ould have ared boder, and ohe didog boxe dould use the borde color
assigned by the Window Manager

Error Dialog

Border Color = Yellow

Figure 3.2.3-1. Error Border Color

Warning Dialog

Border Color = Red

Figure 3.2.3-2. Warning Border Color
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(. | ... Dialog

Border Color = Color assigned by Window Manager

Figure 3.2.3-3. Border Color for Information , Prompt, Question , and
Working Dialogs

3.2.4 ECS Widget Highlighting

Figure 3.2.44 ill udrates highlighting for widges. To highlight fieldsor buttons place a
bold frame around the area to be highlighted.

|| I ||<— TextField
Highlighting

ToggleButton
|E| Red “ Highlighting
Blue
[l Green
RadioButton
© Run Highlighting
Stop

Figure 3.2.4-1. Widget Highlighting
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3.2.5 ECS Specific Widgets/Objects

All widgds and obgds creaed spedficdly to suppot ECS requirements and fundions
will be placed in the on-line ECS common objditisary.

3.2.6 ECS Use of Color

Table 3.2.64 presents alist of acceptable @lors for ECS cusom software GUIs. These
color combinaions have been seleded on he basis of contrast and ease of visibility to
opeaators/users. These wlors hould be used for al ECS cusom software GUIs and aso
in COTS/OTS GUIs to the etent tha a given COTS/OTS produd is cusomizable. By
following these recommendaions GUI developes hdp ensure asimilar look & fed for
all ECS software.

Table 3.2.6-1. Acceptable Background/Foreground Combinations Colors

Acceptable RGB Value Corresponding RGB Value
Background Color Foreground (Font )
Color
Beige #cecOae Black #000000
Gray #788487 White HTffff
Light Gray #9e9e9e Black #000000
PaleBlue #9ebfe8 Black #000000
Papaya Whip #ffefd5 Black #000000
Sea #2a6581 White i
Tan #dlac7f Black #000000

In mog indances, threetypes of GUI displays will beused: Main Windows or Screens
Help Screens and Dialogs Thoughcolor is not the primary coding convention to crede
distinction béween these three types of displays, color can be used to further promote
and acceituae visud distinction among them. Table 3.2.62 lists recommendal
badground colors for Motif widgds commonly used in the three different types of
screens.

Note: Colors are not o bespedfied in Ct* or C codefiles. Ingead, theyshould be
specified in an application defaults file (see the "ECS NDmifelopers' Guide").
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Table 3.2.6-2. Recommended Background Colors for Widgets Used in thee

Construction of Windows, Help  Screens, and Dialogse

GUI Component Primary Window Help Screens Dialogs
Main Window Beige Light Gray N/A
Form Beige Light Gray *
Container Widgets Sea Gray Tan
placed on Form
Menubar Sea Sea N/A
CascadeButtons (on Sea Sea N/A
menubar)

Pull-down Menu Papaya Whip Papaya Whip N/A
Pull-down Menu Papaya Whip Papaya Whip N/A
PushButtons

Tabbed Widget Beige N/A N/A
(TabStack)

ToolBar Beige N/A N/A
Icons Pale Blue N/A N/A
Text Fields (& Scrolled | Sea Gray White
Text)

Lists (& Scrolled Lists) | Sea Gray White
Separator Beige Light Gray Tan
Button Box Beige Light Gray N/A
PushButtons Sea Sea Sea
Dialogs (Message, N/A N/A Tan
Information, Warning,

Error, Question,

Prompt, File Selection,

etc.)

Border: Error Dialog N/A N/A Yellow*
Border: Warning Dialog | N/A N/A Red*

* Generaly, the only time ascreen developer will need to use aForm with a Dialog isif thereisto be a
border aroundthe Dialog. In this case, BX will not allow the developer to add a border on a Dialog urtil it
resides on a mntainer widget of some type (a "Form," for instance). The mlor of the Form shoud
correspondto the lor of the border. In the ECS User Interface Style Guide, there ae only two types of
Dialogs requiring baders;, Warning Dialogs and Error Dialogs. The lors for their borders (and the
container widget uponwhich ead resides) shoud be red or yellow, respedively. No ather colors $oud
be used for borders.

To seesample screans using the reaommended color scheme, please refer to Appendix B of the ECS User
Interface Syle Guide, which is available & Document 410-TD-001-003 onthe EDHS page of the World
Wide Web (http://edhs1.gsfc.nasa.gov/).
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3.3 Composing the Interface

This subsedion contains the description of ECS-spedfic components to be used when
developing the operator/user interface.

3.3.1 Window Characteristics

An effedively designed multiple window applicaion piovides a wndderable anount of
opeator/user flexibility. Windows may be used to temporarily add datato a display or as
a meansto control or display divergent information, orto segregae and control separate
opeaations (NASA, 1992) The alvantages offered by amultiple window environment
include:

» The operator/user may perform multiple data sets simultaneously.
» The operator/user may view multiple data sets simultaneously.

» Opeaators/users may peaform tasks while onaurrently viewing results in separate
window(s).

* Flexible placenent and seledion of windows alows a more naura
interadion/task flow than rigid single-screen systems which enforce aprescribed
hierarchy of inputs.

Window placement is typicdly handled by the Motif window manager, sometimes within
condraints imposed by resource settings by the opeaator/user. Usudly, ddault window
placement is in a stadked configuration, with nev windows offset dlightly lower and to
the right on the screen (unlesstha offset would place pat of the new window off the
screen). An dternaiveis atiled placament, with windows lined upin rows and columns
so that they do not overlap.

3.3.2 Window Organization

Congstent window organizaion enhances the opegatorsuser's snse of confidence ad
satisfadion with the system. This consstency lesens the anount of time it takes to
bemme acagomed to thelayout of fundionsand reduces sach time for speafic daa or
controls. Guiddines for organizing the layout of windows are provided bdow and
illustrated in Figure 3.3.2-1.
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= | Window Title o |

- Menu Bar

1- Main Window Area
[ OIK | __[Cancdl | Hlelplﬂ-Function Buttons

Figure 3.3.2-1. Window Organization

» Placethe mog frequently used fundionsin the top left portion of the display.
Then arrange components in progression from left to right and top to bottom.

» Group functions by sequence of use to indicate a particular order of operations.
» Group related functions together.

* Indude auniquetitle for eatr window tha describes the ontents or purpos of
the window. Window titles should contain three words or less.

* Fundion butons $iould be evenly spacal acdossthelower portion d thewindow.
Separate butions by at least 4 pixels to prevent overlapping of traversal
highlighting
- The "OK" button should always be locaed in the lower left comer of the

window.

- The "Help" button should always be locaed in the lower right comer of the
window.

- The "Canceélbutton should be located to the left of the "Help" button

* Do not use ontadions short forms, or punduaion in window titles unless
absolutely necssary for meaning, to acommodae spacerestrictions or unless
the title itself is an accepted standard (NASA, 1992).

* Make titles condstent in wording, diferentiation, and locdion throughout he
design (NASA, 1992).

* Themain subjead of thetitle should beindudel as thetitle of the &dated icon
titte. For example, the "Inventory Results® window icon should be labded
"Results".

Indicate any required entries with a highlighbeader
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Labds should beright judified when they acompany a set of othe objeds, learing a
ragged left margin asill udrated in Figure 3.3.22. Use XmAlignment_beginning for left
justification and XmAlignment_end for right justification.

Granules

NSIDC

Figure 3.3.2-2. Right Justification of Labels = When Referencing Other
Objects

3.3.3 Using Dialog Boxes

A Dialog Box may be as dmple & aLabd and PushButtons or as complex as a large set
of components used to establish settingsfor a printer. The PushButtons contained in a
Dialog Box should be aranged acording to order and frequency of use. Postive
responsesto the Dialog Box should bepresented first, followed by ngaive and cacding
responsesThe action should close the window once a response has been selected.

Dialogstha jud present information $ould contain only theinformationd prompt and an
"OK" button. The "OK" button should be catered in the lower portion of the dialog.
When seleded it removes the window from the display. Dialogstha allow user inputor
perform a spedfic or implied adion require three buttons "OK", "Cancd", and "Help".
When defaulpush buttons are used, highlight the defautton (NASA, 1992).

Some different types of Message Dialags shown below:

Prompt Dialog: This dialog boxis used to ask for an inpuf(s) from the opaator/user (see
Figure 3.3.34). It should indude amessage, atext field, and"OK", "Cancd", and "Help"
buttons.
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v Prompt Dialog

Enter a number

1

OK |‘ Cancel I Help

Figure 3.3.3-1. Prompt Dialog

Error: Dialog ugd to convey a messge dout an opeator/user error (see
Figure 3.3.32). Be sure to provide information on howto corred the eror in this dialog.
An error dialog should be ativated as close & possble to the locdion of the eror
without covering it. If the opeator/user correds the eror prior to seleding the "OK"

button, the dialog should automatically deactivate.

4 Error Dialog

® Select an item to delete
OK ‘

Figure 3.3.3-2. Error Dialog

Information: Dialog used to convey information to the opeator/user (seeFigure 3.3.33).
This dialog should contain only an informational prompt and an "@Kton.
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Information Dialog

| You have new mail

o |

Figure 3.3.3-3. Information Dialog

Question: Dialog usd to ge a spedfic response to a question (see Figure 3.3.34). Be
sure to word the question so that the operator's/user's response is "Yes" or "No".

Question Dialog

’? Do you want to save
- this search?

Yes No

Figure 3.3.3-4. Question Dialog

Working: Dialog u®d to show work in progress and to give the opegator/user an
opportunity to cancehe operation (see Figure 3.3.3-5).
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Working Dialog

@ Search in progress . . .
—— | |
| | |
0% 25% 50% 75% 100%

Estimated time to complete: 4.0 min

OK |‘ Cancel I Help

Figure 3.3.3-5. Working Dialog

Warning: Dialog used to alert the user to a possible danger (see Figure 3.3.3-6).

Warning Dialog

I This action will delete your files.

OK |‘ Cancel | Help

Figure 3.3.3-6. Warning Dialog

Typical PushButtonsontained in a Dialog Box, in their approximate sequence, are:

Yes. Provides an affirmative answer to the question po®d in the Dialog Box. For
example, a dialog may ask, "The printer was bug/. Would you like to try agan?' Only
use "Yes" if it is a clear answer to the question.

No. Provides anegaive respong to thequestion pogd in the Dialog Box. Only use "No"
if it is a clear answer to the question.

OK. Indicaes a postive onfirmation tha opeator/user inputs ould besaved and any
corresponding action performed.
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Cancd. Closesthewindowand discards any user inputs, without performing any of the
actions not yet applied to the application.

Help. Activates the hdp information for the Dialog Box. This adion should always be
the last option on the right.

Default PushButton. Default PushButtons (see Figure 3.3.3%7) are used only in Dialog
Boxes and wudly confirm an adion a accet seledionsmade within the Dialog. Default
PushButtons are used to indicate the mog likely seledion on aDialog Box or the least
destructive adion. For example, when prompted with a dialog for ddeting files the
Default PushButton should be "No" rather than "Yes'. Default PushButtons can be
adivated usng the Enter or Return keys or the spacéa on the keyboad or the mouse.
Be caeful when usng Default PushButtons as the opeaators/users are unable to change
their minds when they use the keyboard keys.

| o« |

Figure 3.3.3-7. Default PushButton

CheclButton. A Ched&Button is used when any nunber of items, from a group ofitems,
may be seleded simultaneoudy (see Figure 3.3.38). A ChedButton is composd of a
small squae button with two distina states, "on" and "off," and alabd. A distinct color
for the "on" state can beinduded to provide an additiond cue @ to the state of the
ChedkButton. ChedButtonsshould beused to seled from a nunber of items or settings
that are not mutually exclusive.

Figure 3.3.3-8. CheckButtons

RadioButton. A RadioButton is used to seled one item from a group of items (see
Figure 3.3.39). The graphic usudly assodated with a RadioButton is a diamond,
representing a toggle button with two distinct states, "on" and "off," shown in a Radio
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Box. The"on" state is generadly represented as the diamond pused in; the "off" state
displays the diamond pused out Only oneRadioButton in a group can beseleded at a
time; therefore, RadioButtons $ould be used for seleding items or settings tha are
mutudly exclusve. There mug be aminimum of two items in agroup d RadioButtons
and there should be no more than 5 or 6.

Figure 3.3.3-9. RadioButtons

3.3.4 Data Manipulation

Use the guiddines listed bdow when designing fundions where the opaator/user is
required to discern complex or large amounts of data.

* Provide 20ming orscding fundionsin areas where the opaator/user may neeal
to view data, map®r diagrams in greater detail.

* Include a scale of some type to indicate the expansion/reduction factor.

* A Panning fundion to movethe ceter point of an imageis also adesirable means
of viewing mapdisplays.

* Allow the opeator/user to sort lists of daa acording to vaious paameters
contained within thedaa. For example, when viewing theresults of a seach, the
opeaator/user should be dle to sort based on dae/time, daa set 1D, browse
availability, etc.

» Use filters to compress daa and make it more managedle. For example, alow
the opeator/user to seledively view data from one DAAC indea of al of the
DAACs.

* Provide atype dea or a "Find" fundion in long lists of parameters or
information. (Note: The find fundion should belabded "Find" vs. "Seach" due
to the onnottions asdated with "Seach” in the opeator/user community.)
Figure 3.3.4-| provides an example of a Find function.
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v Item List

Items

Item Number 1
Item Number 2
Item Number 3
Item Number 4
Item Number 5

Find

OK Cancel | Help

Figure 3.3.4-1. Find Function

A list can bedesigne to allow multiple items to beseleded simultaneoudy or it can be
restricted to only one seledion a a time. This is acomplished through the type of
selection policy that is chosen. The selection policies are as follows:

Single: Single seled toggles date of oneitem and deseleds any other item. Single seled
alows the opegator/user to deseled a seleded item by ether toggling off tha item or
choosing another.

Browse: Browse seleds oneitem and desdleds any othe item. Once the opaator/user
seleds an item from telist, it can only be deseleded by doosng another item. This
seledion policy ensures oneitem is always ®leded after theinitial input Seledionsmay
be deaed by he gplicaion orthrough opeator/user input b a separate user interface
component.

Multiple: Multiple seled toggles the state of oneitem, but does not deseled any othe
items. This policy allows an opeator/user to seled more than oneitem from thelist. It
also allows the operator/user to deselect a selected item directly.

Extendad: Extended seled all ows the opeator/user to seled any nunbe of items. It can
also be used to select multiple discontiguous ranges of elements in a collection.

Other list attributes that can be set are:

List size policy. set to "condant” so the list will not grow if the items within the list
increase in size.

Saoll bar display policy. set to "as nealed” so the scroll bar will only appea when
needed.

Visibleitem count determinestheheaghtof thelist by fixing the nunmber of visible items.
For example, the list shown in Figure 3.3.4-2 has a visible item count of four.
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v Students

Sandy Jones ClearCase
Bob Price lllustra
Nick Lindsey AutoSys

Maria Schinder HP OpenView

Figure 3.3.4-2. List with Visible Item Count of Four

3.3.5 Data Entry /Editing and Form Filling

Whee atask requires the opegator/user to enter daa for related information, u® on-
screen dda entry forms congsting of speaally formatted displays of labded daa entry
fields Consde form filli ng as an aid for composng complex control entries, such as a
print request, where adisplayed form can hdp the opeator/user invoke the various
formatcontrols that are available.

3.3.5.1 Form Layout

The ondruction of forms on the screen should be ©nsdered in conjundion with the
screen layout guidancein dions2.2.5and 3.4.1. Whethe designed for Motif or HTML
(seeSedion 4.0)applicaions form condruction should be ©ngstent with prindples for
good data arrangement and grouping on the screen, such as the following guidance:

- Make different elements of a fordistinctive from each other.
- Place recurring data fields in consisteglaitive positions within forms.
- Put a title or header near the top center of each.form

- Try to achieve alayout tha appeas "unduttered.” (SeeSedion 2.2.3 oncening
screen densitgonsiderations.)

- Make formats consistemtithin a system.

« Use grouping to make the form appea as a olledion of smaler identifiable
elements.

- Demarcae groupsof information by $adng, lines, color coding, orsome other
means.

- Group data to support task completion.

- When data ae entered/used in some spdial or temporal order, group by gquence
of entry/use.
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- Group dda items tha are paticularly important and/or are used more frequently
than others at the top of the farm

- If there is no oher appropriate logic for grouping dda, group aphasdicdly or
chronologically.

-« When forms are used for reviewing displayed dda & well as for daa entry, use
the same item labds and sequence for both the form for data entry and tha for
display output.

- If no source doaument or externd information is involved, then design forms so
tha daaitems are ordered in the sequencein which an operator/user will t hink of
them.

- When sets of dda items mus be entered sequentidly, in a repetitive series,
provide atabular display format where data sets can be keyed row by row. If the
items in ead data set are too lengthy for display on a single row on the screen, it
is desirable to provide asimple means for horizontal scrolling. If tha is not
possible, re-design the formab not wrap rows of a tabtanto successive lines.

- Forlong tbles (i.e.,, those with many rows), provide an extravisud cueto help an
opeaator/user scan a row acairately aaosscolumns (e.g., add a blank line dter
every fifth row, or provide adisplayed ruler which the opeator/user can move
from one row to another).

Figure 3.3.54 ill udrates sveral prindples of goodform layout It shows use of aform
title, grouping of items, automatic display of default item content, pull-down list
cgpability for seledion of content where possble, and piovision for easy cleaing of
entered data at the discretion of the operator/user.
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Labels above and left-aligned with fields
(Most useful for HTML forms)

User Profile
Last Name:

e

First Name:

Middle Initial:

Organization Name:

Street Address:

City:

State/Province:

Country:

ZIP/Postal Code:

Telephone:

Telefax:

Internet Email Address:

CLEAR

SUBMIT

Press this button to submit profile

Press this button to clear form

Labels left of and vertically aligned
with fields (preferred)

Last Name:
First Name:
Middle Initial:

Organization Name:

Street Address:
City:
State/Province:
Country:
ZIP/Postal Code:

Telephone:
Telefax:
Internet Email Address:

Press this button
to submit profile:

User Profile

I

SUBMIT

Press this button
to clear form:

Figure 3.3.5-1. Examples of acceptable data input forms
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3.3.5.2 Data EntryFields

Forms are aeded by the on-screen arrangement of daa entry fields and ther labds
against the background spacguidance for data entfields includes:

Use spedal chaaders such as undelining o daa field "boxing” to delinede daa
entry fields and data entfield lengths.

Visually distinguish required entfields from optional entry fields.

If the fields are variable in length, indicae the maximum accetable length on
each field.

Reserve chaader spaces for fixed entry length data fields e.g., thefield for entry
of a phone number would appear @sn) nnnnnnn.

3.3.5.3 Labels

Effective labeldor data entryields should adhere to the following guidance:

Labd every data entry field adjacent to (i.e, to theleft of or above the daa input
area only.

Make labds distinctive from daa entry fields prompts, and ohe information
displays, by the use of color, size, fomnd other codintechniques.

Terminate the labdbr a data entryield with a colon to signify a data entppint.

Use whole wordsin dda entry labds in preferenceto predefined terms, codes, or
abbreviations.

Make field labds congstent; always use the same labd to indicae the same kind
of data entry

Enaure tha labds are sufficiently close to be adated with thar prope daa
fields, but are separated by at least one space.

Indudein afield labd additiond cueng of daa format when tha seans hdpful
[e.g.,adae field with the entries ddineded by dashes can belabded as follows:
"Date (mm/dd/yy):"].

When a measurement unit is congstently assodated with a particular daa field,
indudethe unit as pat of thefield labd rather than requiring the opeator/user to
enter it (e.g., if the field is for cost entthe labekan be "Cost$").

3.3.5.4 Text Entry/Editing

For entry of daa in forms, the following guddines are based primarily on Motif
cgpabilities and charaderistics, but refled genegdly desirable fedures for daa entry.
Some of these guiddines may be problematic in HTML-based applicaions those tha are
particularly likely to be problematic are noted in the list.

Placethe arsor at thefirst data entry field into which the opeaator/user mug enter
data. (May be problematic for HTML.)
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- Advancethe arsor to the next daa field when the opeator/user has completed
entry of the current field(May be problematic for HTML.)

- Display ddault vaues automeaticdly in thar appropriate daa fields whenever
possible.

- Give the opeator/user the dility to modify dedfault vdues and save the new
defaults. (May be problematic for HTML.)

» Permit the opaator/user to use the mouse arsor, arrow keys, or the TAB key to
move through fields(May be problematic for HTML.)

- When long dda items mug be entered, patition them into shorter groups (e.g.
addresses).

- Kee daa etries for codad dda (alphanunmeric daa) short, in the range of 5-7
characters maximum.

- Treat upper and lower case text entry as equivalent.

- Prevent entry of ingopropriate chaadersinto afield (e.g., entry of an aphéabetic
charader into a field reserved for entry of numeric charaders). (May be
problematic for HTML.)

- Prompt the operator/user for required formats and acceptablevahies.

- In genad, for daa entry, do notroutindy require the opeaator/user to overwrite a
set of characters in a field (such as a default).

- Inentry of itemstha may vary in length, the opeator/user shdl not berequired to
remove unused underscores or other character placeholders.

« Require theopeaator/user to enter any paticular data only once the system should
automaticdly store and accesstha daaif nealed at alater point in time. (May be
problematic for HTML.)

- Highlight any text selected for editing.
« Use Insert mode as the text editor default

- Make it possble for opegators/users to paform simple aliting (e.g., ba&spaceto
corred keystroke erors) during dda entry, without entering a spedal editing
mode.

- Do not make it possible to select non-contiguous blocks of text.

- When afield ddimiter mus be used for daa entry, adopt a standad charader to
be used consistentfgpr that purpose [e.g., a slash (/)].

- When an item length is variable, provide aitomatic judificaion in computer
processing; an operator/user should not have to right- or left-justify an entry

» Allow opeatorsusers to make numeric entries in tables without concen for
judificaion; the @mputer should right-judify integers, or, as appropriate, judify
with respect to a decimal poinfMay be problematic for HTML.)
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» Require explicit opaator/user adion (e.g., pessng atab key or moving the arsor
with a mouse) to move from one data entry field to the next.

- When designing dsplays for form-filling ddaa entry, minimize user adions
required for cursomovement from one field to the next.

- When an opeator/user mus enter numeric values that will | ater be displayed,
maintain all significant zeros, zeros after a dedmal point should na be abitrarily
removed if they affed the meaning of the number in terms of significant digits.
(May be problematic for HTML.)

- For entry of tabular daa, when entries are frequently repeded, provide
operators/users with an easy way to copy duplicated data.

« Allow placanent of the arsor only in allowable daa-entry aress  tha non-entry
areas are clearly designated and made inaccessible for data entry

3.3.6 Graphics presentation

Graphics fow spaial, temporal, or othe relationsamong daa by speda formatting of
graphic dements. This sdion provides information and guddines on when and howto
present datain a graphics format. The guiddines are designead to answer questionsabout
the use, seledion, condruction, and coding of numerousgraphic forms. The gplicaion
context for these guiddines is primarily computer generated graphic displays, i.e.,
displays automaticdly creaed by the @mputer to represent daa in the @mputer daa
base.

3.3.6.1 Use

Consider graphics rather than text description or tables in the situations described.
Relations A graphics formats appropriate to show relations in space or time.

San andconmpare. When operators/users mug quickly scan and compare related sets of
data, a graphics format appropriate.

Monitor. When opeators/users mug monitor changing dda, a graphics format can be
used effectively.

3.3.6.2 Selection of graphics forms

The graphic form tha best suppots the information requirements of the opeaator/user
should be enployed. Condde the naure of the daa (e.g., range &d scde of
measurement), pumpoe and emphasis of the message to be onveyed, and opeator/user
characteristics when selecting a graphic form

Graphical-perception tasks. Quantitative data should be @coded on agraph so tha the
visud demding involves tasks as high in the ordering o elementary graphicd-perception
tasks listed bdow. The dementary graphicd-perception tasks ranked in descending ader
by accuracy of human performance are:

1. Position along a common scale

2. Position along identical, nonaligned scales
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Length
Angle-slope
Area

Volume

N o o s~ w

Color hue-color saturation-density.

Distanceand deedion. Condder distance aad deedion when seleding a graphic
form based upon the ordering of the elementary graphical perception tasks.

a. A deaease in the acaragy of perceptud judgnents may be @&dated
with an increase in the distance between the daa vaues on the graphics
display. Spedficdly, an increase in the distance between the graphicd
elements tha encodethe daa values can inarease the nunber of errorsin
judgment.

b. Detedionisthe dility of the opgator/user to seethe graphic dements on
the daa display either simultaneoudy or by nealy effortless sanning.
For example, legibility and the dility to discriminae visudly beween
graphic dements mug be onddered when seleding and condructing a
daa display based upon he ordeing of the dementary graphicd
perception tasks.

User seledion. Allow the user to seled the graphic format tha best satisfies the
informational needs.

Multiple formats. As necesary, provide more than a single format to assst the user
in identifying pdterns trends or idiosyncasies in the daa ad to satisfy user
differences in information requirements.

3.3.6.3 Construction

Graphic displays dould bedesignal in a mngdstent format. Congstency in design is
important becaise it pamits the user to focus on changes in data withoutbeing dstraded
by changes in display format. This sdion reviews basic prindples of condruction tha
are generaly applicable to mog graphic forms. Use these guiddines to adieve
congstency in the design of graphic displays. Appendix C, Seledion of Graphic Forms,
provides additiond prindples of condruction tha are idiosyncratic to spedfic graphic
forms.

Sales. Choos scdes tha give atrue picture of thedaa. Altering the scdes of a graph
may expand orcontrad theimage or representation of the daa and may changethe way
the information is perceived and interpreted. For example, Figure 3.3.64 ill udrates
threeversionsof the same graphic display, varied only by an expansgon o contradion of
the horizontal (x) or verticd (y) scdes. Figure 3.3.641(a), Neutral, presents the preferred
arithmetic line graph in which nethe scde is exaggaated. The verticd and horzonta
scdes are eud, creding a squae grid. The arve shows changes tha are neutral to
modeate. Figure 3.3.6-1(b), Dramatic, presents agraph in which theverticd (ory) scde
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is exaggaated. The arve shows changes tha are dramatic, rapid, and sudden. Findly,
Figure 3.3.64(c), Flat, presents a graph in which the horizontal scde is exaggaated. The
curve shows changes that are sluggish, slow, and flat.

Congstent scaling. When graphics data ae to be compared aadossa series of graphs
use thesame scdesfor ead graph. It may be difficult for opaators/users to compare
data tha are scded differently. Operators/users may ovelook tha the scdes are
different and interpret the data eroneoudy. As an dternaive to displaying separate
graphs consde combining the graphics into a single graphic format, as possble to
do so.

Linear scales. Except whee system requirements clealy dictate nonlineaity to
satisfy opeator/user information requirements, linea scdes sould be used in
preference to nonlinear scales.

Logarnthmic scales. For opaators/users who are familiar with logaithmic scdes,
consider using a logarithmic scale:

a when it is important that the opeaator/user undestand rates of change
percent change, or multiplicative factors.

b. to improve resolution and to hdp the opeator/user do a better job of
grasping and analyzing data.

Multiple scales. Gengdly, the use of multiple anount scdes on the same graph
should be aoided and usd for spedalized puposs only. (See speda scdes
section in Appendix C.)

Threedimendonal scales. The use of threedimensond (3-D) scdes (i.e, the
plotting of multivariate data usng x, y, ad z-axes) should berestricted to spead
applicaionsfor users who are familiar with them. As an dternaive to 3-D scdes,
congder showing a third dimenson with auxiliary coding (e.g., shape or color
coding or use pictographic symbols or multiple displays to present multivariate data.

When 3D scdes are used, adopt a congstent method of epresentation (e.g.,
isometric or orthographic projedion, pespedive drawing, ortriangular coordinae

grid.)

Sale axes. The xes of graphs $dl have maor scde divisions (tick marks) which
shdl be numbered or labded. The xes of graphs $adl be labded with thar
description and unit of measurement.
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(a) Neutral

(b) Dramatic

c. Flat

Figure 3.3.6-1. lllustration of the effects of scale alteration on the
perception and interpretation of information

Saledivisons Mgor scdedivisions $dl be eay to real (e.g., shdl progressby 1,
2, or 5 units or deamal multiples) and should cove the entire range of the daa
Awkward divisions(e.g., odd ntervals of 7, 11, 13)shdl be aoided and ugd only
where it is appropriate for the daa plotted (e.g., the seven days of the week, or 12
months of the year).

Minimizethe number of magjor and intermediate scde divisions If possble, use less
than 10 or12 mgjor scde divisions and u® no more than nine intermediate scae
divisions.
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Scale numericsThe following applies to the appearance of scale numerics:

a. The display scde should start at zero, except where this would be
ingppropriate for the fundion involved. For example, do not hdude zeo
when its inclusion would severely compromise the resolution of the data.

b. Except for measurements tha are normally expressed in deemals, whole
numbers should be used for major graduation marks.

Sale break Avoid bre&king the scde, as possble to do ®. If a scde bre& is
necssry, ue afull scde bre&k; and do notconned¢ numericd values on the two
sides of a break.

Grid. A grid, redangular in shape conssts of two veticd scde lines, two holizonta
scdelines, and haizontal or verticd scde rulingsdrawn inddethegrid (grid lines). The
grid bounds the data region, the area for plotting data.

Grid lines. Horizontal and veticd grid lines guide the ge in locding and reading
points on a graph. Use grid lines when presenting dda in a graphics format;
however, gnd lines $1ould not obscure daa axd should be ¢ealy distinguishable
from the data.Consider these general principles when constructing a grid:

a. Minimizethe number of grid lines; however, use enough gid lines o the
user can oktain an approximate reading o thedaa values. Too many grid
lines may clutter the display, obsure daa axd make the display hader
instead of easier to read.

b. Grid lines may be omitted or suppressed when daa vaues can bereal
usng tick marks. However, grd lines and tick marks are usudly
necessary to obtin approximate realings of daa values, except for very
small graphs.

c. Mog graphswill not nea more than 8 or10 vaticd or horizonta grid
lines.

d. Graphsthat are to be read preasely need more grid lines than those meant
to give a general picture.

e. Use more grid lines with wide graphsthan with narow graphsand more
with tall graphs than with short graphs.

f. Grid lines would bethinna than dda lines or curves, and should notbe
visible through bas, columns or other graphic or pictorial data dements
(i.e, they should na crossthem). The zeo lineor other base lineis made
broader than other grid lines.

Graphic aids Both to minimize the numbe of grid lines and to satisfy the
opeators/user's individud preference or information requirements (i.e., differences
among operators/users in the degreeof acairacy or amountof detail nealed from the
graphics display):
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a. condde pladng the suppresson and piesentation of grid lines unde user
control

b. congde providing a cgability where the value of any dda point seleded
by an operator/user is displayed automatically

c. condgde providing a cgability where dl the data values in the graph can
be displayed in a table, when requested by the operator/user.

Typeface Typeshould beuppe and lower case with simple sans-serif typefonts and
with few exceptions should be postional from left to right, the nomal orientation
for reading.

Labds. When it is necessary to labd graphic daa dements (e.g., bas, columns and
curves), ue ajacent labds in preference to keys or legends as possble. Becaise
contiguouslabds require lessmovement of the g/e and lessremembering, they pemit the
operator/user to assimilate information more efficiently than do keys or legends.

a. Labds should be ondse, ealy real, ressonably close to the graphic daa
elements, arrangal to adhieve abdanced compostion of the graph, and in a
horizontal postion. With the eception of surfacegraphsand pe dats, labds
should not be placed directly on graphic elements.

b. To connet the graphic daa dements and labds, use arows, lines, or dlightly
tapered wedges, as necessary.

c. Geneally, abbreviations $iould notbe used as labds for graphic data dements.
Abbreviationsare pamissble if they are standad annottionstha are well known
by a majority of operators/user§€omputer abbreviations are not acceptable.

Keyor legend. When it isnecesary to use akey orlegend o labd graphic daa dements,
locae thekey or legendinsdethegrid. Locaethekey or legend ousidethegrid when it
may obscure data dements, clutter the data region orinterfere with the interpretation of
thedaa. Thestyle and propottion o lettering in the key or legend should be the same &
that in the graph.

Graphic design elements. Eliminae or suppressgraphicd design elements (symbolic or
pictorial feaures, deorative forms, threedimensond formats, grd lines, and oher
design elements) that are supefluous redundant, or tha compete with the daa. The
oveal graphic design should make the data visudly prominent and should communicae
guantitative and qualitative information rather than graphical style.

Realistic graphics. Condder ugng redistic graphics to focus opeator/user attention.
Due to thear greder meaningfulness redistic graphics may also be used to enhance
information piocessng and recdl. However, the numbe of graphicd design elements
should be minimized.

Form. Graphics should tend toward the horizontal, greder in length than heght As a
rule of thumb, use ahaghtto-width ratio of 4 to 5. However, use the daa & a guidein
determining the shape of the graphic when possible to do so.
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Reprodudion. It is desirable to preserve agraph's visud clarity when the graph is
reduced or printed.

3.3.6.4 Bar and column graphs

The bar graph and the ®lumn graph are the two mos comnon onedimensond graphic
forms. They show a comparative measure for different items, for parts of atotal, or for a
variable sampled at discrete intervals. Bar and column graphs differ primarily in the
orientation o thebas. Thebas are aranged harizontaly in bar graphsand verticdly in
column graphsComparisons are based upon length judgments.

Bar graph. This graph and its variations (see Appendix C for detalled guidance on
condruction) are generally used to show a comparative measure of different items. Bar
graphs can be used to show how several items differ from eat other in oneor two
charaderistics, or to show how several items differ from ead other in the distribution of
their components.

Bar graphs differ from column graphsin tha they typicdly hase only one scde (an
amountscde) and are not genealy used to plot time series daa. However, a bar graph
may be used to potray temporal data when its use is more gpropriate for the spedfic
situation.

Column graphs This graphic form and its variations (see Appendix C for detailed
guidanceon congruction) are generally used to show time series daa when the nunmber of
values plotted is not very large (e.g., to compare daa for a single item or severa items
measured at discrete intervals). In column graphs the bas are arangead veticdly and
there ae genagaly two scdes. The verticd scde shows amount and the horizontal scde
shows time. Column graphs are dso used to show component relations (e.g., the
component parts of a total or a series of totals).

Period dad. Use mlumn graphsto pottray peiod dda rather than pont data. For
example, a olumn graph can be used effedively to show data of adivities or events
tha ocaur during a period oftime, but is lesseffedive in showing dda that indicate
status on a given date.

a. Point daa may be shown as column graphs However, point daa can
usudly berepresented bdter by curve and aithmetic linegraphsor surface
graphs becase these graphic forms better fadlit ate the andysis of point
data. For example, curve graphseffedively can show trends projedions
forecats and ohe estimates tha are important for andyzing pont daa
Trend lines or other projedions sipeimposed ona olumn chat usudly
clutter the graphic and make it more difficult to read.

Emphasze amounts or contrags. Column graphs make astronge presentation of
the same daa than curve graphswhen few data points are plotted. For example, the
discreteness verticd extenson and width of the @lumns provide greaer emphasisin
showing amount of growth or development than do arves. Also, congde usng the
column graph rather than the arve graph when it is important to provide greaer
contrasts in portraying amounts in two or three short time series.
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Fluctuation in time series. Use the ®lumn graph rather than the arve graph to show
time series data tha fluctuate sharply and are few in nunbe (e.g., expenditures that
vary monthly from high to low for the first quarter of a fiscal year).

Alternative formats. Use dternaive graphic formats to present a long series of daa
with a grea many plotting pants, to show numerouscomponents of totals and when
several series of data must be compared.

3.3.6.5 Curve and arithmetic line graphs

This genea type of graphic form, cdled curve or arithmetic line graph, is a type of
"Cartesian” coordinae graph tha is derived by pbtting oneor more sets of data on a
coordinate surface(seeAppendix C for detailed gudanceon congruction). The arve and
arithmetic line graph shows relations among sets of daa defined by two continuous
variables. In the arve graph, dda relationsare summarized by a smoothed line (curve);
and in the aithmetic line graph, straight line segments are used to conne¢ successve
plotting ponts. These graphic forms have thar gredest and mog significant applicaion
in the representation of time series daa but are gpropriate to represent any entity
measured on a ontinuum (e.g., heght, weight, temperature, areg. The term "curve
graph” will primarily be used heein; however, the guiddines apply to boh curve and
arithmetic line graphs.

a. Congder the wrve graph to potray atime series when many ponts are plotted,
several time series are mpared, and when emphasis is on movement or trends
rather than on actual amounts.

b. The curve graph can be used effectively to show projections or forecasts.
3.3.6.6 Surface graphs

Surfacegraphsare esentialy types of curve and arithmetic line graphsthat are shaded or
textured to provide greader emphasis (see Appendix C for dealed gudance on
condruction). Spedficdly, a surfacegraph is a plot of oneor more lines, curves or steps
where the distances between the plotted graphic dements are fill ed with crossaching,
shading or color to crede strata or layers. Surface graphs can be used to potray
component relations (e.g., to potray a total and its component or to show how the
component parts of a total changein importance over a span of time). However, unlike
arithmetic line graphs surfacegraphs cannot diredly show forecats, estimates or other
projections and multi-strata surface graphs are difficult to read.

3.3.6.7 Pie charts

This chat, also known as a sedor graph or sedogram, is a drcular graphic used to
display component relations the propottion o the @mponents to the whole. The various
sedors of the drcle represent component pats of an aggregae or total and show the
relative distribution of quantitative data among the components or categories.

Use In the use of pie charts, there are specific guidelines for the indicated areas.

Number of conponents. Use apie dat to potray a total tha congsts of no more
than five components or categories.
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Focus attention on sngle mmponent. Use pie dharts when it is important to focus
attention on one important component or category of a total.

Subbtals. A pie dat can beusd effedively when its components provide useful
subtotals.

Restrictions on useThere are three areas of restrictions on the use of pie charts.

Conparison of conponents. Genegaly, the use of pie tats to compae the
components of a total should be aoided. Alternaive graphic forms tha require
linea measurement should be used, when possble to doso (e.g., bar graphs column
graphs and curve and arithmetic line graphs).

a. Pie dats require estimation of angle or area Becaise the ge ca
compae linea distances more eaily and acarately than angles or aress,
the omponent pats of atotal can usudly be shown more dfedively in a
graph using linear measurement.

Multiple pies. A pie dhart should na be used when a cmparison cdls for more than
one divided total. Do not use pie dats of different sizes to compae totals of
different sizes.

Display area. When the anountof spaceis an important fador, congder aterndive
graphic forms. Pie dharts require several times more spacethan linea compaisons
and in addition, are more limited in their range of useful variations.

Construction The following guidance addresses construction of pie charts.
Sectors Concerning sectors:

a. Arrangethesedors of a pie dhat from largest to small est, beginning with
the largest sector at 12 o'clock.

b. To differentiate the sedors, highlight the sedors usng shading coding,
color coding orcrosshaching. When piinting a pie chat, bladk and white
without cross hatching is usually preferred.

c. To emphasize apaticular sedor of a pie hat; consde highlighting the
sedor by speda haching o shading, a by displadng the sedor from the
remainder of the pie chart

d. When a sedor has sibcomponeits, consde displadng tha sedor and
dividing the sedor into its componet pats outside the pie to provide
added emphasis and detail.

Labeling Concerning labels

a. Placethelabdsindgdethesedorsif there is afficient space otherwise the
labds should beplaceal in contiguouspostionsoutside the drcle usudly
with an arrow pointing to the appropriate sector.

b. Placethe pecentages or othe absolute values represented by eab sedor
directly below the identifying label
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3.3.6.8 Flow chart

A flow chat is a diagram of fads and relations(e.g., po#tiond, hierarchicd, fundiond,
conceptud structural, or sequentia relationg. It depicts nonquatifiable relationships
among persons events, operations processs, components, data or other entities. Process
charts, oganizaiond chats, spider charts, progress charts, time line dats, and time-
and-activity charts are considered types of flow charts.

Use. Flow chats can be used effedively to present a large numbe of fads and
relationships smply, dealy, and acarately. To avoid an extensgve or somewhat involved
verbal description of facts and relationships use a flow chart other than text.

a. Use flow chats to potray sequences in processes, events and olganized
opeaations (e.g., a flow chat tha shows the spedfic sequences of events in the
design, development, produdion, and indalation and test of an information
system).

b. Use flow chats to potray lines of authorty in omanizaions fundiond
relationships time stages and ohe subjeds (e.g., a flow of income ad
expenditures, an organizaiond chart of a DAAC, and atime line (Gantt) chart of
projeded produdion time for the stepsin developing jobsfor doaument and dda
production).

Construction The following guidance addresses construction of flow charts.

a As avalable, ue a standad symbology, conventions and piocedures (e.g.,
display content usng the left-to-right and top-to-bottom reading convention) to
construct flow charts, especially when constructing organizational charts.

b. The flow chart title and each element should be labeled clearly.

Processchart. This graphic form provides a systematic description of a processor work
cycle involving adiviti es of humans, agents or objeds and provides other information for
andysis (e.g., time required, distancemoved, cods). A processchart, which is conveyed
in atabular schematic format, uses symbolsto patray the sequenceof al relevant adions
or evens ocaurring durng a process Process charts have avariety of uses, but hey are
used mog often for andysis, for job indruction and training, and to show ways of
improvement.

Flow charts as graphic aidsFlow charts can provide useful graphic aids.

a. Consde udng flow charts tha depict relationships among system components,
processes, or daa as graphic adsto help users lean abouta computer system and
its opaationd procedures. To condruct these flow charts use the prindples and
pradices for congructing flow chats endorsed by the American Nationd
Standards Institute (ANSI), as applicable (e.g., ANSI X33-1970).

b. Consde providing computer generated displays of process charts to assgst users
in managing or analyzing operational activities.
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3.3.6.9 Mapdisplays

Map displays show geographic relationsamong opeations adiviti es, resources, objeds,
or other subjeds of interest. Situaion maps topogiphic maps and statisticd maps are
types of mapisplays.

Construction The following guidance addresses construction of digplays.
Map symbols Concerning symbols in map display construction:

a. Standad symbols -- Use standad symbology on dgital maps, whenever
available.

b. Exad locaions-- Placesymbols onthemap at exad locaions Whenitis
not possble to placesymbols at exad locdions placethe symbol nea the
locdion and u® an arrow to indicae its exad locdion. However, always
condder aternaive ways of presenting the map display to reduce its
densty and circumvent the neal for usng arrows to conned¢ symbols and
locations since the arrows add clutter.

c. Overlap -- Map symbols sould not overlap, unkssthe symbols can be
clearly and unambiguously identified.

1. When graphics daa ae in the process of beng changed or
automaticdly updded by he system (i.e, when daa ae moving on
the display), symbols temporarily may ovelap and obsure other
symbols or permanent background features.

2. Prioritize graphic dements or daa cdegories, identifying which
elements may be obsured by ohes. Restore the obsured or
overlaid elements when the updde is completed; and ensure tha no
elements are gased from thedisplay duiing the processof obsuration
and restoration.

d. Labds. Map symbols and fedures require identifying information so they
can be tealy undestood. Provide labds of symbols and oher map
features directly on magtisplays.

1. If the dendty of the display predudes the use of contiguouslabds,
condder displaying labds and additiond information about te
display items in a legend or key or supplementary display. Also,
condgder allowing the user to ob&in the information by ®leding or
pointing at the item of interest.

2. The labds should be postioned consstently in relation to ther
referent symbol or fedure. Unnecessary variability in the arangement
and oganization of the display addsto the time it takes the user to
perceive and then process the information on the display.
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Background features. To assst opeatorsusers in thdar design of effedive
topogiphic displays, familiarize them with the optimum combinaions of
background features (e.g., topography, vegetation, contour lines, grid lines).

Contour lines Concerning contour lines:

a. Avoid the use of contour lines representing gladudions fineg than 20
meters becaise they producevisud clutter and poentially can cause g/e
fatigue.

b. Do na rely solely on ontour lines to separate the aeas of a map display.
So tha unambiguousfigure ground relationships will emerge, consde
differentiating the display surfaceby using texture, shading, color or shape
of objects.

Framed redangle graphs As an aterndive to shading, consde usng framed
redangle graphsto encode daa on statisticad maps. Shading requires judgnents of
densty, and framed redangle graphsrequire judgmnents of postion along noraigned,
identicd scdes. The latter judgments are paformed more acarately. In addition
shading patterns can create adverse visual effects. (See Figure 3.3.6-2.)

Average Granules Requested Per Day by State in the Continental United States

Granules

O o0-10
0 10-20
@ 20-30
W 30-40

Figure 3.3.6-2. Shaded statistical map
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Graphic aids for map dsplays. Design of graphic ads for map displays requires
attention to several areas of concern.

Presentation tedhniques. To draw attention to spedfic aea of interest or
importance on a map display and to fadlitate user integration of the information,
consider using two-dimensional and three- dimensional presentation techniques.

a. Two-dimendond: Consder displaying the aeas of the map by sparating
them.

1. To highlight the aea of interest, use lor coding, shading,
symbology o segregae the aeas of interest from therest of the aeas
on the map

2. Display the areas of interest and leave the rest of thebfaag.

b. Threedimensond: Condgde displaying the aeas of interest as blocks
rising above or sinking below the surface of the map

1. Consde displaying the map's entire surface aea & a lower angle to
show its levels. Highlight the aeas of interest by depicting them as
peaks (above surface) or valleys (below surface).

2. Do not us level on threedimensond map displays to encode
statisticd daa, unless only gross largescde @mpaisons are
required. In such displays, it is too difficult for an opeator/user to
make judgments of position along non-aligned scales.

Coding and squendng tedniques. Condde usng a @ding or sequendng
tedhnique to segregate and highlight symbolic information on hgh-densty map
displays, paticularly for displays where the pictographs and oher symbology may
overlap temporarily and are repeatedly updated.

a. Coding techniques: To make seleded pictographs and ohe symbology
on a wmplex map display more distinguishable, consder usng doubé-
cue coding and color codirtgchniques.

1. Double-cue @ding. This coding techniqueis advantageousbecaise it
does not add nev symbology to the display, but rather augments a
measurable dimengon of existing symbology (size, length, width).
For example, to denote an update or changein status of a feaure on a
digital map display, the spedfic unit pictograph can be enphasized by
blinking the symbol on and off.

2. Color coding. Color is a dominant coding dimensgon, and it may
obviate the perception of feaures codal in other visud dimensons
Therefore, in complex map displays, consde color coding those
symbols tha provide information tha is of primary or first-level
interest to the opaator/user. When piimary information requirements
are not known or if the display will be used for multiple tasks,
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consde pladngthe ®lor coding under opeator/user control (such as
by means of function keys).

b. Sequenang tedniques: Provide sequendng tedhniques as dandad
fundionsin the interface Sequencng tedhniques can reducethe number
of symbols on map displays at any ore time by displaying segments of the
entire display ove time. Also, sequencing tediniques permit the
opeaator/user to view areas of interest when the map excealsthe cgadty
of a single display frame.

1. Congde fadlities tha will pemit the opeator/user to display
segments squentialy in discrete state views, or fadliti es tha will
permit the user to scan the display segments.

2. For digital map displays, condder providing fadlities to display
topogphic information sequentially with an ovelap béween views
to facilitate operator/user integration of the information.

Panning tedhniqgue Condde providing a panning cagability to pemit the
opeator/user to examine an areaof interest in greaer detal when the display area
excedls the caability of a single frame in terms of extent and level of deail. The
panning cgpability will permit opeators/users to move ®ntinuousy ove a map
display in any diredion withoutencountring any internd boundaies imposed by the
predefined display framing.

Zooming technique Consde providing a 2oming capability, that will permit
opeators/users to expand the map display for viewing at variouslevels of detail. A
zooming cgoability will alow opeatorsusers to control and pesondize map
displays, so tha the displays can more dfedively satisfy individud information
requirements.

a. Condder designing the map displays with hierarchicd levels of portrayed
deall and labding so tha the opeaator/user can zoom n to examine an
areain greder detail and zoom out for an aggregated display. However,
when graphic data ae layered hierarchicdly at different levels of ddail,
complex data files and data management techniques may be required.

b. Also, consder implementing zooming as a ontinuousfundion, by which
a display can be expanded to any degree.

Inset. To assst the opeator/user in maintaining oifentation when usng a
sequencng, zooming, panning o other techniqueto examine asegment of the entire
display, provide some type of graphic indicator of the arrent postion in the overall
map display. Condder usng an inset tha gives adynamic scde-modd representation
of the displayed area mapped onto a block representing the entire display surface.

Normal display mveaage If panning, zooming, orother techniques are avail able to
theopeator/user tha cause a hiangein thenomal display coverage provide an easy
means for the user to return to the nomal display coverage (e.g., the use of fundion
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keyslabded "Return” or "Reset"). Normal coverage may be opaator/user defined o
predefined by defaullystem parameters.

Dynamc capabilities. Consde providing dynanic display capabilities that will
permit opeators/users to simulate adivities on a dynamic display (e.g., software or
hardware achitecdure mimic displays). Such a cgability is paticularly important in
troubleshooting applications to support the decision-making process.

Analytic aids Use the following gudance when designing andytic ads for map
displays.

a. Distance judgnents. When opeatorsusers mugd judge distances
acarately on amap, consdder providing computer aids for tha purpo<e.
For example, consder permitting opeators/users to seled any two ponts,
and have the system provide the separation distance.

b. Topogephic andysis. Consder providing computer aids to hdp
operators/users perform analysis of topographic displays.

3.3.6.10 Three- or more-dimensional forms

Gengadly, theuse of three or more-dimensond presentation formats sould be restricted
to opeatorsusers who are familiar with advanced statisticd presentation formats,
techniques and methodologies.

Pictographic scales. Condde usng pitographic or chaader scdes to present
multidimensional data (e.g., Cernoff's faces, sunflowers, weathervane, stars or polygons).

a Seed and design pictographic scdes  tha the scdes are separable. The scdes
should allow the opeator/user to easily shift attention from one ©ded asped to
another.

b. Seled and design pictographic scdes 9 tha the individud values coded can be
integrated to form an overall impression of trends in the data.

Multiple displays. Consde usng a series of smal multiple displays to present
multidimensond daa (e.g., multiple bivariate displays to present multidimensond daa
of four variables).

3.3.6.11 Dynamic displays
Use the following guidance for dynamic displays.

Changing values. Updae dphanumeric values tha an opeator/user mug reliably read
no more than oncepea send. When the display isto be onsdeed as red time, updde
aphanumeric values tha a viewer uses to identify rate of changeor to read grossvalues
no faster than five times per second, and no slower than two times per second.

Updatk rate. The rate of updde on a dynanic display should be ontrollable by the
operator/user and shall be determined by the operator's/user's informational requirements.

Display freeze. Provide adisplay freezemode to alow the opaator/user to scrutinize
closly any seleded frame that is updded or advanced automaticaly by the system. For
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frozen display frames, provide an option to alow the opaator/user to resume the display
at the point of stoppage or at the current real-time point.

Freeze fealback Provide an appropriate labd or graphic indicaor to remind the
operator/user when the display is in the freeze mode.

3.3.7 ECS Icons

Icons are often usd in a user interfaceto provide an additiond means of accessng
common fundions One of the primary ben€fits of iconsis ther ability to hdp a novice
opeaator/user lean thesystem. Thisis becaise familiar objeds all ow the opeator/user to
make inferences about he system. lcons are dso easier to lean and piocess than
unfamiliar text-based commands Anothe advantageis the anountof information icons
can present in a limited display space Icons promote faster processng and recdl of
images with lessinterference with cognitive processng. They ease leaning, recdl and
recognition and also provide visual appeal.

Representationd icons congst of simple pictures or symbols which have propeties or
charaderistics which are similar to the opeation to be peformed, e.g., a picture of a
scisors for peforming the "cut" portion of a at and pate task. Abdrad icons are
composed of oneor more geometric symbols which depict a @mmputer objed or opaation
tha cannot be represented by familiar symbols or pictures. An abdradion which
cgptures themeaning o a picture rather than the spedfic detail s or spatial relationsin the
picture will be more ealy remembered by the opeator/user. Applicaion/problem
domain, menu depth and kbreadth, operator/user experience task and symbol condruction
are some of the fadors which mug be ©ntrolled when developing and evaluaing icons
(Kacmar and Carey, 1991).

The following guidelines on the use of icomsre drawn from NASA, 1992:

- Give eab icon atext labd which correspondsto the objea or adion. Do not kt
the labelobscure the ican

- Highlight iconsselected by the user.

- Use the same icorer the same objedtsctions across applications.

- Do not use abstract or humorous designs for icons

- Make each icoma simple, closed figure.

- Make the icorbig enough to be seen, recognized and selected easily, generally
- 5mm on a side separated by at least 3mm.

- Make each icomepresent a single objeat action.
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3.3.8 Display and Printout of Tabular Data

Data can be displayed in tabular (row-column) format to aid ddailled comparison of
ordered sets of items. Displays/reports tha require the opeaator/user to trangoose,
compute, interpolate, or mentally trandate into other units or numericd basis sould be
avoided.

3.3.8.1 Tables for Data Comparison

When information handling requires detailed compaison of ordered sets of daa, adopta
tabular formafor data display.

3.3.8.2 Logical Organization

Organize tabular data in some remgnizable order to fadlit ate scanning and assmil ation.
For example, organize dates chronologically and names alphabetically.

3.3.8.3 Table Access by Row and Column

Condruct atable so tha row and column labds represent theinformation a user has prior
to conaulting thetable, i.e., theinformation that can beused to accesstable entries for a
particular task.

Example: If auser’s task were to deermine daaderistics of variousraw materials,
then a table might be organized as:

Raw Transport Processing Consumer
Material Costs Time Acceptance
A High Slow Good

B High Fast Good

C Low Slow Good

D High Slow Poor

E High Fast Poor

F Low Fast Poor
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wheress if the user’s task were to identify wha raw material meds certain criteria,
then the table might be organized as:

Consumer
Acceptance
Good Poor
High Fast Processing B E
Transport
Costs Slow Processing A D
Low Fast Processing - F
Transport
Costs Slow Processing C -

3.3.8.4 Tables Referenced by First Column

When tables are used for reference display/printout the reference items, i.e., those by
which the table will be accesd, in the left column; display/printout the material mos
relevant for user respons in thenext adjacent column; and display/printout asdated but
less significant material in columns further to the right.

3.3.8.5 Items Paired for Direct Comparison

If daa items mug be @mpaed on a barader-by-charader basis, display/printout one
item directly above the other.

3.3.8.6 Row and Column Labels

Labd the rows and columns of tabular displays/reports in acordancewith the following
guidelines:

a.
b.

Identify each data field with a label

Choos aword or phrase to labd ead field that describes the daa mntent of tha
field.

Enaure that labds are worded congstently, so tha the same daa item is given the
same labeif it appears in different tables.

Ensure that labelare worded distinctively from one another.

Place edc labd in a congstent locaion aboveor to theleft of its asodated dda
field(s).

Enaure tha labds are distinctive in format/postioning to hdp users distinguish
them from data and other display features.

Enaure tha ead labd is aufficiently close to be adated with its data field, but
is separated from its data field by at least one space.
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. Indudetheunits of measurement for displayed daa ather in thelabd or as pat of

each data item (e.g., Distance (km): or Distance: km).

Adopt a consisterformatfor labeling the rows and columns of displayed tables

When rows or columnsare labded by number, start the numbering with “1" rather
than“0".

3.3.8.7 Repeated Elements in Hierarchic Numbering

For hierarchic lists with compound nurbers, display the @mplete nunbers; do notomit
repeated elements.

Example (Good) Example (Bad)

2.1 Position Designation 2.1. Position Designation
2.1.1 arbitrary positions 1. arbitrary positions
2.1.1.1 discrete 1 discrete
2.1.1.2 continuous 2 continuous
2.1.2 predefined positions 2. predefined positions
2.1.2.1 HOME 1 HOME
2.1.2.2 other 2 other

3.3.8.8 Labeling Units of Measurement

In tabular displays/reports, either congstently indudethe units of measure in the @lumn
labels or else place them after the first row entry.
Examples: Or:
Time Velocity Temp.
(s) (m/s) (°C) Time Velocity Temp.
5 8 25 5s 8m/s 250C
21 49 29 21 49 29
43 87 35 43 87 35

3.3.8.9 Consistent Column Spacing

Maintain consistentolumn spacing within a table, and from one table to another.

3.3.8.10 Column Scanning Cues

Sepaate the olumns in a table by enough baénk spaces, or by some other distinctive
fedure, to ensure separation ofentries within arow. For mog tables, a olumn separation
of at least three spaces $ould bemaintained. The spadng beéween columns $ould be

greate

r than any internal spaces that might be displayed within a tabular data item.
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3.3.8.11 Row Scanning Cues

In dense tables with many rows, insert a blank line (or some other distinctive fedure)
after a group of ows at regular intervals. For many displays/reports, it will suffice to
insert a line after every five rows.

3.3.8.12 Justification of Alphabetic Data

Show columns of alphabetic data with left justification to permit rapid scanning.

Example (Good): Example (Bad):
APL APL
COBOL COBOL
FORTRAN FORTRAN
PL1 PL1

3.3.8.13 Meaningful character strings in Alphanumeric Data

When grouping aphanumeric chaaders, aaonyms or short, meaningful charader strings
should beused rather than randomly seleded charaders tha have littl e relevanceto the
system. In the ca&e of a small classficaion system, it may be alvantageousto have
vowels between consonants to make pronunciation easier.

Example (Good): Example (Bad):
Jeep 2631 L2XW 2631
Van 2573 VNK 2573

3.3.8.14 Justification of Alphanumeric Data

Alphanumeric daa should be left judified. When five or more dphahumerics are
displayed and no néural, i.e., popubtion stereotype «ists, charaders should begroupel
in blocks of threeto four charaders. If aseriesisto be 10 urits, then its gructure should
have distinct groups of 3, 4, 3 instead of no form of grouping.

Example (Good): Example (Bad):

A62 4156 317 A624156317

Groups should be separated by one blank character, in general.
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3.3.8.15 Justification of Numeric and Decimal Data

Judify columns of numeric daa with resped to a fixed deémal point; if there is no
decimal point, then numbers should be right justified.

Numeric Decimal
8437 48.28
28 8.0
439 6.8
26 4.333

3.3.8.16 Maintaining Significant Zeros

When an opeator/luser mug enter numeric values that will |ater be displayed/printed,
maintain al significant zeros zeos $ould not be abitrarily removed after a deamal
point if they affect the meaning of the number in terms of significant digits.

3.3.8.17 lllustrative Examples of Tables

In summary, effedive displays/reports present data in a ussful and meaningful manne
tha ensures the rapid assmilation of its content by opeatorsusers. Effedive tabular
presentationsindudethe dements of organizaion, labding, and cues to aid operator/user
scanning of tabular data. Two integrated examples of tables, onegoodexample aad one
bad example, are presented in Tables 3.3.8.17-1 and 3.3.8.17-2.
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Table 3.3.8.17-1. Tabular Display (Good Example)
AUTOMOBILE OWNERS Page 1 of 4

LICENSE EMPLOYEE EXT DEPT
MA 127 395 Michaels, Allison 7715 91
MA 135 449 Duvet, William 3898 81
MA 227 379 Smithson, Jill 2491 83
MA 227 GBH Zadrowski, Susan 2687 53
MA 253 198 Jenskin, Erik 3687 31
MA 286 PAM Hilsmith, Joseph 2443 100
MA 291 302 Leonard, John 7410 92
MA 297 210 Toth, Kelley 7538 45
MA 328 847 Cooksey, Roger 2144 84
MA 342 NCG Hesen, Christopher 7544 21
MA 387 923 Maddox, Patrick 7070 68
MA 375 NRC Ashley, Maria 3397 34
MA 378 388 Wheatley, Katherine 2638 58
MA 385 248 Malone, Frank 2144 64
MA 391 293 Lowman, Edward 8263 77

This sample printout represents a table for finding the owner of a ca with a particular
license plate. (The fundion of the display/printout is to identify an employeewho has
paked in thewrong phce orwho haleft heallights buming.) In thegoodexample, data
are ordered by license number to aid the search.

Thebad printout is ordered aphabeicdly by employees' last name, which will not prove
hepful for this task. The bad printout is annotted to indicate severa other violations of
the HFE design guidelines related to tabular displays of data.
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Tables 3.3.8.17-2. Tabular Display (Bad Example)

Automobile Owners

Maria Ashley 3397 MA 375 NRC 34
Roger Cooksey 2144 MA 328 847 84
William Duvet 3898 MA 135449 81
Christopher Hesen 7544 MA 342 NCG 21
Joseph Hilsmith 2443 MA 286 PAM 100
Erik Jenskin 3687 MA 253198 31
John Leonard 7410 MA 291 302 92
Edward Lowman 8263 MA 391 293 100
Patrick Maddox 7070 MA 387 923 68
Frank Malone 2144 MA 385 248 64
Allison Michaels 7715 MA 127 395 103
Jill Smithson 2491 MA 227 379 83
Kelley Toth 7538 MA 297 210 45
Katherine Wheatley 2638 MA 378 388 103
Susan Zadrowski 2687 MA 227 GBH 53

This bad tabular daa display/report violates in some degree several HFE design
guidelines:

- logical organization

- table references by first column

- row and column labels

- consistent column spacing

- column scanning cues

= row scanning cues

- justification of numeric data
Variousothe guiddines are dso violated in this bad example, induding those pertaining
to identification of multipage displays/reports and display of coopbbns.
3.3.9 Tailoring the System

A tail oring fundion all ows the opaator/user to modify pats of the system acording to
individud preferences. Opeator/user-seleded preferences are stored in the system and
are remembered from sesson to sesson. Preferences only neal to be etered once This
type of cugomizaion provides a greaer sense of flexibility and user satisfadion. Below
is the list of recommended opeator/user preference settings For further discusson
regarding the use of operator/user preferences, see Section 3.3.10.5 of this document.
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- Date/Time formats. settings indude e.qg., 12- or 24-hour clocks, dd/mmlyy,
M/D/Y, hh:mm, Western calendar, European calendar

- Coordinae formats. e.g., LatituddLongitude Universal Transverse Mercaor
(UTM)

- Window placemenschemesfixed position or user-selected position

As mentioned, opeator/user tailoring piovides flexibility and incresses opeator/user
satisfadion; however, thelevel of tail oring feaures avail able should be weighed carefully
and kept to a reasonable number for several reasons Firdt, tailoring adds an additiond
layer of fundiondity to the system which aso addsto the opaatorsuser's leaning load.
Sewond, this is a feaure used primarily by the epeat opeatorsusers. Novice
opeaators/users dill neal a goodinterfacewith which to work. Do notput al hopefor
opeator/user satisfadion in the taloring fundion. Tailoring the interface ca aso
increase the difficulty of hdping oher opaator/users. If an opeatorsuser's interfaceis
radicdly different from the baseline interface providing opeator/user assstancewill be
especially difficult.

Items which shouldhot be made readily available for operator/user preference settings:

» Color schemes (color will be set in an applicaion ddault fundion at ECS
implementation)

- Fontstyle (e.g., typeface size, bold, itaic, undeline) (font style will be set in an
application defaulfunction at ECS implementation)

- Modification of function labels

- Layout of widgets in a window

3.3.10 International Considerations

Several points of interest are listed bdow to highlight the fad tha the opeator/user
interfacehas to consder the spedal neals of other counties and cultures snce ECS is
ultimately intended to be used internaiondly. Several of these options $iould be
included as operator/user preferences.

« An X-mark in Japan is used to indicate an unwanted option. For example, in this
case background printing would be turned off.

Background Printing

- Many counties use daader sets beyond the A-Z aphabet. As Figure 3.3.104
illudrates, it isimportant to allow at least two extra pixels for diaaiti cs above and
below the normal line of characters.
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Upper two pixels for above line diacritics

Lower two pixels for below line diacritics

Figure 3.3.10-1. Example Diacritics for International Users

» Thee ae differences in theway currency values are written. The @mma, peaiod,

and colon are examples of valid sepaators for currency. The arrency symbol
may be up to 4 characters. Valid currency values include:

Sch3.50
SFr.5.-
760 Ptas
kr. 3,50
25c
10,000.00
10.000,00

Dates can be written in different formats based on bcde. Hyphens commes,
periods gpaces, and dashes are dl valid sepaators for date notations They can be
used in different places in the notation o left out completely. Thelocaion o the
month, day and yea can all bereversed. Many European counties use the week
number as a referenceto a dae (e.g., Data request will be recaved duling Week
30). With no ®ngstent opegator/user convention for daes, it is best to us the
month name or abbreviation to eliminae potential ambiguity aboutwhich number
is the month and which is the day (Brown, 198Bate notations include:

Jan 5, 1994
5/1/94
5/1-94
1994.1.5
940105

» Telephone numbes adso indude alarge numbe of valid separators. Blanks,

commes, peiods and squae bradkets are dl valid in a phonenunber. They can
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be displayed in locd, naiond, and internaiond formats. Nationd formats may
indudethe aea ®dein paenthesis, where the internaiond format may have a
+ dgnin front of the number to indicate the @unty code Thefollowing are dl
valid phone number formats

(079) 473589
+55 (079) 555555
612,437,9247
(1) 612-699-0023

3.3.11 General Principles

The pumpos of this subsedion is to provide some general, ovaarching pinaples tha
fadlitate @ngstency in ECS opeator/user interface design and guide opeator/user
interfacedesignas in the aedion of produds which inarease opaator/user effediveness
and satisfadion. There ae ten general prindples that are paticularly important in the
development of ECS opeaator/user interfaces. Ead is presented hee with spedfic
guidelines for its application in design of ECS user interfaces.

3.3.11.1 Be Consistent

People percave asystem as asingle entity and exped the system to look, ad, and fed the
same throughout(Galitz, 1985) Congstency in presentation and opeation gives the
system a single look and fed, promotes a postive trander of opaator/user skill s, lesens
thetimeit takesto lean asystem and nmekes the system easier to use. It also improves an
opeaator's/user's produdivity by leading to a highe throughputand fewer errors (Nielsen,
1993) The following guddines recommendad by Shndaderman (1987) and Open
Software Foundation, Inc. (1991) are applicable.

* Use ongstent and familiar terminology induding abbreviations aadonyms, and
mnemonics

* Be @mngstent in the placanent of fundions This lessens the processng time it
takes for the operator/user to identify and access desired functions.

» Use color consistently

» Use a consistent format all displays:

- Icondesign and meaning - Title field location

- Menubar location - Message location

- Cursorshape and function - Cursorhome position
- Field delimiters - Color meanings

- Data entryprompts - Alarms and warnings
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* Require consistersiequences of actions in similar situations:
- Command terminology - Command meanings
- Editing procedures - Function and Command keys
» Ensure that the same action always has an identical result.
3.3.11.2Keep It Simple
Simplify interface complexity by applying the following guidelines:
» Use familiar, consistenaind concise terms.

* Oneword labds on interface omponents are preferred ove phrases. Thelonge
the label the longer it takes for the operator/user to read it@erdorm the task.

» Use abbreviationsand aaonyns only if thedisplay does not have sufficient space
for the unabbreviated word orif the dbreviation or aconym is more omnonly
used than the full word or phrase (NAS2992).

» Keep control sequences short.

* Make aiticd information evident. Make the mos frequently used fundions
accesble from thetop level framework. Fundionstha are aiticd to performing
the operator's/user's task should be displayed at the top level as well.

* Minimize menu depth (2 levels) and kegp menu breadth modeaate (8 to 16 iems)
(Kiger, 1984).

» Téell the opeaators/users only what they nea to know Apple Computer (1992)
encourages the use of "progressve disclosure”, i.e, presenting the mog
commonly used choices to opeatorsusers while initialy hiding the more
complex choices or supplementary information.

* Present only information relevant to the opegatorsuser’'s job. Do not present
information onthe screen relevant to the system software or its workings(NASA,
1992).

» Screen clutter should beminimal. Keep the number of controls, colors, and dda
sets to a minimum.  See sedions 3.2.6 and 3.3.11.5 dr more deail regarding
color use.

3.3.11.3 Operator/User Contrahd Feedbactf ECS Software

ECS software will be developed to provide opeator/user control over ongong computer
opeaations and feadbadk on the status and outome of opeaator/user commands entered
into the omputer. Control and feedbadk are provided to suppot opeator/user
produdivity, prevent designinducel humen error tha leads to unpodudive outcomes
and system failure, and to ensure the resilience of the user interface to a range of
opaator/user responss. Acoording to the NASA HCI Guiddines (1992) "resili ent
software can handle minor deviations anticipaes wha the user neals or wants, and tries
to figure out wha theuser is doing. The system then prompts the user prior to command

ECS User Interface Style Guide 99 410-TD-001-003



exeaution." The sedionsthat follow identify human fadors guiddines tha suppot the
provision of control and feedbat&k ECS operators/users.

Give the Operator/User Control. Let the opegator/user, not he omputer, set the pace
Follow these guiddines to design an ECS interface which fundions acording to the
operator's/user's command:

* Prevent errors whenever possible.

- Usescde basto inputvalues from a wmntinuousrange These can be oriented
verticdly or horizontaly. In cases where very spedfic values are possble,
e.g., 1.3421, mvide an asodated field where the opaator/user can type the
value.

- Show valid ranges for input values.

- Use formatted text fields where the opeator/user is required to enter text in a
specific format

- Show adl necssry seedion optons For example, provide
two toggle buttons if options are "On" and "Off",
+ On
O Off
ingea of one push butbn which toggles between "On" and "Off" when
selected.
On

The single labd does not present al avail able optionsand it is not clea wha
the resultant action will be when the button is selected.

- Use shading to indicae options that are not available in a speafic system
state. Context sendtive hdp may beused to describe why the fundion is not
available if shaded objects are selected by the operator/user.

* Provide dea exits from system states and fundions Thesystem should alow the
opeaator/user to cancd an adion a return to a previous $ate in as many situaions
as possible.

» Permit easy reversal of actions, such as an "undo" command

* Make "undo" itself reversible. A second"undo™adion should do agan whatever
was just undone (NASA, 1992).

* Require users to confirm tha they want to peform a aiticd, poentialy
hazardous, or destructive command before execution (NASA, 1992).

» Usediaog boxesto confirm adionstha will ddete aiticd information. Describe
speaficdly the events that will ocaur as aresult of the ation. For example, "All
selected files will be deleted".
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* PushButtons should adivate fundions when the mouse button is released, rather
than when the mouse button is presed, ove an objged. This allows the
opeaator/user to move the arsor out of an obed before releasing the mouse
button, thereby cancding input © tha objed. (This is accomplished by usng the
"adivate cdlbak" versus the "arm cdlbak” in the OSHMotif widge
definition.)

* Prompt the opaator/user when time intensgve opeaationsare peformed, and all ow
the opeator/user to cancd these opegations (Time intendve is anything 10
sewndsor longe in duition.) For example, when a seach for daa requires
more than 10secnds the system should adivate adialog indicaing an estimated
time to complete and the aility to cancd theseach process Thelimit for having
the opaator/user fed the system is respondng immediately is 0.1 seconds The
threshold for uninterrupted train of thought & approximately 1.0 £wmnds even
though the dday is noticedle. Ten seomnds is the limit for keeging an
operator's/user's attention.

e Permit opeaatorsusers to resize the horizontal and veticd dimensons of
windows and to move windows to different locaions on the display (NASA,
1992). See Section 3.1.1 for further details on window characteristics.

Provide Useful, Responsve Feedback Feeadbad demondrates tha opeaator/user inputs
have bee receved, tha outputs are bang generated, or tha an error has ocaurred.
Operator/user fealbadk should beinformative and immediate. For every opeator/user
adion there should be & obviouscomputer readion. Becaise ECS opeaators/users will
be working ove a nework, they will experienceddays dueto ndwork traffic. For this
resson, it is impeative tha opeatorsusers receve immediate feedbadk and status
consistentlythroughout the system.

Follow these guidelines for providing useful feedback

» Highlight objeds when they are sdleded. One &ample in Motif is objed
highlighting. Objeds may be highlighted with a border like the one shown in
Figure 3.3.11.3-1This is an option that can be set in a resource file.

OK Cancel Help <«— PushButton Highlighting

Figure 3.3.11.3-1. PushButton Highlighting

* Provide immediate, visible wes tha the system is responding to opeator/user
seledions When a button is sleded, it should appea pressd in with the
MousDown event and appea raised with the MousUp event. Menu seledions
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should appea raised, and windows should bedisplayed within oneseamnd ofthe
selection.

» Changethe arsor to the Wach Pointer when an adion is initiated that suspends
opeator/user input and takes more than two semndsto complete. When the
adion ha been completed, return the arsor to the previous syle. In the ECS
environment, when a process is initiated its duration may vary based on he
current level of network traffic. When this ocaurs, the Wach Pointer should be
used up to the 10-second limit and then a progress indicator should be displayed.

» Use progressindicators to graphicdly depict time intendve processng (anything
tha is 10 seandsor longe in dution). As mentioned, the opeator/user should
also have the adility to cancd time intendve opeaations Figure 3.3.11.32
provides an example of a progress indicator.

Working Dialog

Transferring file . . .

—— | i
I I |
@ 0% 25% 50% 75% 100%

Estimated time to complete: 3.0 min

OK

‘ Cancel Help

Figure 3.3.11.3-2. Progress Indicator

* Inform the opeator/user of system/status conditionsby displaying messages, for
example, processng deays, log-on falures, save opeaations and mail/ddaa
transmissions.

NASA (1992) ecommends these alditiond guiddines when providing opeator/user
feedback

» Do na provide aditiond feedbadk when the mmpletion d a command resultsin
a onsquencetha is easlly peceptible to the opegator/user. Clogng afileis an
example of a command that does not require additional feedback

* Use prompts to explain required inputs, commands error messages, System
capabilities, display formats, procedures, and steps in a sequence.

» Locde prompts at the locaion of the desired input whenever possble or place
them in a standard message ardae positive wording and active voice.
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« Use warningsfor adionstha may not be reversible, conflict with the opeations
of others, or require excessive processing time.

* Use warnings for adions tha will result in pemanent daa loss cannot be
interrupted, may invoke adllary system adions or which might compromise
information, e.g., proprietary data.

» Use specific, rather than generic, error messages for all errors.

» Use words to describe the eror. Codes and symbols in error messages are
difficult to undestand. They are dso inconvenient, sincethe user mug look up
thar ddinitions Figure 3.3.11.33 provides an example of an incorred error
dialog.

pd

N\
N \ Error Dialog /

Figure 3.3.11.3-3. Incorrect Error Dialog

» Provide eror messages which describe the spedfic eror and the ationsrequired
to corred the eror. For example, the system should respond wth adialog like the
onein Figure 3.3.11.34 if the user types an invdid month valueinto a date field.
If the opaator/user correds the eror prior to adknowledging the eror diaog, the
dialog should automaticdly deativate oncethe eror is correded. (SeeFigures
3.3.3-3 and 3.3.3-6 for illustrations of Error and Warning Dialog styles.)
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Error Dialog

Month must be
between 1 and 12.
Please reenter.

OK

Figure 3.3.11.3-4. Correct Error Dialog

* Make eror messages descriptive, but condse. Try to limit the message to two
simple sentencedJse simple, direct, positive language (NASA, 1992).

* Indude adescription of the system state, diredives for user adion, and the
consequences, if any, of failure to follow the directives (NASA, 1992).

3.3.11.4 Allow for Varying Work Styles and Expertise

ECS opeator/user interfaces $iould bedesignal to acomnodéae differing work styles
and levels of expetise (e.g., to acommodae opegatorsdusers who peefer to enter
commandsby typing and those who prefer to seled the @mmandsfromamenu a alist).
Varying work styles and expertise levels can be acommodaed by following these
guidelines:

* Provide multiple pahsto criticd fundions Providing accessto a single fundion
through a menu, a keyboad sequence or an icon on he tool bar alows the
opeators/users to develop ther own style of interading with the system. An
example for ECS is to allow the opaator/user to access"Results' from the main
meny from a button on the search window, or using a keyboard shortcut.

* Allow opeatordusers to set user preferences. Operator/user preferences are
settings tha affed the behavior or attributes within an applicaion. They are
stored in the system and remembered from sesson to sesson. A system should
provide preferences tha are useful and changeinfrequently. If a setting neelsto
be modified nunmeroustimes in a sesgon, it should beplaceal in a menu orother
interface éement to which the opaator/user has easy access (Apple Computer,
Inc., 1992) Opeators/users sould notbe required to enter preferences. These
settings $ould be options for frequent opeators/users who want to tailor the
interface to their personal work style.

» Use progressve disclosure (as discussed in Sedion 3.3.11.2}0 prevent a novice
opeaator/user from beng overwhdmed or intimidaed by system fundions(Apple
Computer, Inc., 1992).
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* Present alimited set of optionsand a small nunber of congstently used terms to
assst the novice opeator/user in ganing confidence with the system
(Shneiderman, 1987).

* Provide afundion tha allows users to set the level of desired feedbadk. Novice
opeaators/users will require more informative feedbad, while experts will exped
brief and less distrading feadbak. The fundion for setting level of feadbadk
should be cdegorized as a opeator/user preference Thededfault level of feadbadk
should be novice.

* ProvideondineHelp and permit the opeator/user to enter Help at any pant usng
asimple, standad adion for the user to request Help. Provide an easy means of
returning to the task after accessing Help (NASA, 1992).

* Provide epert shortcuts, spedal keys, hidden commands and ohe acceerators
to acomnodae frequent opegators/users (Shnaderman, 1987) These fedures
should provide alditiond pahways to fundions they should na replacethe more
simplistic interactiorrequired for novices.

3.3.11.5 Minimize Use of Color to Maximize Effectiveness

Use the olors identified for use in ECS opeator/user interfaces (see sedion 3.2.6 ad
Appendix B), unless there is a wmpdling reason to do ohewise. If it bemmes
necessry to ue other colors, the genea prindples identified in this subsedion can
provide additional guidance.

Initial opeator/user interface designs $iould be ceded in gray scde. Design for
monodirome first. Use mlor to enhance a othewise logicd design (NASA, 1992)
Color should be aded consrvatively. Use lor primarily for drawing attention to
important messages or feaures; indicaing status failures, or warnings increasing
realism; and grouping related elements.

Color should be aredundant cue, rather than the only thing tha distinguishes an oljed or
function. Text, location, shapes, and patterns can be used to help differentiate objects.

Be sure tha colors are used congstently throughout he system. If warningsare indicated
in red, al warnings $iould bered. Incongstent use defeds the pumpos of color coding.
The opeaator/user will not be @le to asdate meanings with colors in the interfaceif
colors are used inconsistently.

Be aware of the mlor expedations of the opegator/user comnunity. For example,
catographas consder blue & water, green as trees or forests, and dadk asroads When
appropriate, place a olor legend on he display or in a hdp fundion (Shnaderman,
1987).

Marcus (1986) and NASA (1992) offer these guidelines for use of color:

* Use amaximum of 5, plusor minus2 colors. For novice opeaators/users, use four
distina colors. For aesthdic reasons or for addal redism, use of more mlors
may be necessary.
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» Use foveal (center) and peripheral colors appropriately.

- Use bluefor large aeas auch as bakgrounds notfor thin lines, small objeds,
symbols, ortext. There ae relatively few blue sendtive @nes in theretina
Thus, blue objects appear dimmer and are more difficult to focus.

- When usng red or green, placein the ceter of the visud field, not n the
periphery. (The edges of the retina are relatively insensitive to these colors.)

- Do not use red as a background color.

* Use dak text, thin lines, and small shgpes on light badkgroundsfor viewing
situations where ambient lighting is bright.

Do not use highchroma, spedraly extreme mlors smultaneoudy. Avoid
contrasts of red/green, blugyellow, green/blue and red/blue becaise they creae
visual vibrations, illusions of shadows, and afterimages.

* Congde the neals of color deficient individuds attempting to use the screen.
Eight percent of males are red-green color deficient.

» Use familiar, congstent color codings It is paticularly important to provide
colors which are mngstent with varying cultural color codings snce ECS is an
international systemExamples of some common Western coding schemes are:

- Red for stop, warning, danger, hot, fire
- Yellow for caution, slow, test
- Green for go, OK, clear
- Blue for cold, water
- Grays, white, and blue for neutrality
» Use the same color for grouping related elements.
* Use the same color cofla training, testing, application, and publication.

* When pottraying a relative value for a single variable, use gradud color changes
to indicate the relative values.

Sutcliffe, 1989 provides these additional guidelines:

» To draw attention use high value high saturation colors auch as white, ydlow, or
red.

* To group a show similarity use mlors which are dose neighboss in the spedrum
such as orange/yellow or blue/indigo.

* To sepaate daa dooe olors from different pats of the spedrum such as
red/green, blue/yellow, or any color and white.

* To ode daa follow the spedrum - red, omange ydlow, green, blue indigo,
violet.
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Table 3.3.11.51 provides recommendel two-color combinaionsfor badkgroundand text
as well as a listing of two-color combinations which should be avoided.

Table 3.3.11.5-1. Background and Text Color Combinations
(US Space Command, 1993 and NASA, 1992)

TWO-COLOR COMBINATIONS (Text and background)

GOOD POOR

Black on Light Blue
White on Dark Blue
Yellow on Dark Blue
Green on Black
Amber on Black
White on Black
Yellow on Black
Black on White

Red on White

Blue on White

Black on Light Gray
Yellow on Medium Gray
Blue on Medium Gray
Red on Medium Gray

Red and Blue

Blue and Yellow
Green and Blue
Red and Green
Yellow and Purple
Magenta and Green
Yellow and White
Brown and Black
Yellow and Green

Black on Dark Blue
Magenta on Black
Green on White
Red on Black

Any Color on Red
Blue for Text

To make thin lines easily peaceavable, consde the @mbinaionsin Table 3.3.11.52
(NASA, 1992):

Table 3.3.11.5-2. Recommended Colors for Thin Lines on White and Black
Backgrounds

# of Colors White Background Black Background
1 Red or Green Yellow or Cyan or Green
2 Red and Green Green and Magenta
Magenta and Cyan Yellow and Magenta
Red and Blue Cyan and Magenta
3 Red, Blue and Green Cyan, Magenta and Yellow

3.3.11.6 Make it Legible

Font types, weights, slants, sizes, and colors affed legibility and usbility of the user
interface. Follow these guidelines to maximize legibility:
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* Use no more than two font types, two dlants, two weights, and four sizes in a
single user interface (Marcus, 1984).

» Use fontstyles and sizes consistendlgross the interface.

* Do notuse varying sizes or styles of fonts for any reason oher than coding, for
example, text as labelext as data, text as command input (NASA, 1992).

 Where @propriate, alow the user to control font size (US Sace Command,
1993)

 Where gpropriate, alow the user to control judificaion, line length, space
between lines, margins, and size (NASA, 1992).

» Do not use ALL CAPS. Use combinations of upper and lower case characters.
» Use 150% of character heigid defaultine spacing (NASA, 1992).
* Use 52-80 characters as defdmié length (NASA, 1992).

» Use wlors tha provide high contrast between text and ba&ground. Effedive
combindions of badkgroundand text colors are shown in Tables 3.3.11.51 and
3.3.11.5-2.

3.3.11.7 Consider Standard Interface Conventions

When designing a system it is important to condder the interface onventions of the
system basdline The standad convention ddined for the development of the ECS is
OSHMotif. Following standad OSHMotif conventions in the ECS graphicd user
interface design will reduce user training time, incesse familiarity and system
exploration, and reduce erors. Using a defined standad aso makes it easier for the
developes of the system. Mog of the interfaceobjeds and ther behaviors are dready
defined in the OSHMotif toolkits. The arrent standad Motif widgds are discussd
earlier in this document (see Sections 3.1 and 3.2).

Although standad conventions provide the alvantages cited above they also have
disadventages. Interfacestandads aso imply reducel flexibility in designing a system
tha nealsapplication spedfic taloring in order to med therequirements. Standads may
also limit enhancements and changeto a system to the point where it be@mes obolete.
Standads neal to evolve & new neals and nev tedhnologies emerge  Theae ae caes
whee the design will have to deviate from the standad to med the agplicaion
requirements.

In ingances where the standards do na apply, an ECS spedfic solution mug be defined.
In some caes, the gedion of a new widgd may berequired. To ensure omnondity,
any deviation from the standads or credion of new widges, should be recorded and
added to this document.

3.3.11.8 Use Real World Metaphors

As adesigna, you ca take advantage of people's knowledge of the world aroundthem
by usng metaphors to convey concepts and fedures of your applicaion (Apple
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Computer, Inc,, 1992) Fundionsmodded usng red world metaphors al ow the user to
apply established skills or expedations to computer interadions The Open Software
Founddion (1991)states that eff edive metaphois make it easier for users to infer how to
use an applicaion. An example of a metaphor is the folders used by he Madntosh
system. Users placefiles in folders, which is smilar to how had copy dowments are
organized. Thetrash can is another example of a metaphortha is familiar to mos users.
Users throw files that are no longer needed into the trash.

Knowledge of the user comnmunity, ther experience ad expedations will be important
in seleding metaphors for the ECS system. Using metaphors is an effedive means of
communicaing feaures of an interfface however, a designe mug be sure there is a
bdancebeween wha is suggested by the metaphor and the @mputer's ability to suppot
the metaphor (Apple Computer, Inc., 1992).

The following guidelines will aid in the design of metaphors:
» Use concrete representations of an item to express the metaphor.

» Ensure the metaphor clealy represents the intended meaning of the designe and
is understood by the operator/user.

» Use everyday, conventional metaphors instead of computer specific metaphors.

* Design with the undestanding tha the detail presented in the metaphor will
depend on the resolution of the operator's/user's display.

Metaphors mug provide the same meaning to all opeators/users. ECS designas mug
pay paticular attention to the meanings behind metaphois sleded for the internaiond
ECS opeator/user comnunity. Metaphors and icons used throughout he system will
have to bewell designad and tested with a variety of opeator/user groupsin oder to
prevent confuson. For example, if awall cdenda metaphoris used to identify temporal
ranges for daa seaches, provide cdenda formats which are familiar to the variousECS
operator/user communities (see Figure 3.3.11.8-1).

European Calendar

American Calendar 1 8 15 (22 |29

S
S M T w | T F S M |2 9 16 |23 |30
1 2 3 4 5 6 7 T 3 10 |17 |24 |31
8 9 10 |11 |12 |13 |14 w |4 11 |18 |25
15 |16 |17 |18 |19 |20 |21 T 5 12 |19 |26
22 |23 |24 |25 |26 |27 |28 F 6 13 |20 |27
29 |30 (31 S 7 14 |21 |28

Figure 3.3.11.8-1. Calendar Metaphor
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3.3.11.9Know the Operator/User

Knowing the opeators/users will enable designeas to develop an opeator/user interface
which employs an intuitive daa organizaion structure and familiar terminology. A
naural daa structure and lexicon all ows the opaators/users to focuson ther task, ingead
of on the tool they use to paform tha task. Studying opeator/user knowedge skill s,
abiliti es, and expedationswill hdp designes gan an undestanding of the opaator/user
cognitive modd of the task. The opeaator/user lexicon should also be studied when
determining the set of terms tha will be used to labd controls and obpds. Make the
software trangpaent and concentrate the design aroundthe opeaatorsuser's job (NASA,
1992).

Four elements instrumental in creating an effective operator/user interface are:
» Know the operators/users and their tasks.

 Empower opeatorsusers. Enable them to do her tasks effedively and
efficiently.

* Organize the system from the opgators/users peaspedive versus the software
development perspective.

* Incorporate the operators'/users' lexicon.

Several opeator/user charaderistics which should be eamined bdore designing the
operator/user interface include (Sutcliffe, 1989):

* Frequency of use - How much interadion will the opeator/user have with the
system?

* Level of discretionay usage - Will the user's interadion with the system be
compulsory or optional?

e Computer familiarity - How much knowedge of computer programming and
operation does the operator/user have?

* Mental abilities - Wha is the genea knowledge ad intelligence level of
operators/users?

* Opeator/user phydcd abilities and skills - Wha is the range of physcd
capabilities and limitations in the operator/user community?

Idedly, opeators/users are involved in al phases of the design piocess from
requirements ddfinition to find testing bdore ddivery or publicaion. User
representatives dould ad as resources for the user interface design tean, answering
guestions and providing suggestions as needed.

A method for colleding opeator/user fealbak for ECS, which is beyond the
requirements definition stage, is to involve user representatives in the opeaator/user
interface(Ul) design review process Involving opeator/user representatives during this
processall ows ther expertise to be incorporated in the prototype prior to implementation,
when design changes are eaier to make. Providing a means for the opeator/user to
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comment ondine while usng the system is also a way of obtaining feedbad. Concens
errors, suggestions and comments can be provided while they are fresh in the
opeaators/users minds An immediate respong to these inpuss is also an important part
of this process If the opaatorsusers fed they are notbeing head or taken serioudy, they
will stop providing feedbacknd their subject matter expertise will be lost.

3.4 GUI Builder Templates for Basic ECS Interface Structure

ECS interfacewindowtemplates have bean creded and are avail able in Builder Xcessory
to fadlit ate thedesign ofinterfacescreensusng Builder Xcesory (seeAppendix B). The
basic ECS interfacestructure is developed using a series of windows and butonsrequired
in al ECS interfacescreens. The following subpaagraphsare ahierarchicd description
of the widgets involved in the basic ECS interface.

3.4.1 Primary Window

The primary window is the top level of ead ECS interface screen, and is creded
automaticdly by Builder Xcessory when thefirst main element is sleded and displayed
in building an goplicdion. This primary window, ortopdeve shdl, isthe outermod layer
of the gplicaion, as indicated in Figure 3.4.14. Its main fundionisto provide ashdl
on which to creae the other widgds. It is aso thewidged onwhich the develope locaes
the title and the x and y coordinates of the window.

3.4.2 Main Window

The main window (seeFigure 3.4.14) is thefirst main element displayed in building an
applicaion, and srves as ahousng for themenu barand form (seeSedion 3.4.5) It can
be sized as desired, and upon exit from it, the application closes.

3.4.3 Menu Bar

The menu ba (seeFigure 3.4.11) is a widgd tha stretches aadossthe top of the main
window. It houses pull-down menus, which create cascade buttons when they are placed.
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Cascade Button (Pull-Down Menu)

Menu Bar
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and Button
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Button Box

(provides labels
< and pixmaps
for processes)

Top-Level

/ Shell
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N

“

"~

P

Main WindOV\/

Figure 3.4.1-1. ECS Interface Basic Window Structure

3.4.4 Common Menu Structure for ECS

Figure 3.4.41 presents a standad menu system for all ECS cusom applicaions
Modifications (e.g., adding nev menuba items and cascading menu pu$bution items)
are allowed, so long as the common menu structure is used.

Additional clarifications to the common menu structure:

1) This figure shows three pulldown menus which are open simultaneoudy for the
purpose of displaying the menu choices only. ECS screens of course, should not be
developed with the capability of opening multiple pulldown menus simultaneously.
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- opLevelshel
File | Selected View [Edit |Process Options |ﬂelp
New Ctrl+N Undo Ctrl+z On Context
Open Ctrl+O || cut Ctrl+X On Help
Save Ctrl+S Copy Ctrl+C On Window
Save As Citrl+A Paste Ctrl+V On Keys
Print Ctrl+P Clear xxxx Index

Close File Ctrl+W Delete Del Tutorial

Exit Alt+F4 On Version

Figure 3.4.4-1. Common menu structure for ECS custom applications.

2) The doicesdisplayed hee serve @& ageneric modd. If apaticular applicaion hes no
neel for some of thefundions $iown ordescribed on abasic Motif-compliant menu, then
the unnecssary widgds sould beremoved. The doices can and should betail ored to
the requirements of the spedfic gplicaion (e.g., on he Edit menu, if the Clear xxxx
choice is used it should beto clea something meaningful to the user, such as Clear
Form). However, if any or al of these fundions are nealed than this is the order in
which they are to be listed.

3) Seepages 9-58 and 959 d OSHMotif 1.2 Syle Guidefor definitionsand descriptions
of SelectedView, andOptions.

4) Clear andDelete (found undekdit on the menubar) have two separate and distinct
functions. The definitions for Clear and Delete as found in the MoffStyle Guide are
as follows:

"Clear' -- must remove a selected portion of data from the client area without
copying it to the clipboardThe remaining data is not compressed to fill the space
that was occupied by the cleared data.”

"Delete' -- must remove a selected portion of data from the client area without
copying it to the clipboardThe remaining data fills the space that was occupied
by the deleted data.”

5) Processis usd to adivate a procesdfundion tha is pat of the spedfied ECS
subgystem. Thee ae & many cascadeButtondmenu items as there ae subs/stem
proceses/fundions For ead "Process’ with an icon on he stadk of tabbed forms, there
should also be an item onthe"Process' menuto provide an aternate means of navigation.
The labelfor the process item should denote the process/function that it activates.

The use of the term "process' replaces wha had bee formerly cdled "mode"” This
changeis madeto increase darity asto theintended use of this sledion and to prevent the
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purpose of this menu seledion from beng confused with "mode management” fundions
and operations.

6) Close File (located under the pulldown mdtile) is used for applications with
multiple, independent primary window%Close File" should delete the window which
contains the choice, but should not terminate the application.

7) Software developeas ould attempt to make any user adion immediately reversible.
Both the Motif 1.2 Syle Guide and the NASA HMI Guiddines recmmend tha an
"Undo" button ke provided for this pumpose. "Undo" should be placal immediately under
the"Edit" seledion onthemenu bar. "Undo" should have the caability of reversing any
fundion found unde the "Edit" menu. "Undo" should, to the etent tha it is possble,
reverse the last adion peformed by the user. As avisud cue the title of the "Undo"
button should be dynamicdly modified to nane the ation tha is beng undone For
example, if the user's last adion is "Deete,” than the "Undo" button should be
dynamically updated to read "Undo Delete."

"Undo" should beitself reversible. In othe words by sleding "Undo" immediately
following an "Undo" adion, this dould reindate the ation tha had beea initialy
undone In the event tha an "Undo" adion is exeauted, the "Undo" button should be
dynamically updated to read "Undo Undo."

3.4.5 Form, Toolbar , TabStack , and Button Bar

A Form widgd is used bdow the menu ba to anchor other elements of the gplication
screen. Othea elements, used as nealed and appropriate, are in the Form. A Toolbar,
which may be placal at the top of the Form window, hougs Icon Buttonsto provide
single-pressmouse accssto frequently used and/or significant opeations An important
propaty of the Toolbar is to enable use of pop-up labds for the Icon Buttons so tha
screen clutter with labds can beminimized. A TabSack placed on the Form Window
provides a simple axd rapid means of switching bdéween screen contexts, enabling
efficiency in eff edive management of screen red estate and fadlit ating operator focuson
the task to bepeformed. It houses tabbel forms, with pixmaps and labds on the tabs
allowing ECS developes to provide labded icons for opaator/user seledions ECS
applicaions #$ould use labded icons on the tabs to represent different applicaion
processes.

A Button Box is anchored at the bottom of the Form window, as illudrated in
Figure 3.4.11. The Button Box contains PushButtons to provide single-press mouse
access to significant but less frequently used opeations generic to several applicdion
processs; buttons unique to a process $ould be placal on he tabbed form for that
process.

3.5 On-Line Help

On-line Help provides answers to opeator/user questions about valid input codes,
avail able options or methodsfor acomplishing work. To be défedive, hdp mug be eay
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to undestand (well organized, straightforward text) and unobtusve. In gened,
technical writers are best suited to prepare the text which is ustsdan

3.5.1 OSF/Motif Guidelines for Types of Help

OSHMotif is endorsed as the primary HMI standad for ECS. Accoordingly, online hdp
should be ongstent with Motif (refer to Chapter 6 of the OSHMotif 1.2 Syle Guide for
the guiddines on Help). Motif identifies ®veral forms of Help (ead accessble through
the Help Menu locaed on he etreme righthand side of the main pull-down menu ba
(see Sectiol.4.4.4). These include:

- Help onContext -- adso identified as context-senstive Help, describes the naure
of a specific controAnd how to use that control

- Help onHelp -- provides information on how to use Help, and

- Help onWindow -- gives information on the current window

- Help onKeys -- shows special uses of keys, especially function keys

- HelpIndex -- lists alphabetically a series of topics on which Help is available

« Help Tutoria -- notaform of Help, bu provides users accessto a menu listing o
all on-line Computer-Based Training (CBT) available (see CBT discussion below)

-« Help on Version -- provides information about the spedfic version of the
application (e.g., version number, date).

The subparagraphs that follow describe each of these types of Help.
3.5.1.1 Description of context sensitive Held€lp onContext)

The mog important type of Help is context senstive Help becase it requires the
programmer to anticipae opeaator/user problems in undestanding the system's
fundiondity and software opeations and not b require users to frame a spedfic
qguestion. It bypasses indexes or li sts of topics, and presents the user with theinformation
most likely to solve an immediate and narrowly defined problem.

The speafic layout of context-sendtive Help has yet to be determined, however, it is
expected to have the following characteristics:

- Help wubjed determinaion will beby software identification ofthe at¢ive window
and theactive data entryfield in which the cursois located.

- a separate Help windowill be activated which displays the Help text/message.
- the Help window will contain the following butbns avalable to usrs to
manipulate the Help windows:
- cancel
search
history
- back
browse (forward and back).
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- theHelp windowwill sizein acordancewith the anount of text to bepresented,
this meanstha the Help topic should be narow enoughand the Help text condse
enoughso that it can be displayed on a single window page which requires no, a
only few, scrolling or page-turning operations.

- extende topics dhould referencethe user to more detailed material contained in
either:

- technical, operator, and/or user manuals
- on-line CBT
- other job aids.

If hypetext media is employed some amount of reseach and development will be
required to implement context-sendgtive Help. Thelevel of effort required to develop the
hyperlinks is greater, however, the potential rewards for success are also greater.

An example of a @ntext-sengtive Help box from a sample window titled "Printer
Options" is shown in Figure 3.5.1.1-1.

A% Context-Sensitive Help

Eile  Edit Bookmark Help

||Contents|||Search I"History Back || I" I
Baud Rate

Baud rate is the speed at which your printer can
accept data. Acceptable speeds are 2400, 9600,
14400, and 28800. Enter the speed in bits per second.

S

Figure 3.5.1.1-1. Example of Help on Context.
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3.5.1.2 Description ofHelp OnWindow

The pumpos of the Help onWindow fundionisto: (a) provide descriptive information
on theuse of the arrently adive windowand (b) to explain thefundionscontained in the
window menu butbn locaed in the uppe left-hand corer of the ative window. These
functions typically include:

Restore

Move

Size

Minimize

Maximize

Lower

Close

See Figure 3.5.1.2-1 for an examplddelp OnWindow box.

v

Help on Window Functions

Eile

Edit

Help

Printer Options

The following functions may be performed on the
Printer Options window via the menu window button

located . ..
Restore

Move

XXXX

XXXX

(description of function)

(description of function)

Search I

S

Cancel

Figure 3.5.1.2-1. Example of Help on Window .
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3.5.1.3 Description oHelp OnKeys

The pumos of this Help fundion is to identify the use and opeationd effeds or
outcomes of spedfic fundion (and/or 'hot) key opeationson the fundiondity contained
in the ative window (if it varies from the standard or default windowfundiondity. (The
doaumentation of these variations may bemme paticularly important in the ingance
whee COTS/OTS produd fundion keys opeate differently than those programmed for
other ECS workbench fundions) As ®e in Figure 3.5.1.341, the xpeded layout of this
Helpisalist (scrollable if necessary) of fundion keys, ther definitions consequences of
their use, and references to more detailed discussion (if required).

A\ Help on Function Keys

File  Edit Help

Function Keys

The following specific function key operations are
available with the Printer Options window.

[list standard keys or "hot" keys in a list format]

XXXXX (description of meaning)

XXX (description of meaning)

XX XXX XXX

S

Search I Cancel

Figure 3.5.1.3-1. Example of Help on Keys.

3.5.1.4 Description ofHelp Index

The layout of Help Index should congst of two side-by-side scrolling boxe, induding
onebox (ontheleft) which containsthelist of index terms agang which users condud a
seach of topicsg/terms and another box (on the right) which contains the spedfics hdp
text/message for ead seleded topics (see Figure 3.5.1.41). Help contained in these
indices sould be short, clea, and conase. Externd reference to more detailed
information/discussion may be provided.
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\ % Help Index

File  Edit Help
Selected

Topic \ﬂ o
XXX I

XXX XXX XXX XXXX
XXX

Scrolled YHXX XX XXXXXX XXX

H XXXX XXXXXX XXXXX
- Al

OK I Apply I Cancel I

V4

N Scrolled
Text

Figure 3.5.1.4-1. Layout of Help Index Option Box.

3.5.1.5 Description oHelp OnHelp

This Help fundion piovides a more dealed description on howto use eab Help
fundion. Eadh of the Help fundion optonsis described in a separate Help entry (see
Figure 3.5.1.5.1).
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A\ Help on Help

File  Edit Help

How to Use Help

There are seven types of Help available from the
Printer Options window:

Help on Context (description of option, how to use, etc.)
Help on Window
Help on Keys

S

Search I Cancel

Figure 3.5.1.5-1. Example of Help on Help.

3.5.1.6 Departure from MotilGuidelines for Computer-Based Trainide(p Tutorial)

For the pumpo< of this projed, Help Tutorial, described on pae 8-3 of the OSHMotif
Style Guide is not consdered a form of Help. Rather, it is consdered training. The
manne in which computer-based training (CBT) is accessd by u®rs throughthe system
will be @ngstent with the Motif guiddines on Help and the Help Tutorial. CBT will be
accessd throughthe Tutorial command locaed on he Help menu. Once seleded, the
opeaator/user will obsrve aCBT menu on he CRT tha will replace d othe menus
(CBT will cause dl other ongong applicaions except for the root desktop, to be stored).
At this point, the opeaator/user will be presented with a CBT menu which direds them to
seled the CBT they wish to initiate. Upon terminaion of the CBT, the system will

provide aprompt (preferably a message box) which requires ®ledion of one of the
following optons (a) return to prior applicaion/objed bang processed and locdion in
tha applicaion/objed, (b) seled thebasic desktop, a (c) cancd the opeaation and return
to the CBT selection menu

3.5.1.7 Description ofHelp OnVersion

This Help fundion identifies the version, any serial nunmbers, corporate and copyright
ownership, and date of version regarding the application in use (see Figure 3.5.1.7-1).
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v

Help on Version

Eile

Edit

Help

Version

Information about the specific version is given here
(e.g., name, version, date, contract number)

S

ox |

Figure 3.5.1.7-1. Example of Help on Version.

3.5.2 Characteristics of and Guidelines for On-line Help

Dedding wha to indudein the Help system is one of the mog difficult opeator/user
interfacededsionsyou make. It should be undestoodtha ondineHelp is oneof a dass
of tedniques colledively known as Db Aids (which provide information to
operators/users in support of their work activities) including:

- computer-based training (including on-line tutorials)

- traditional paper-based training (e.g., workbooks)

- technical documentation (e.g., technical manuals, proceduralized job aids).

On-ine Help has the following charaderistics which distinguish it from other aiding

techniques:

- contains $or, clea, and condse descriptions of (a) codes, (b) methods of
opaations (c) darificaions for lod opeatorsusers on corred methods of
opeaation, and (d) provide reference to ondine tutorials andfor technicd
documentation which provide more detailed descriptions of operations.

- does not remove the user from the application they are currently using, and

- does not permanently destroy any windowviews shown onthe screen prior to the

selection of Help.
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The dfedive design and u® of ondine Help is important becaise it can reducethe neeal
for off-line training and increase opeaator/user proficiency. Therefore, the following
guidelines are presented for the design of on-line Help facilities.

3.5.2.1 Consistency

The key element in designing Help is to be ongstent, such as usng the same terms to
represent adions(e.g., always use ddete to delete, dont refer to the ation as erase). The
same menu choice should beused to represent Help, and should always be placeal in the
same postion. The same fundion key should also beused condstently to indicate Help
(e.g., F1).

3.5.2.2 Integration with Written Documentation

Where ondine Help is supplemented by sippoting material in written manuds, the on-
line Help should refer the operator/user to the written documentation.

3.5.2.3 Flexibility

Help should be flexible such as acceting synonyns for standad system terminology
("clear" for delete).

3.5.2.4 Provision of Needed Support

Help effort should befocused in areas where it is predicted tha users will neal it the
mog. Help should also be provided when the program works diff erently from what users
are accustomed to and when functions look alike but function differently.

3.5.2.5 Matching Operator/User Expertise
Help should be written to the level of expertise of most operators/users.
3.5.2.6 Navigation

Users dhould be dowed to browse through Help screens (i.e., navigae forwards and
backwards) and easily exit Help.

3.5.2.8 Readability of On-Line Help

Specific recommendations for writing Help text include:

- Avoid excessve use of jargon. Terminology should refled the fundiond
operator/user, not the designer.

- Use affirmative statements with a positive tone.
- Write directly to the operator/user (e.g., "PrEsser to continue.").

- Use adive rathe than passve voice (e.g.," Enter 01 for indusve' not "Induson
is indicated by enteringl").

« Use familiar combinations of words and commonly-used words.
- Be concise.

- Describe sequences of steps in the same order as they occur.
- Give Help instructions in a logical order.

- Use plenty of white space.
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4. HTML-Based Applications

This sdion provides human fadors guiddines for the preparation o HypeText Markup
Language (HTML)-based applicaions This dion doe not addressHTML isaues that
are not diredly related to humen fadors. For example, the topic of compliance with
existing and evolving HTML standads (i.e, HTML 2.0, HTML 3.0, and HTML with
Netscagpe extensong is not addressed in this ssdion. However, there ae spedfic human
fadors concens asdated with the implementation of speafic HTML commands or
procedures (e.g., Netscgpe Tables fundiong should they be used in ECS. Many of the
prescriptions and recommendaions in the precaling sedions of this Style Guide ca
provide useful guidance in development of HTML applicaions For example,
Sedion 3.3.5 on [Bta Entry/Editing and Form Filli ng identifies many prindples tha are
applicable to HTML as well as Moté#pplications.

4.1 Endorsement of the Yale C/AIM WWW Style Manual

In genead, the style of HTML doauments should conform to the stylistic guiddines
contained in the Yae C/AIM WWW Style Manud (heredter, the Yae Style Manud).
Seethefollowing subpaagraph for the tailoring of the manud for its applicable mntent.
The Yae Style Manud can be locaed at the following World Wide Wé (WWW)
address:

http://info.med.yaleedu/caim/StyleManual_Top.HTML

4.1.1 Tailoring Guide to the Yale Style Manual

The Yae Style Manud has been tail ored to identify those important sedionswhich are
recoommendeal for strict adheence in the development of HTML doaments. This
talloring o theYae Style Manud is shown in Table 4.1.141. It isrecommended tha the
sections flagged in the table be adhered to in preparing such documents.

4.2 Detailed Human Factors Guidelines for HTML Documents

Compliancewith theYae Style Manud, as tail ored in sedion 4.1.1above by itself, does
not automaticdly guaantee @mpliancewith all human fadors consderationsthat affed
good daign and layout of HTML doauments. The following ddailed hurman fadors
guidelines supplement the stylistic guidelines contained in theStgle Manual.

4.2.1 HTML document title lengths

Titles for HTML doauments should be no more than sixty (60) chaaders, induding
spaces. Thiswill ensure eae of display and readability on a variety of browsers becaise
of the large fonsize used.
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Table 4.1.1-1. Tailoring Guidance for the Use of Stylistic Guidelines
Contained in the Yale Style Manual

YALE STYLE GUIDE PAGE TITLE

HFE RECOMMENDATION

INTRODUCTION

Information only

I. INTERFACE DESIGN IN WWW SYSTEMS

Information only

Hypermedia and Conventional Document Design

Information only

Navigation in Hyperspace

Recommended

WWW Site Structure

Recommended

WWW Page Design

Information only

Efficient Use of the World Wide Web

Information only

System Responsiveness Recommended
Well-balanced Page and Menu Designs Recommended
Il. WWW PAGE DESIGN

Design Integrity in WWW Systems Recommended
Essential Elements of WWW Pages Recommended
Page Length Recommended

Design Grids for HTML

Information only

Sample Templates for a WWW Pages

Information only

Local Links and Navigation Aids Recommended
Page Headers Recommended
Typography Recommended
Page Footers: Verifying Origin and Authorship Recommended
Official Seals or Marks of the Institution Recommended
Contact Information Recommended
Copyright Information only
Page Date Recommended
Page URL Recommended

lll. OPTIMIZING PERFORMANCE IN WWW PAGES

Information only

Sizing Inlined Graphics

Information only

Interlacing GIF Graphics

Information only

Using Width and Height in Graphic Anchors

Information only

Loading Low Rez/High Rez Graphics

Information only

Trimming graphics by Limiting Bit Depth

Information only

JPEG Graphics

Information only

4.2.2 Hypertext/hypermedia links
4.2.2.1 Lost in hyperspace

To avoid user disorientation, hypetext/hypamedia doauments hould employ (1) maps
or browsers tha indicae postion in thengwork or (2) tags markers, or milestones which
represent locations.
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4.2.2.2 Availability of links
Hypertext/hypermedia links should be clearly indicated and continually available.
4.2.2.3 Multiple methods for accessing information

Information should be accedble in a hypetext/hypemedia doaument in numerousways,
for example by: (1) following links, (2) searching, and (3) using contextual cues.

4.2.2.4 Acceptable methods for identifying hypertext/hypermedia links

Hypertext/hypamedia doauments should clealy indicae the presenceof links by u® of
alink marker (such as an icon) or by use of highlighting (preferably underlining and color
codingtogether).

4.2.2.5 Links with objectsbesides text

To the etent possble, links $iould exist aacossmedia, and should notbe limited to text
linking only.

4.2.2.6 Links based on user’s information requirements

Links between related information should bebased on he user’s neal for informationin
some paticular context. Large numbers of such links $ould be generated by means of a
formal asdative modd that relates information elements to ore another on a systematic
basis. Context-sensitive helig one situation that merits such an effort.

4.2.3 Lists

4.2.3.1 When to use bulletized lists

If the writing indudes more than two or three items, or a sentence or paagraph ha
bemme long and unweldy becaise it contains a numbe of items, bre&k it into a
bulletized list.

4.2.3.2 \When to use numbered lists

In a procedure with more than onestep, ue numbers to reard the steps. Whenever a
spedfied nunbe of items are referencad by the prior text, present the items in a
numbered list.

4.2.3.3 Ordering items in bulletized lists

Use dphabeticd organization if a user is going to use the list to look up aword or
abbreviation. Use numericd orde if the user is going to look up anunmber in the list.
Use an appropriate logicd ordeing d itemsin alist when thelist congsts of a wlledion
of thoughts.

4.2.3.4 Continuous numbering in multipage lists

Numbe theitemsin alist continuousy in relation to thefirst item on thefirst page when
the list exceeds one display page.
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4.2.4 Text Highlighting
4.2.4.1 Emphasizing Text

When a aiticd passage merits emphasis to set it apat from other text, highlight tha
passage by boMding/italicizing, bightening, or color coding or by some auxiliary
annoftion, rather than by capitalization. Do notoveruse these highlighting conventions
as they lose their ability to attract the reader's eye when they are used to excess.

4.2.4.2 Text with graphics

Linked graphic materials should appea with appended text defining the graphic material
and its text links.
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5. COTS Integration

The use of Commercia Off-the-Shdf (COTS(COTS/OTYS)) software gplicaions to
provide ECS fundiondity is a major program and cos-saving goa of this projed. The
nature of COTS produd developments is such tha thee ae large differences in the
implementation of the GUI aaoss COTS produds, even for Motif-compliant produds.
These differences in the design and layout of COTS GUIs crede concen tha opeator
peformance erors may ocaur as a dired conequence of the GUI differences aaoss
applicaions Spedficdly, negative trander can ocarr when the opegator/user who ha
been working with one COTS produd shifts to anothe if the metaphor changes,
espeaaly if it changes in subtle ways. One method of offsetting these differences is the
‘wrapping' of COTS produds indde a agom-coded GUI. The labor required to wrap
COTS with a augom GUI can nggde the @ savingsof usng COTS applicaionsover
developmental software gplicaions Additiondly, the maintenance ad suppot effort
and cogs asodated with wrapped COTS are significant. Consequently, wrapping is not
feasible for all or many COTS applicaions However, when the wrapping of COTS
applicaionsis required, the resulting cugsom-coded GUI shdl comply with the human
factors requirements contained in this Style Guide.

Othe than wrapping eadh COTS(COTS/OTS) produd within a ausom-coded GUI tha is
compliant with the ECS User Interface Style Guide the use of coding conventions tha
differentiate one COTS produd from other COTS produds is the only aterndive
available. Possibly relevant coding conventions include:

« Window bordercolor coding

- Window bordetthickness coding

- Workbench application area color coding
- Workbench widget shape coding

- Workbench widget blink coding

Only the first three @ding tedhniques appea to be useful as COTS(COTS/OTS) cuing
conventions Theothes have likely negaive impad onthe opaator/user ease of leaning
and/or acceptance of the products.

Practical Limitations. An andysis of the feasibility of implementing these ding
tediniques in ECS has deermined tha highly sdlient distindions beween the
COTS(COTS/OTS) environments are prevented by the limitations imposd by the
window manager, which controls the frames and ohe display elements tha might
otherwise be used to emphasize metaphor boundaies. The limitations indude the
following:

- Color of the desktop workspacebadkground and window borders is unde the
control of the Motif Window Manager (MWM). Motif does not suppot the
cgpability to choos individud window border colors becaise: (1) the MWM
highlights the ative window and fades the inadive windows on the desktop (this
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convention aways informs the use & to which window is currently adive) and
(2) MWM provides opeaatorsusers the aility to seled color preferences (without
preempting the differences between active and inactive windows).

« The MWM controls window border thickness Currently, there gopeas to beno
way to modify that screen element.

-« Mog COTS(COTS/OTS) applicationsprovide opaators/users with the caability
to seled color preferences ingde the workbench application area So far as is
known, the source @defor eadi COTS(COTS/OTS) produd would be required to
modify this stup. Setting color preferences would have to be preampted in order
to enforce color codingn the workbench application area.

Severity of the Problem. Noneof thethreepotential coding techniques appeas feasible.
It isimpossble to quantify therisk of performance erors dueto COTS(COTS/OTS) GUI
differences. However, initia examinaion of mgjor COTS(COTS/OTS) tools for ECS
indicated that the potential negdive trander is unlikely to be citicd. No evidence of
'misgon criticd' tasks has been identified that would make such errorsintolerable. Errors
resulting from such negative trander are likely to be limited to reduced produdivity
and/or opeator/user frugration with the system. Furthermore, the COTS(COTS/OTYS)
produds tha were examined appea to betail orable, usng ther capabiliti es and feaures
for setting user preferences, to many of the human fadors requirements contained in this
ECS User Interface Style Guid&his can help ameliorate the problem.

Reommmendations. The development teams should tailor the COTS(COTSOTS)
produds to the requirements of the Style Guideto the etent feasible. Theuse of COTS
applicaions does not obviate the neal to comply with the agpliceble human fadors
requirements contained in the Style Guide but redisticdly, it does complicae the
process and placeboundaies uponthe redistic adievement of compliance with these
human fadors requirements. A numbe of the COTS(COTS/OTS) produds (e.g., HP
OpenView, Trouble Ticket) as complete Motif implementations pos®ss the caability,
through stting ofuser preferences, to modify many (butnotall) of the GUI attributes tha
affed the"look and fed" of the COTS GUI. In these caes, it is reommenda tha the
ECS subsystem development tean conault with the ECS human fadors tean to determine
which hunman fadors requirements apply to eath COTS produd tha posgses a
modifiable GUI. Default GUI configurations can then be developed for ead
COTS(COTS/OTYS) applicaion and suggestionsfor procedures and pdicies guiding ther
modificaion by opeators can be prepared for the Government. Each COTS GUI should
bereviewed by the ECS human fadors tean prior to its full implementation to asaure the
adheence to a single "look and fed" and seamless integration of COTS(COTS/OTYS)
applications to the extent feasible.
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Appendix A:  Glossary

Accderator - A key or key combinaion tha invokes an adion regardless of where the
cursor is currently locaed. Accderators are mos comnonly used to acces frequently
used menu items.

Arr owButton - An ArrowButtonisaversion d a PushButton with adirediond arrow as
the label The direction of the arrow can be set to up, down, left or right.

Browse sdled - A seledion modd tha alows browsing through single seledion
collections.

Bulletin Board - A container widge tha provides smple geometry management of its
children. It does not force positioning and it can be set to prevent overlapping.

Button - A graphicd component on a window frame or in a DialogBox tha works by
pressing it.

Cancd - A cegability tha regenerates or re-initializes the arrent display without
processing or retaining any changes made by the user.

Canvas -A graphical component used for displaying, entering, and modifying graphics.

Cascading Menu - A submenu that provides sledionstha amplify the parent seledion
on a PullDown or Popup Menu.

Character based User Interface (ChUI) - An interfacetha congsts lely of text. All
options menu items, commands etc. are displayed and bodered with text charaders.
There are generally no graphics included in a ChUIL.

ChedButton - A component used to seled settingstha are not mutudly exclusve. The
visual cue to the selection is frequently that the button is filled in or checked.

Click - An input device button-down event, distinct from cursor postioning, for the
actual entry of a designated position.

Compostion - A typeof Layout Group which organizes a olledion o componentsin an
arbitrary layout.

Consistency - Similarity of paternswhich may be percaved in tasks, in presentation of
information and other facets of an interface design.

Control sequences - Keyboad key sequences used to adivate system fundions Control
sequences are generally considered expert shortcuts.

Cursor - A display structure tha is used to indicae the postion d theuser's opaation on
the display. Cursors serve two different functions: place holding and pointing.

DAAC - Acronym for Distributed Active Archive Center.
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Default - A predeermined, frequently used vdue for a data or control entry, intended to
reduce required user entry actions.

Default PushButton - A default adion of a mwmponent group which is distinguished
from the other selections by an extra border

Desktop - The system tha provides user accessto the services of the mmputer opeating
system (induding exeaution of workbench applicaiong and processes uch as cdenda,
clock, and mallboxes. The window manager/navigaor fundiondity is pat of the
desktop

Diacritic - A mark, panter, or symbol added to a letter or charader to distinguish it from
another of similar form to give it a particular phonetic value, indicate stress, etc.

Dialog box - A box used to initiate astructured series of interchanges between a user and
the system.

Discrete -Consisting of distinct or unconnected elements.

DrawnButton - A graphics area that can be assigned PushButton behaviors.
ECS - Acronym for EOSDIS Core System.

EOSDIS - Acronym for Earth Observing System Data and Information System.

Expert Shortcuts - Command sequences designal into the system to alow "quick”
accessto adionsand fundionsin the system. These adionsand fundions mug aso be
available elsewhere in the system to support novice users.

Extended seled - A list seledion policy which alows the user to seled any nunber of
items, even multiple discontiguous ranges of elements.

Fealback - A cueto the user indicaing system processng, a system state, or a system
response.

FileSeledion Dialog - A type of dialog boxtha lets the user seach through dredories
and select a file.

Form - 1. A widgd used to anchor other elements of ascreen. 2. A formatted ouput o
the user with blank spaces for insertion of required or requested information.

Frame - A type of framing group which draws framing decorations around a component.
Framing Groups - Used to frame groups of components.

Graphical User Interface (GUI) - A form of communicaion beéween the user and the
computer tha indudes graphics such a buttons windows, and icons to simplify the
interaction
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Highlighting - A meansof providing avisud cueto the arrent seledion a to the arrent
locaion of the input focus. Highlighting is frequently acomplished by reversing the
video of the selection.

Icon - Pictorial, pictographic, or other nonverbal representation of objects or actions.

IconButton - An obed with the daaderistics of a PushButton and the cgability to
display both simple text and a pixel mgyaphic.

Label - Descriptor tha is distinguishable from and héps to identify displayed screen
structures. A title or descriptor that helps a user identify displayed data.

Layout Groups - Used for organizing components into groups.

Legibility - The daaderistics of text which alow groups of charaders to be ealy
discriminated, recognized, and interpreted.

List - An ordered set of items.

List sizepolicy - Determines whether or not thelist will grow if theitems within thelist
increase in size.

Main Window -A type of Framing Group which organizes the @ntents of a primary
window. A MainWindowframes the dient area ad can optiondly indude ScrollBars, a
MenuBar a command area, and a message area.

Menus - A type of dialog in which a user seleds one item out of a list of displayed
aterndives. Seledion may be made by panting and clicking, asodated option code or
by an adjacent function key.

Message Dialog A type of dialog box that is used to give information.

Mnemonic - A single dharader (usudly the first charader) of a Menu seledion, tha
when the Menu is displayed and the darader is pressed on he keyboad, initiates the
selection.

Multiple select - A selection model that allows multiple single selections.

OptionButton - A button usd to display an Option Menu. An OptionButton contains a
labd that indicates the arrent state of the Option Menu, and a ba graphic to distinguish
it from a PushButton.

Option Menus - An Option Menu allows for a one of many selection.

Overlapping Windows - A means of manipulating multiple windows which all ows
windows to overlap and obscure the contents of the covered windows.

Pan - A style of daa or image manipulation that al ows you to changeyour viewpoint in
a horizontal, verticd, or diagond fashion, by dicking and hobing the mouse button
down as you to move the cursorthe desired direction.
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PanedWindow - A linea grouping of components, Separators, and Sashes. Sashes are
used to set the bounday beween two components. The separated components are cdl ed
Panes and can contain any components.

Pixd -Thesmall est addressable dement of a display. In amulticolor display, the small est
addressable element capable of producing the full color range.

Popup Menu - A Menu tha provides no visud cueto its presence butsimply popsup
when ugrs peform a paticular adion. Pop-up menusremain visible until another user
action takes place to hide the menu or make a selection.

Posted Menu- A menu which remains visible until explicitly unposted.

Progress Indicator - A user prompt that indicaes the status of a system adion or
process Progressindicaors sould be used for events tha require longe than 10secmnds
to complete.

Progressve Disclosure - Presentation d the mos commonly used choices while initially
hiding more complex choices or supplementary information.

Prompt Dialog - A type of dialog box that is used to ask &orinput from the user.

PullDown Menu - A menu whose items are nomally hidden from the user's view until
the user holds the selection button down over the desired menu bar label

PushButton - A graphic component tha simulates a red-life PushButton. Use the arsor
and mouse to select the button and initiate the function.

RadioButton - A graphic component tha simulates the buttonson a red-life ca radio.
Eadh butbn represents a mutudly exclusve seledion. RadioButtons are typicdly used
for setting states or modes.

Resource Files - A file used to ddine default appeaances and bdnaviors of the
components in the system. This file is read as the program starts up.

Row columns - A widgd manager tha controls thelayout of thewidgés in either a Row
or a Column arrangement.

Sash- Sashes are used to set the boundary between two components in a PanedWindow

Scale - A widgd that containsa dider tha is moved within arangeof values and alabd
tha indicaes the arrent value of the scde. Arrow graphics can also be used to
manipulate the current scale value.

Scale bars A graphical component used to set or display a value in a range of values.

ScrollBar - A graphicd deviceused to change auser's viewpoint of alist or daafile. The
user causes the view to scroll up or down in the window adjacent to the scroll bar by
sliding a slider in the scroll area or by pressing one of the scroll arrows.
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Scroll bar display policy - A policy within Motif tha controls the aitomatic placenent
of the Scroll bars. If the policy is st to "as_neealed," the scrollbars are displayed when
the items within the workspace &ceal its bounds If the policy is defined as datic, the
scrollbars are displayed immediately regardless of the number of items contained in the
workspace.

ScrolledWindow - A type of windowin which data can bemoved for viewingin aline
by-line manne by rolling upvard or downward. A scrolled window frames a @wmponent
and adds ScrollBars for scrolling the visible area of the component.

Selection Dialog- A type of dialog box that lets the user select from a list of choices.

Separator - Provides avisud sepaation between groupsof fundionswithin windows or
between menu items.

Single Select A selection model that allows selection of a single element.

Spring Loaded Menu - A menuwhich isremoved when abuttonis released, except ona
CascadeButton. If the release is on a CascadeButton, the adated Cascade Menu must
be posted.

Stroke Width - The width of a line comprising a character

System Response Time - The @apsed time between theinitiation of a @mmand and the
notification to the user that the command has been completed.

TabSack - A containe window tha represents a paradigm of usng tabbed folders for
context switching. It provides this paradigm by managing a group of rms to pemit
mouse-seledion of labds and/or pixmap images on the "tabs' for rapid switching
between the contexts generated by the child widgets on the forms.

Text field - A specified area for the initial entry and subsequent editing of textual data.

Tiled windows - A means of manipulating windows by which multiple windows on the
same display abut, butdo notoverlap. As the number of windows increases in the tiled
window environment, the size of each window decreases.

TogglkeButton - A button with two states: on and off. A ToggleButton contains a labd
that indicates the active state.

Toolbar - A container windowto manage agroup d controls (typicdly IconButtong in a
single row or column.

Traversal highlighting - A Motif style of highlighting componets in the interface A
border is drawn aroundthe arrently highlighted ojed. Thelocdion d theborder can be
modified by using the arow keys, tab key, or the spacebar. Seleding the Return key will
activate the currently highlighted object.

Undo - A capability that reverses the effect of the previous operation.
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User - Any peason who interads with the system in an oniine fashion. Anyonewho
requires the services of the system.

User Interface - All aspeds of information system design tha affed a user's
participation in information handling transactions.

User preference settings - Settings tha affed the behavior or attributes within an
application which are stored and remembered from session to session.

Visible item count - An OSHMotif setting, deermines the haght of alist by fixing the
number of visible items.

Watch Pointer - A cursor style used to indicae tha an adion is in progress While the
watch ponter is displayed, all mous button and ke/boad events are ignored on he
display.

Widge - A graphicd objed cgpable of receving inputfrom the mous or the keyboad
and then communicating with the application.

Window - A redangular, visudly distinguished pottion of a display screen showing a
particular type of information or function.

Window Manager - A program tha controls the size placement, and opeation of
windows ontheworkspace Thewindowmanager indudes thefundiond windowframes
that surround each window object.

Workbench - The olledion o software gplicaions(both commercia off-the-shdf and
ECS developmental) that provides the functionality of the system.
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Appendix B: ECS GUI Screen Templates

Screen templates were aeded usng Builder Xcesory and are available for use by ECS
GUI developas/programmers in creaing ECS GUI screens. The templates make it easy
to apply the prescriptions of this Style Guide to achieve a @omnon "look and fed" in
ECS opeator/user interfaces. The templates are in two categolies. (1) colledions or
widgés tha may be extensvely edited by the develope/programmer for broad flexibility
in creding GUI screens and (2) clases, or widgds tha provide the
developa/programmer standad dialog box &dls with fields tha may be dalited (e.g., a
standad ECS message dialog box n which the message may be spedfied by the
developa/programmer). Table B-1 identifies the templates tha are avalable ad
indicates a Figure and its page numbe in the Style Guide ill udrating the interface
componet(s) provided by eab template. Print-outs of screens usng the templates with
applicaion ddaults for ECS are provided unde sepaate ver as pat of this appendix.
Table B-2 identifies colors to be @plied through ug of applicaion ddaults for ECS
custom GUIs.

Table B-1. ECS GUI Screen Templates

Template Figure Number Page
Collections (all elements of instances may be edited)
Screen 1 (Basic Structure Screen) 3.4.11 112
3.5.1.2-1 117
General Help 3.5.1.3-1 118
3.5.1.5-1 120
3.5.1.7-1 121
Context-Sensitive Help 3.5.1.1-1 116
Help Index 3.5.1.4-1 119
Classes (selected elements of instances may be edited)
Error Dialog 3.3.3-2 62
3.3.11.3-4 104
Warning Dialog 3.3.3-6 64
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Table B-2. Color Usage Conventions
GUI Component Screen 1, All Dialogs  (except Help Window Message Dialogs
Message Dialogs)
Main Window Beige Light Gray N/A
Form Beige Light Gray Tan
Windows placed on top | Sea Gray Tan
of form
Menu Bar Sea Sea N/A
Menu Bar Cascade Sea Sea N/A
Buttons
Pull-down menu Papaya Whip Papaya Whip N/A
Pull-down menu push- | Papaya Whip Papaya Whip N/A
buttons
Pull-down menu Papaya Whip Papaya Whip N/A
cascade buttons
Tabbed Widget Beige N/A N/A
(TabStack)
Separator Beige Light Gray Tan
Button Box Beige Light Gray N/A
Push Buttons Sea Sea Sea
Border Color: Error N/A N/A Yellow
Border Color: Warning | N/A N/A Red
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Template B-1. The Basic Screen Structure

The Basic Screen Structure is derived from the placement of a menu bar and its
associated children upon a Main Windav:Form’ is also placed upon the

Main Window. Upon the Form, a Tabbed Widget and a ButtonBox are placed
and attachedFour forms placed on the Tabbed Widget create a TabStack;
forms can be added or deleted as required for a particular applicatms.
(pixmaps) and PushButtons can be placed upon the TabStack and ButtonBox,
respectively, by the screen develop€he screen developer can also add and
attach other widgets to the Formttaching widgets to the Form gives the
developer control of widget location during screen resizing.

The Basic Screen Structure serves a template for all screens except ‘Help’
Screens and Message Dialogs.
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Template B-2. General Help

The General Help screen should be considered the template for most Help
Screens.The screen shown above is constructed using a Main Window that
serves as a container with a Menu Bar attachié@. Menu Bar has three Pull-
down menus on it.A Scrolled Text Window is provided to display relevant
help text. A Button Box is placed on the Main Window below the Scrolled
Text Window. Between the Scrolled Text Window and the Button Box is a

Separator.

The General Help Screen shown here should serve as a template for all help
screens except for Context-Sensitive Help and Help InBgamples of help
screens to which this template is applicable include: Help on Window
Functions, Help on Function Keys, Help on Help, or Help on Version.
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File Edit Bookmark Help

Search History Back <<Browse || Browse>>

Template B-3. Context-Sensitive Help

The Context-Sensitive Help Screen differs from the General Help Screen
(Template B-2).The screen shown above is constructed using a Main Window
that serves as a container with a Menu Bar attachied.Menu Bar has four
Pull-down Menus on itA Button Box is placed on the Main Window
immediately below the Menu BaA Scrolled Text Window is placed below

the Button Box and is used to display relevant help tdwthing appears

below the Scrolled Text Window.

Context-Sensitive Help differs from other help screens in that the user does not
select the topic ared ext is selected by the software based upon the active
window and the active data field in which the cursor is located.
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Template B-4. Help Index

The Help Index Screen differs slightly from the General Help Screen (template
B-2). The screen shown above is constructed using a Main Window that
serves as a container with a Menu Bar attachié@. Menu Bar has three Pull-
down Menus on itA Scrolled List Window and a Scrolled Text Window are
placed below the Menu Bar, adjacent to one another, and are identical in height
and width. A Separator is placed below the Scrolled Windows and a Button

Box is placed below the Separator.

The Scrolled List Window (located to the left of the Scrolled Text Window)
contains a list of index terms against which a user can conduct a s€aech.
Scrolled Text Window displays text related to a user’s list selection.
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Template B-5. Error Dialog

The Error Dialog is constructed upon a Forfine Form is colored Yellow

and has a Tan-colored Bulletin Board uporTihe Bulletin Board is sized

slightly smaller than the Form, then attached to the FQditnms creates a

Yellow border around the Bulletin Board and prevents the Bulletin Board from
moving during resizing operations relative to the Form.

Two Labels are placed upon the Bulletin Boaftie first is a labelPixmap; the
second, a labelStringl'he labelPixmap should be used to create an icon
appropriate to the error messagdée fill color around the icon should be Tan

like the Bulletin Board upon which the icon will be placddhe labelString

should be edited to convey relevant information about the error to the user and
should be placed to the right of the icon.

A PushButton is placed near the bottom of the Bulletin Board and a Separator
is placed between the Labels and the PushBusidButton Box is not
required.

An Error Dialog is used to provide information to the useshould appear in
the middle of the user’s screen when requilésipresence should suspend all
other screen interaction until the user responds to the Dialog.
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Template B-6. Warning Dialog

The Warning Dialog is constructed upon a Foithe Form is colored Red

and has a Tan-colored Bulletin Board uporTite Bulletin Board is sized

slightly smaller than the Form, then attached to the Fdinms creates a Red
border around the Bulletin Board and prevents the Bulletin Board from moving
during resizing operations relative to the Form.

Two Labels are placed upon the Bulletin Boaftie first is a labelPixmap; the
second, a labelStringl'he labelPixmap should be used to create an icon
appropriate to the warning messagée fill color around the icon should be
Tan like the Bulletin Board upon which the icon will be placéthe

labelString should be edited to convey relevant information to the user
regarding the nature of the warning and should be placed to the right of the
icon.

A PushButton is placed near the bottom of the bulletin board and a separator is
placed between the Labels and the PushBut#oButton Box is not required.

A Warning Dialog is used to provide information to the useshould appear
in the middle of the user’s screen when requilétlpresence should suspend
all other screen interaction until the user responds to the Dialog.
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Appendix C: Selection of Graphic Forms

Table C-1 presents a summary of the major graphic forms and many of thar prindpd
variants. Developeas $ould befamiliar with ead of themajor graphic forms and u this
guideto seled amongthe prindpd variants when developing software that is intended to

make use of the graphic forms identified in this appendix.

Table C-1. Major graphic forms and their principal variants.

Graphic Form

Variant

Text location

Bar graph

Simple bar graph
Subdivided-bar graph
Subdivided 100% bar graph
Area-bar chart
Grouped-bar chart
Bilateral-bar graph
Paired-bar graph
Sliding-bar graph
Deviation-bar graph
Range-bar graph
Change-bar graph

p. C-6

p. C-7

pp. C-7to C-8
p. C-8

pp. C-8to C-9
p. C-9

p. C-9

p. C-9

p. C-10

pp. C-10to C-11
p. C-11

Column graph

Simple-column graph

pp. C-13to C-14

Grouped-column graph p. C-14

Subdivided-column graph p. C-14

Deviation-column graph pp. C-14 to C-15

Gross and net deviation column graph p. C-15

Floating-column graph p. C-15

Range-column graph pp. C-15to C-16
Curve and arithmetic line Slope-curve graph p. C-18

graph

Multiple slope-curve graph

pp. C-18 to C-19

Step-curve graph p. C-19
Multiple step-curve graph p. C-19
Cumulative-curve graph p. C-20to C-21
Cumulative-deviation graph p. C-20
Vertical-line graph p. C-20
Surface graph Simple-surface or silhouette graph p. C-26
Simple-step or staircase surface graph p. C-27
Band-surface graph p. C-27

Net-difference surface graph
Subdivided or multiple-strata surface
graph

Subdivided or multiple-step surface
graph

pp.C-27 to C-28
pp. C-28 to C-29

pp. C-29 to C-30
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C.1 Bar and column graphs

The bar graph and the ®lumn graph are the two mos comnon onedimensond graphic
forms. They show a comparative measure for different items, for parts of atotal, or for a
variable sampled at discrete intervals. Bar and column graphs differ primarily in the
orientation o thebas. Thebas are aranged harizontaly in bar graphsand verticdly in
column graphsComparisons are based upon length judgments.

C.1.1 Bargraph

This graph and its variations are gengadly used to show a cmmpaative measure of
different items. Bar graphscan be used to show how several items differ from ead ather
in oneor two charaderistics, or to show how severa items differ from eat other in the
distribution of their components.

Bar graphs differ from column graphsin tha they typicdly have only one scde (an
amountscde) and are not generally used to plot time series daa. However, a bar graph
may be used to pottray temporal daa when its use would be more gpropnate for the
specific situation.

C.l11 Construction

Bar graphstypicdly have onescde, an amountscde tha measures aaossthegraph. The
items measured are listed on he verticd dimenson. A ba graph ha both an amount
scde and atime scdewhen it isused to patray temporal data. All bar graphs except the
range-bar graph, have a zero or other base line.

cl11.1.1 Location of scales

The anount scde should beplacal at the top of the graph dredly bdow thetitle. To
fadlit ate realing, reped the anount scde a the bottom of the graph when the graph is
extremely tall and there are more than 3 or 4 scale divisions.

cC.11.1.2 Scale numerals

Center the numerals above the scde divisions Shorten the nunerals, as necessry, to
prevent them from running together.

c.1.1.1.3 Scale labels

Use ascde labd for al ba graphs(e.g., pecent completed, thousand). Center the labd
abovethescde numerals. Do na provide alabd for ascdethat isrepeded at the bottom
of a graph.

Cl11.4 Spacing and width

Use the number of bars and the size and piopottionsof the graph to deermine the width
of the bars and the spadng béween them. However, the spacebetween adjacent bars
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should be tos eoughso tha a dired visud compaison can be made without eye
movement.The following additional guidelines apply.

a. The bars should be the same width and evenly spaced.

b. Asagenaa rule, the spadng between the bars should be lessthan the bar width,
preferably, one half the width of the bars.

c. Thebars fould bendther dispropottionaely longand rerrow nor short and wide.
Asagenead strategy, the shorter or closer the bas, thethinnea they should be; the
longer or farther apart the bars, the thicker they should be.

C.1.1.15 Ordering of bars

Order the bas © they are gpropriate to the users informationd requirements. For
example, an aphaeticd, geographicd, or another systematic ordering o the bars may be
appropriate for the opaatorsusers neals Thebas are usudly arranged in oder of size
starting with the largest.

Cl11.1.6 Breaking a bar (or column)

A ba may be broken when it represents an extreme data value that far excealstherange
of the anountscde ("frek bar"). Asilludrated in Figure C.1.1.1.61, when the end o a
bar must be broken:

a. break the bar beyond the last grid line
b. use a bold, simple break

c. do not show the square end of the bar
d

. show the value of the bar in small numerals, just above or below the break.
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An unusually long "freak” bar compresses the rest
of the graph.
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The same graph has been redrawn with a break
and added numeral for the long bar.

Figure C.1.1.1.6-1. Breaking a bar graph.

cli11x Labeling a bar

Use montiguouslabdsin preferenceto keys or legendsto labd the bars of a bar graph, as
possble to do ®. Placebasic daa indicaed by nunerals at the left of the zeo line
outsidethegrid of thebar graph. Avoid plaang numerals and aher alphanumericsinsgde
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the bars and at the right end of bars (e.g., nunbe of observations or pesons vdue of
each bar, or value of a "freak bar").

When making judgmnents of compaative lengths the g/e tendsto add numerals placel at
the end o thebasto itslength. When the placanent of numerals at therightend o bas
cannotbe avoided, the numerals hould be relatively small i n size and separated from the
bar.

When nuneras are placal ingde the bars, there is a tendency to compare only the parts
of the bars in which there ae no nunbes. Leave astrip of shading on & sides of the
numerals when the placanent of numerals and ahe alphanumericsinddethebas cannot
be avoided.

C.1.1.1.8 Shading

Use shading orcrosshaching pdternsin ba graphs (or column graphg to differentiate
the various categories of daa plotted. Seled paternstha do notproduce dverse visud
effects.

a. Use mlor to add emphasis or for spedalized pumposs (e.g., to draw the users
attention to a total, a broken bar, or other important data element).

b. Black and white should be used with caution. They are not recommended for
general use.

(1) Do na use white for large aeas of bar graphsand column graphs becaise
white will not provide alequae @ntrast with the badground ofthe display
surface White is ometimes effedive for very small segments if the lines of
the bars or columns are heary enoughto set the bars or columns off from the
background and define figure and ground relationships.

(2) Use bladck in small areas and for cetain speda purposs (e.g., to show
unfavorable @nditiong. Becaise blak is 9 visudly prominent (strong), it
will dominae thegraph when used in large aeass (e.g., suppressthe perception
of daa shaded in other ways). However, when used in small areas it can hdp
solve shading problems and can make the graph easier to understand.

c. Do not use outline bars or columns Outline bars or columns generally will not
provide alequae mntrast with the bakground ofthe display surface ad figure
and ground relationships will not emerge. See b. (black and white) above.

C.1.1.1.9 Blowup Insert graph

When there is a wide rangein the daa, the smaller items may be barely visible on a ba
graph. To suppot compaative judgnents usng the smaller items, consde usng a
"Blowup Insert graph” where the smaller items are presented on an expanded scde (see
Figure C.1.1.1.9-1).

a. Genegadly, insert bas dould be the same thickness as the bars in the bar graph.
Bars may be made slightly narrower if there is not sufficient space on the graph.
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b. Do na use an additiond scde labd if theinsert can be placal diredly oppdasite the
item it describes. If an aternaive placement is necessary the scde labd should be
repeated in an abbreviated format.

0 100 200 300 400 500
Units repeived | | _
a | | | | Lost{units
b . 1
c 0 15 30
d [ |
e 1
f [T ]

Figure C.1.1.1.9-1. Blowup insert graph.

C.1.1.1.10 Total Insert graph

When it is necssary to show the total and the size of the total predudes its dired
placenent on the graph, consder usng a "total insert graph™. This insert is sown at a
reduced scale (see Figure C.1.1.1.10-1).

C.1.1.2 Simple bar graph

This graph is used to compare two or more @ordinae items. It is a series of hornzontal
bars drawn to the right of a common base line.

a. Items may be plotted acording to absnlute valug or may be epresed as a
percentage of an appropriate total, goal, average, or other standard.

b. A single shading for all bas ould be used. However, a bar used to show a
different caegory, such as atota or average, may beset off from the other bars by
a different shading or by additional space between bars.
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Figure C.1.1.1.10-1 Total insert graph.

C.1.1.3 Subdivided-bar graph

In thistype of bar graph, ead ber is divided into its component parts. The subdivided-bar
graph should be used to show the dfeds of ead component on the size of thetotal. It is
also called a segmented-bar or component bar graph.

a. Thesubdivided-ba graph hes the disadvantagetha only the mmponent that starts
from the base can be measured diredly from the aithmetic scde, which is
calibrated in absolute numbers.

b. By convention, the largest or most important component of ead ba should be
placed next to the zero line.

c. Condder udng this graph in preference to multiple pie dats to show a
comparative measure of totals of different sizes.

C.1.1.4 Subdivided 100 percent bar graph

In this graph eat ba is ssgmented into components tha total 100 pe&cent, regardless of
the dsolute size of the total value of the bar. The subdivided 100 pecent ba graph
should be used when it i s important to show the propottiond part of thetotal contributed

by ead component, i.e the pecentage distribution of the @mponents (see Figure
C.1.1.4-1).
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a. Thegraph ha the avantage of providing two base lines, zero and 100 pecent.
These base lines suppot dired compaisons of components at either end of the
graph.

b. To prevent the ingopropriate use of percentage ompaisons use this graph with
caution when there is awide differencein the @solute anounts or totals on which
the graph is based. Such compaisons can be anbiguousor misleading when
absolute amounts differ by wide margins.

c. Condder usng this graph in preference to multiple pie dats to show the
percentage distribution of a series of totals.

Percentage distribution
0 20 40 60 80 100

DAAC A
DAAC B
DAAC C
DAAC D
DAAC E
DAAC F

Push Pull Push + Pull

Figure C.1.1.4-1. Subdivided 100% bar graph.

C.1.1.5 Area-bar chart

A variation ofthe 100% subdiided ba chat, the aeaba chart is useful for conveying
propotionae anount of a total and the relative importance of coordinae items. In this
typeof ba graph, the aeas (width) of bars and ther subdivisionsare drawn in propottion
to the values of the categories and subcategories that they represent.

C.1.1.6 Grouped-bar graph

This type of ba graph can be used effedively when it is important to convey
comparisons of magnitudes for eat of two or three periods of time or for two or three
caegories of coordinate items. Ead item in a groupeal-ba graphis described by a set of
bas. The pared or groupal bas are arangeal in a series tha spans the heght of the
graph.
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a. The scdes of a groupeal-bar graph can be céibrated in absolute numbes or
percentages.

b. While it is permisgble to conne¢ the bars of an item, comnon piadice is to
separate the bars for each category of an item by a small space.

c. The spacebetween groupsof bars fould beno lessthan the thicknessof a single
bar.

d. When time peiod dda ae plotted, the mos important category should beplaced
first and given a darker shading.

e. To avoid the nea for overlapping, increase the haght of the graph. However,
when a series of pared bars takes up more spacethan warranted, the bars may be
overlapped to reducethe height of the graph, if oneset of bars gays congstently
shorter than the other.

C.1.1.7 Bilateral-bar graphs

This caegory of graphscongsts of threetypes of bar graphs pared-bar graph, sliding-
ba graph and deviation-ba graph. In bilateral-bar graphs the bas extend to the left and
right of a @mnon referent line or base line These graphs are used for making
compaisons of two contrasting vaiables or attributes, or for presenting posive and
negdive deviations inareases and deaeases, or gansand losss. Bilatera-bar graphsare
also called two-way bar graphs.

C.1.1.7.1 Paired-bar graph

This graph shows comparisonsof coordinae items or groupson two distinct variables or
atributes. The bars for ead attribute are placed oppose eat other, oneto the left and
oneto theright of the base line The pared-bar graphis appropriate when different units
or scdes mug be used for ead vaiable or attribute. As appropriate, use the @nvention
that bars that extend to the left denote unfavorable results or considerations.

C.1.1.7.2 Sliding-bar graph

In this graph the length of eat ba represents the total of two main components or
attributes. One mmponent of ead ba extendsto the left and the other component to the
right of a omnon referent line or base line Sliding-bar graphsmay beused when it is
important to compare the magnitude of the components from a common base line.

a. Thescdeof adiding-ba graph can be cdibrated in either percentages or absolute
numbers.

b. Thetwo main components of the dliding-ba graph may be further subdivided. To
avoid an ovely complicated presentation, do notsubdiide the @mponents of a
sliding-bar graph into more than three to four segments.

c. Shading may be used to differentiate the components and subdivisions.
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C.1.1.7.3 Deviation-bar graph

This graphis useful for comparing dff erences between adud results and a standad (e.g.,
postive and naydive deviations inareases and deceases, and né gans and nd losss).
Unlike the other bilateral graphs ead coodinae item on a deviation-bar graph ha a
single ba tha extends either to the left or to the right of the reference line (Figure
C.1.1.7.3-1).

Processing time variance from the mean

Shorter Longer
-20 -15 -10 -5 0 5 10 15 20

Datapak 1
Datapak 2
Datapak 3
Datapak 4
Datapak 5
Datapak 6

Figure C.1.1.7.3-1. Deviation-bar graph.

C.1.1.8 Range-bar graph

The use of therangeba graph is recommended when it isimportant tha the user know
something about te distribution of the daa values reported for eat coordinae item In
this graph, a range ba plots the minimum and maximum value amount and pemits a
compaison d thedifferencebeween the high and low values plotted. Rangebars are not
plotted from a common bese line and comparisonsof ranges for different items cannotbe
made directly (see Figure C.1.1.8-1).

a. A crossba or some other appropriate symbol may be alded to this graph to
pemit a compaison of daa values (e.g. averages) and thdr undelying
distributions.

b. Gods or tolerancelimits may also be portrayed using an appropriate symbol such
as a dashed line that extends the height of the graph.
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Figure C.1.1.8-1. Range-bar graph.

C.1.1.9 Change-bar graph

This graph is a variation of the rangebar graph; and it has a diredion indicator (such as
an arrowheal) to show change from onetime to another, indead of simple range This
graph may beused dfedively to show performance thediredion ofthe peformance and
the predicted future performanceof coordinae items. Also, this bar graph may be used to
show peformance before and after adoption of new methods or peformance of an
original and revised program.

a. To showdaasuch as an objedive or othe bench mark, best previousperformance
or predicted future performance appropriate graphicd symbology tha does not
clutter the display may be used.

b. By convention, untwvorable danges are shown with bladk bas, however, "red"
may also be appropriate for the data.

C.1.2 Column graphs

This graphic form and its variationsare genegaly used to show time series daa when the
number of values plotted is not very large (e.g., to compae daa for a single item or
several items measured at discrete intervals). In column graphs the bars are aranged
verticdly and there ae genedly two scdes. The verticd scde shows amount and the
horizontal scde shows time. Column graphsare dso used to show component relations
(e.g., the component parts of a total or a series of totals).
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C.1.2.1 Period data

Use wlumn graphsto patray period detarather than pant daa. For example, a clumn graph
can be usd effedively to show daa of adivities or events tha ocaur during a period o time,
but is less effective in showing data that indicate status on a given date.

a. Point daa may be shown as column graphs However, point daa can usudly be
represented bdter by curve and arithmetic line graphsor surfacegraphs becaise
these graphic forms better fadlit ate the andysis of point data. For example, curve
graphscan effedively show trends projedions forecasts and oher estimates tha
are important for andyzing pont daa Trend lines or othe projedions
supaimposd on a olumn chat usudly clutter the graphic and make it more
difficult to read.

C.1.2.2 Emphasize amounts or contrasts

Column graphsmake astronge presentation d the same daa than curve graphswhen a
few daa points are plotted. For example, the discreteness veticd extenson and width
of the ®lumns provide greder emphasis in showing amountof growth or development
than docurves. Also, consder usng the olumn graph rather than the airve graph when
it isimportant to provide greaer contrasts in potraying amount in two or three short
time series.

C.1.2.3 Fluctuation In time series

Use the olumn graph rather than de aurve graph to show time series data tha fluctuae
very sharply and are few in nunber (e.g., expenditures tha vary monthly from high to
low for the first quarter of a fiscal year).

C.1.2.4 Alternative formats

Use dternaive graphic formats to present a long series of daa with a grea many
plotting pants, to show numerouscomponents of totals and when several series of data
must be compared.

C.1.2.5 Construction

Column graphs can bedifficult to design effedively. Use these guiddines to design
column graphs.

C.1.2.5.1 Grid

Use a grid with horizontal grid lines to present a column graph.

C.1.2.5.2 Scale

Theverticd scde of a mlumn graph should always begin with zero and cover the range
of the data to be plotted.
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C.1.2.5.3 Spacing and width

The olumns $ould beof uniform width and evenly spaceal. Spadng baéween columns
may vary from onéalf to the same width as the columns.

C.1.2.5.4 Connected columns

When many columns mug be plotted, use mnneded columnsto save space ad to avoid
usng vey narow columns However, do notuse mnneded columnsto plot a very long
time series (e g., when datafor 3 or more yeas are plotted by months); use an aterndive
format (e.g., step curve surface graph).

C.1.2.5.5 Overlapping columns (or bars)

Avoid usng ovelapping columns or bas as possble to do ®. The mgor purpos of
ovelapping columns or bas is to save spaceor to fadlitate mmpaisons Becaise the
heightof abar graph is more flexible than thewidth of a column chart, overlapping in bar
graphs can usudly be carcumvented by inceasing the heght of the graph. Use
ovelapping in column graphsonly when ead of the front set of columnsis dhorter than
the back set.

a. Overlap the @lumnsby onehdf the olumn width, and separate pars by no kss
than onehdf the olumn width. However, with alarger number of columnsit may
be necessary to overlap by two thirds the column width.

b. Avoid ovelapping columnstha are subdivided into three or more pats, becase
the seledion of matching shadingswill be difficult. However, color can beused
effedively as a pat of the shading scheme when more complex subdivided
columns mug be overlappel, (e.g. ba&ground columns of blue ®uld be shaded
with same series of pdterns as the overlapping columns poitrayed in an
achromatic hue).

C.1.2.5.6 Breaking a column
Columns should not be broken, except for extreme values.

C.1.2.5.7 Shading

Use shading or crosshaching pdterns to differentiate the caegories of data plotted.
Seled paternstha do notproduce dverse visud effeds. Color may beused to provide
emphasis or it may be used for spedali zed puposs. Do nd use outline ®lumns. becaise
outline @lumns will not provide alequae @ntrast with the badground ofthe display
surface Bladk and white should na be used for standad puposes and ther use geneally
should be restricted to small areas.

C.1.2.6 Simple column graph

This column graph is effedive for showing a single time series (e.g., pocurements for
Januay throughDecember). Thesimple mlumn graph congsts of a series of verticd bars
each of which extend from the horizontal scale to a plotted point.
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a. Unde no circumstances should the horizontal scde of a single @wlumn graph be
omitted.

b. The verticd scde should aways begin with zero, should cover the range of the
data to beplotted, and should have horizontal grid lines tha continue acossthe
width of the graph.

c. Itiscommon pradiceto use asingle shading for all the ®lumns however, other
shading or crosshaching pdterns may also be @propriate in some indances
(e.g., to distinguish a mlumn of a different caegory or to achieve mngstency
with another display that plots the same data).

C.1.2.7 Grouped-column graph

This graph is smilar to the groupel ba graph and can beused to compare two to three
series of daa or different categories of daa in the same series. The groupel-column
graph is mog effedive for a series of data tha differ in level, in trend orby condition or
classification.

a. The spacing between sets of columns should be at least as wide as a column.

b. The olumnsin a single group may be ®nneted, ovelappad or sepaated by a
small space.

c. Thesizeof columns $ould have shadingsthat provide alequae contrast with ore
another and with the background of the display surface.

C.1.2.8 Subdivided-column graph

The graph is used to show the size of the @omponent pats of a series of totals. It is
similar to the subdivided-bar graph and serves smilar purposes as the subdivided surface
graph. The scale may be calibrated in either absolute numbers or percentages.

a. Itisdifficult to compare and identify individud segments when veticd columns
are patitionead into a large nunmber of segments. The subdivided-column graph is
best used to show a series of totals tha have threeor four component pats. When
alarge numbe of component parts mugt be presented, use the subdivided surface
graph.

b. Use the subdivided column graph rather than the subdivided surfacegraph when
the plotted vdues fluctuate sharply from one period to the next. The subdivided
column graph can be used to show distributions that may fluctuate sharply.

c. Use gpropriate shading and crosshatching pdternsto diff erentiate the segments
of the @lumns. When the paterns cannotbe labded within the grid, use akey or
legend.

C.1.2.9 Deviation column graph

This type of column graph and its variant, the grossand ne deviation column graph, are
similar to bilateral bar graphs The deviation column graph shows the differences
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between two series. It can beused effedively to present ne gans and losss, to show
increases and deaeases, to show how results varied from an estimate or requirement, and
to show other plus-or-minus differences.

a. Columns extend either above or below a referent line, but not in both directions.

b. By convention, pogdtive vaues are plotted above the referent line aad negaive
values below the referent line.

c. The use of diagond lines to connet¢ segments in adjoining columns $ould be
avoided. Diagond lines used in this way generally do nothdp to interpret the
graph but rather distract from its clarity.

C.1.2.10 Gross and net deviation column graph

This graph is used to potray grossand né changes. The "net”, the difference between
eat par of columns is siown as an ovelapping deviation column tha appeas ether
above or below the zero referent line.

C.1.2.11 Floating column graph

This typeof column graphisavariation d the subdivided column graph. Thetotal length
of ead column is the total of two main components, and the dividing line beween the
two components is used as the base line The @mponeits usudly show favorable and
unfavorable attributes or conditions.

a. Thefloaing column graph differs from the deviation column graph in tha ead
column extends both above and below the base line.

b. The unfavorable condition is usually plotted below the base line.

C.1.2.12 Range column graph

This graphic fadlit ates comparisonsof minimal and maximal values plotted for different
time peaiods Thehighand low values for eat time period are plotted and conneded by
a olumn to show therangeof the data (seeFigure C.1.2.121). Therangegraph can be
used to show monthly, weekly, or daly fluctuaionsin dda such as pesonnd strength,
inventories, or prices.

a. Average values can beinduded on ange graphs by usng crosslines or othe
appropriate indicators.

b. Supplementary range information such as high and low tolerance limits, uppe
and lower levels of efficiency, or other top and bdtom "bench” mark data may be
placal on arange graph. A light dash or dot line acossthe eatire graph is
generally used.
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Figure C.1.2.12-1. Range-column graph.

C.2 Curve and arithmetic line graphs

This genea type of graphic form, cdled curve or arithmetic line graph, is a type of
"Cartesian" coordinae graph tha is derived by pbtting oneor more sets of daa on a
coordinae surface The Curve and arithmetic line graph shows relations among sets of
data defined by wo continuous variables. In the arve graph, dda relations are
summarized by asmoothed line (curve), and in the aithmetic line graph straight line
segments are used to conned successve plotting ponts. These graphic forms have ther
gredest and mog significant application in the representation of time series daa but are
appropriate to represent any entity measured on a ontinuum (e.g., heght, weight,
temperature, areg. The term "curve graph” will primarily be used heein; however, the
guidelines apply to both curve and arithmetic line graphs.

a. Congder the wrve graph to potray a time series when many ponts are plotted,
several time series are mpared, and when emphasis is on movement or trends
rather than on actual amounts.

b. The curve graph can be used effectively to show projections or forecasts.
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C.2.1 Construction

C.2.1.1 Scale

Plot time or othe entity (e.g., temperature, area misson segment) consdered the
independent variable on the horizontal scde (X-axis); and plot amount, the dependent
variable, on the vertical scale (Y-axis).

a. Thenunmber of mgor and intermediate scde divisions $iould be minimized. The
scde divisonson the verticd axis ould cover the entire range of the daa and
should be easy to read.

C.2.12Grid

a. Present curve and arithmetic line graphsin a fully endosed giid tha congsts of
both horizontal and vertical grid lines.

b. To prevent distorting the daa or erroneous interpretations of the data, bre& the
grid when a large pat of the grid is not needed. The bre&k can beshown by a
wavy linetha extendshorizontaly adossthewidth of thegrid. The z&o baseline
may be omitted if appropriate for the range of the relevant data.

C.2.1.3 Multiple curves

When it is important tha the user compare related curves, placemultiple arves on the
same graph.

a. No more than four curves or lines should be presented on the same graph.

b. When the presentation of several curves on the graph will not provide an
unambiguousinterpretation of the data, congder usng multiple graphs enlarging
the overcrowded potion of the grid, usng some othe form of graphic
presentation or presenting the data in a non-graphic format.

C.2.1.3.1 Coding

Use line oding orcolor coding to differentiate the airves. When curves portraying the
same daa ae presented in a series of related displays, use line or color codes
consistently

C.2.1.3.2 Color

Congde usng color to differentiate the airves when the graph will not be reproducel.
When colored lines are reproducel, they may show only slight differences in shading
tones and may not be clearly distinguishable.
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C.2.1.4 Curve labels

When several curves are plotted onthe same graph, labd ead curve. Labds either can be
locaed contiguousto the airves or listed alongwith the arve paternsin a speaal key or
legend. Use contiguous curve labelsenever possible to do so.

C.2.2 Slope curve graph

In this graphic form plotted ponts are mwnne¢ed by asmoothed line tha extends from
onepoint to the next. Theslope arve graphis commonly used to display "as of" or point
data, status as of spedfic points in time (e.g., month-end inventories, strength,
unliquidated obligaiong. Slope airves suggest tha changes from point to point are
continuousand are therefore usudly the best way to show data tha have a"cary ova™
from one time to the next.

a. When fewer than four or five points are plotted, use a column graph.

C.2.2.1 Multiple slope-curve graph

When it is important tha the user compare related curves, ue amultiple slopecurve
graph, where two or more aurves are presented onthe same graph (seeFigure C.2.2.11).
A multiple slopecurve graph can beused to show interdependent curves, such as a total
and its components; independent curves, such as two or more totals, or nondgendent
curves, such as an actual result compared with a forecast or estimate.

a When curves cannot be unambiguousy interpreted due to crisxrossng,
ovelapping or othe interadions consde usng two or more graphs with the
same scales.
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Figure C.2.2.1-1. Multiple slope-curve graph.

C.2.3 Step curve graph

A step curve graphis an arithmetic line graph where verticd li nes are used to connet the
ends of horizontal lines that are drawn through each point.

a. Usethestep curve to show averages, or other measures that apply over periodsof
time.

b. A step curve graph may be used effedively to present data tha change druptly at
irregular intervals.

c. Usethestep curve graph rather than the slope airve graph to show "period” dda,
especially when the time series is a long one.

C.2.3.1 Multiple step-curve graph

This graphic form presents two or more step curves on the same graph bu should be used
only in limited cases. Step curves are difficult to trad if they cross Present two or more
step curves on the same graph if they to notoverlap orif crossngis minimal, i.e. to not
cross back and forth several times.
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C.2.3.2 Cumulative curve graph

This graphic format uses either a slopeor step curve to show a running total. Each point
onthe awrveisa awmulative total, the total for the arrent period plusal ealier peiods
(see Figure C.2.3.2-1).

a Use acumulative aurve graph when the amulative total at ead peiod can stay
the same or increase but can never decrease.

b. Consder usnga aumulative aurve graph to compare present peformancewith an
objective or goal.

c. Condgdder usng multiple aurves when it i s important to compare amulative totals
for the same intervals for different periods.

C.2.4 Cumulative deviation graph

This graph shows the aimulative differences or deviationsat ead period dotted (e.g., ret
gan orlossin strength, or cumulative deviation from budgée or alowance. Unlike the
cumulative aurve graph, its curve can go dow as well as up to show net changes,
increases or decreases.

C.2.5 Vertical line graph

This graphic form portrays the data values of a single time series usng verticd lines. The
verticd lines may originae from the horizontal axis, but te graph is usudly more
effedive when the verticd lines begin from a horizonta line throughthe cater of the
data. Condde usng the verticd line graph when the user neals a display of the
individud values, when the user neals to examine short-term fluctuaions or when the
time series has a large number of values.
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Figure C.2.3.2-1. Cumulative curve-graph.

C.2.6 Graphic aids
C.2.6.1 Special scales

C.2.6.1.1 Repeated time scale

An arithmetic line graph with arepeded time scd e supaimposes on the same grid two or
more temporal series covering dfferent periodsof time. The presentation d monthly data
on a 12-month time scde for different yeas is the mog common applicaion. Consder
usng a repeded time scde when it is important to bring different time series into close
juxtaposition for ready comparison.

C.2.6.1.2 Multiple time scale

Thistypeof scdeis gmilar to arepeded time scde; however, arithmetic line graphswith
multiple time scdes compare two or more temporal series tha cover nonepeding time
periods.
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a. A multiple time scde can beused effedively to compare results or conditions
during two historical periods.

b. Multiple time scdes are disadvantaged becaise they are difficult to design. The
matching of time periods is the main design problem.

C.2.6.1.3 Multiple amount scale

For purmposes of comparison, a multiple anountscde bringsinto close juxtaposti on two
or more aurves measured in diff erent units or curves measured in the same unit, where the
sprea in the range of thear values makes it difficult to compare them. Users mug
exercise extreme caition in examining and interpreting giephstha have more than one
amountscde. Users can misreal them easily. Conequently, the use of multiple anount
scdes shdl be avoided. Consder conveting thediffering variables to a cmmmon scde of
measurement (e.g., index nunmbeas or pecent of average for peiod) or usng a
semilogarithmic scale.

C.2.6.1.4 Supplementary amount scale

This type of scde provides two kinds of measurement on a single graph (see
Figure C.2.6.1.44. In addition to measuring variationsin a series of data (common to all
curve graphs, a graph with a supplementary amount scde dso measures the size of the
series in relation to another series (e.g., a arve measuring cumulative produdion
processng plotted agang a series of supplementary curves tha measure 40, 50, 75 ad
95 percent of system production capacity).

a.  Supplementary amountscdes can be used effedively to patray data for any item
in terms of actual levels and tolerance ranges.
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Figure C..2.6.1.4-1. Supplementary amount scale.

C.2.6.1.6 Index-scale

An index scde shows data tha have bean conveted into pecentages of a base vaue
While index scdes are used primarily to show composte daa, they can be used for
compaing two or more series of data tha are measured in different units (e.g., workload
and strength) or in different size units (e.g., a total and one of its components).

a Gengdly, the @mpaisons fiown on agraph tha uses an index scde can be
shown cleaer if presented as smple pecentage differences. An exception is
standard economic indexes such as price and wage indexes.

C.2.6.1.6 Logarithmic amount scales

On a logaithmic scde equd distances represent equd ratios and on & arithmetic scde
equd distances represent equd amount. When a scde is ruled logaithmicdly, relative
changes can berepresented acwrately, and the rate of changeis emphasized. Arithmetic
scales emphasize the absolute amounts of change.

a. Becais the daraderistics of logaithmic scades are not undestood widdy, they
are recommended only for users who are familiar with them.

b. Logarithmic scales cannot be used to show zero or minus (negative) figures.
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C.2.6.1.7 Semilogarithmic graph

Line graphstha use semilogaithmic scding have both a logaithmic scde (the verticd
axis) and an arithmetic scde (the horizontal axis). Thistypeof graphis aso cdled aratio
graph.

a. Congder udng a semilogaithmic graph when it is important to represent relative
changes acwrately, espedally when there is awiderangein the vaues or sizes of
the time series compared.

b. Arithmetic scdes may portray changes acairately if the quantities compared are
approximately the same value or size However, the wide the range of the
arithmetic scde (e.g., 0 b 9,000,000}he greder the division beween adud and
relative changes.

c. A logaithmic amountscde can be used to compare relatively small nunmbers with
large ones without giving the user misleading or inacarate impressons of the
data.

d. Condde udng a semilogaithmic scde to show the mathematicd projedion of
trends for special kinds of data and time series analysis, only.

e. Condde usng a semilogaithmic scde to compare relative dianges of a single
series of data at different times, or of two or more series at the same time.

C.2.6.1.8 Logarithmic graphs

Line graphstha have logaithmic scdes for both the verticd and hoizontal scdes are
cdled logaithmic graphs leaning curves or progresscurves. These graphsare useful for
studying certain produdion guantity-cos relations such as those for computers and aher
equipment.

C.2.6.1.9 Multiple-log graph

A line graph tha congsts of a multiple-log amount scde has two veticd scdes tha are
ruled logaithmicdly and a horizontal scde tha is ruled arithmeticdly. A multiple-log
amountscde permits a compaison o daatha are measured in different units or that are
measured in the same unit but differ consderably in size As with multiple anount
graphs usrs can easlly misread multiple-log amount graphs and mug use etreme
caution in examining and interpreting them. Consequently, these type graphs $iould be
used only when absolutely necassary. Consde usng a multiple-log amountgraph only
when it is important to show how the relative (percentage) changes in one series
compares with relative changes in another.

C.2.6.2 Differences of curves

When the user mug compare the values of two supeimposed curves with widdy varying
dopes, a graph of the arve differences may be provided to hdp the user make more
accurate judgments.
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C.2.6.3 Trend lines

Congde supaimposngatrend line (afitted curve) on an arithmetic linegraphwhen it is
important for the user to measure the deviationsfrom atrend (e.g., cyclicd, seasond and
irregular movements) or when it is important for the user to study the trend in the daa
(e.g., not dfed of fadors beaing on hetrend; compare onetrend with another; discover
wha effed trend movements have on cyclicd fluctuations attempt to forecast the future
behavior of thetrend). Trend lines may be developad usng an appropriate mathematicd
technique(e.g., smple moving average, weighted moving average, least-squares method,
asymptotic growth curve).

C.2.6.4 Residuals

When theuser mug judgetheverticd distances of points from afitted curve or trendline
a graph of the residuals may be provided to help the user make more accurate judgments.

C.2.6.5 Multiple graphs

To suppot user interpretation o a graph tha has multiple lines or curves, consder usng
multiple presentations In addition to the single graph tha presents the juxtaposed curves,
display pars of curves sparately. Use thesame scde in al graphs and consder allowing
the user to seled pars of curves for display. SeeFigure 2.6.54 for an illudration of
these points.

C.3 Surface graphs

Surfacegraphsare esentiadly types of curve and arithmetic line graphsthat are shaded or
textured to providegreder emphasis. Spedficdly, asurfacegraph is a plot of oneor more
lines, curves or steps where the distances between the plotted graphic dements are fill ed
with crossaching, shading a color to creae strata or layers. Surfacegraphscan be used
effedively to patray component relations(e.g., to patray atotal and its component or to
show how the mmponent pats of a total change in importance over a span of time).
However, unlike aithmetic line graphs surface graphs cannot diredly show forecasts,
estimates or other projections and multi-strata surface graphs are difficult to read.

C.3.1 Construction

C.3.1.1 No broken scale

The scales of surface graphs should never be broken. Broken scales will distort the data.

C.3.1.2 Coding

To avoid adverse visud effeds and to adiieve darity, simplicity, and ease of
interpretation, the method ud to diff erentiate the strata or stratum (e.g., crosshatching,
shading or color) should be selected judiciously.
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Different pairs of curves are presented in separate graphs (b. and c.) to assist the user in interpreting the
multiple slope-curve graph.

Figure C.2.6.5-1. Multiple graphic format for user interpretation of multiple
slope curve graphs.

C.3.1.3 Strata labels

Each stratum labd or designaion should be locaed diredly within thetextured or shaded
stratum it identifies. When there is insufficient space a labd may be placal ouside the
stratum and mnneded to the stratum usng an arow. However, when an arow mug cross
a stratum to read onetha is unlabded, ue akey or legend to identify the strata of the
surface graph.

C.3.2 Simple surface or silhouette graph

This graph isaslope wrve graphin which the aeabetween the airve andthebase lineor
other referencelineis textured or shaded. It is primarily used to provide alded emphasis
(e.g., to make a simple growth curve look more impressive).
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C.3.3 Simple step or staircase surface graph

This graph isa step aurve graph in which the aeabaween the stepsor staircases has been
textured or shaded. Its uses paale thos of the step curve graph. Also, the step surface
graph is smilar to a onneded column graph and can be used indead of conneded
columns to plot a long time series (e.g., when dda for 3 or more yeas are plotted by
months).

C.3.4 Band surface graph

In a band surfacegraph the spacebeween two curves is shaded or textured to emphasize
the differences between the two curves, as well as thar abslute magnitudes (e.g., to
show profit margin, an incease, a deaease, a difference beween cumulative
expenditures and obligationg. To us the band surface graph, oneseries of daa mug
aways be greder than the othe and the two series cannotcross This graphis also atype
of range graph and serves similar purposes as the range-column graph.

C.3.5 Net-difference surface graph

The net differencesurfacegraph is used to show differential changes between two series
of daa. Unlike the band surface dat, the two curves shown can cross o the difference
between them can have two meanings (e.g., ne& lossor net gan or othe plus-or-minus
differences, income and expenses, pasonnd accessons and separationg. Contrasting
shadings or textures are used to differentiate the plus-or-minus differences. The net-
differencesurfacegraph hes smilar uses as the deviation column graph and the grossand
net-deviation column graph (see Figure C.3.5-1).
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Figure C.3.5-1. Net-difference surface graph.

C.3.6 Subdivided or multiple-strata surface graph

The subdivided surfacegraph ha smilar uses as the multiple slope arve graph from
which it is derived. However, this graph is used widdy in statisticd presentation to show
how the @mponet pats of a total changein importance over a span of time (i.e, to
show trendsin thedistribution ofthe @mponent parts over time). Thedaavalues may be
expresed ethe in absolute numbes or percentages. Restrictions on the use and
construction of the multiple-strata surface graph are described below.

C.3.6.1 Precise comparisons

It is difficult to read the data on a surfacegraph and to make accirate @wmpaisonswhen
more than onestrata is shown. Only the bottom layer and a total on a multiple-strata
surfacegraph can berea diredly from the base line The values of the other strata ae
read usng the distance between the plotted lines. Therefore, when a user mug make
predse, measurable cmparisons condder usng a mlumn graph a bre& up the series of
layers into individual graphs keyed to the master surface graph.
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C.3.6.2 Data that rise sharply

Do notuse the multi-strata surfacegraph to plot data tha rise shaply; use an dternaive
graphic format, such as a wlumn graph. If a series of stratain a multi-strata surfacegraph
display a shap upward trend, an illuson may be eeaed in the top stratum which may
indicate adeaease in its width toward the end of the series. This illuson results from a
tendency of the ge to interpret the width of the stratum horizontaly rather than
vertically.

C.3.6.3 Positioning of strata

To avoid distortions in the strata of a multiple-strata surface graph, phlce the least
variable strata & the bottom and the mog variable strata & the top. An irregular
component when placel at the bottom of a surfacegraph may distort the strata placel on
top o it; and these strata may also be percaved as irregular. In cases where aranging the
strata to fit the behavior of the data would be ill ogicd given the subjed of the daa
plotted, consder an dterndive format (e.g., multiple-step surfacegraph, multiple slope
curve graph, or column graph).

C.3.7 Subdivided or multiple-step surface graph

This graph presents two or more shaded or textured step curves on the same graph (see
Figure C.3.7-1). It can beused effedively to show "period dda’ as oppod to "point
data' and to show averages or other composte measures tha apply ove periodsof time.
However, it is espedaly effedive for presenting dda tha change @ruptly at irregular
intervals or move up ordown at irregular intervals. The least variable strata should be
placed at the bottom and the most variable strata at the top, as possible to do so.
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Figure C.3.7-1. Subdivided or multiple-strata surface graph.
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Appendix D: Character Size and Fonts

No spedfic aiteria have been established for the seledion o fonts. However, adhaence
to thefollowing charader size criteria ae more eaily ascertained and verified if fixed as

opposed to proportional fonts are selected for display on CRTs.

- Toimprovetext seach and sorting task performance use a9 x 13pixel matrix or

larger.

- When displaying dot natrix symbols in nonverticd orientations use & least an
8 x 11-pixel matrix and preferably a ¥21 matrix size.

- Charactestroke width (SW) should be in the range defined by:
(character height 12) + 0.5< SW < (character height 6)

See Table D-1 for guidance.

Table D-1. Required Pixels for Stroke Width

Pixels in Upper Case Minimum Stroke Maximum Stroke
Character Height Pixel Count Pixel Count
7t08 1 1
9to 12 1 2
13to 14 2 2
15to0 20 2 3
21to 23 2 4

- Character heighb width should be in the range defined by:

(character height 0.5)< character width< (character height 0.9)

See Table D-2 for guidance.

Table D-2. Required Pixels for Width Design

Pixels in Upper Case Minimum Width Suggested Minimum Maximum Width
Character Height Pixel Count Width Pixel Count Pixel Count
7 4 5 5
8 4 6 7
9 5 6 8
10 5 7 9
11 6 8 10
12 6 9 11
13 6 9 12
14 7 10 13
150r 16 8 11 14
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L menu structurel12-14

label, 6, 29, 40, 42, 43, 44, 45, 46, 47, 48, 52, 53, 61, mnemonics20-21, 41, 42, 98, A-3
65, 69, 71, 78, 81, 83, 88, 89, 90-91, 95, 96, 99, 100,

108 110,114, A-1, A-3, A-4, A-5, C-4, C-6, C-18 C-

26

Motif, 1, 2, 10-12, 13, 18, 19, 20, 28, 36, 37, 42, 44,

45, 48, 49, 50, 57, 59, 68, 101, 108, 113 114, 115

120, 123, 127, 128, 129, 130, A-5, A-6
pop-up,40, 114

list, 18, 29, 31, 37, 49, 50, 51, 53, 58, 66, 67, 68, 91,
104, 118125, 3,4, 1

N

navigation,11-15 45, 51, 114, 122, 124
scrollable, 118

scrolled, 36, 37, 4%1, 58

' O
login, 6-9
object,3, 9, 10, 18, 19, 40, 49, 57, 88, 108, 120, 125
logout, 6,9
application,3
classes3, 9
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map, 39, 53, 66, 83-87124, A-3 desktop3
menu, 4, 18, 19-21, 22, 24, 25, 28, 29, 33, 36, 37, 41- document3
44, 45, 46, 47, 58, 88, 98, 99, 101, 104, 111, 120, selection,10-11, 28
122,124, A-3

object-process}-5
application,19

OTS, 11, 12, 13, 14, 30, 57, 1127-28
cascading, 1%2-43 A-1

full-screen,19

P
help, 27,115,120

passwordy-9
Lotus-style,19

multilevel, 19

R
option,43-44, 47, A-3

Release A, 3, 411
pop-up, 4, 19, 22, 423, A-4

Release B, 411
posted44, A-4

response time31-33 A-5

property,5

S
pull-down, 12, 19, 22, 27, 36, 42-43, 46, 53, 58,
A-4. B-2 sash52, A-4

spring-loaded44, A-5 scale, 36, 37, 492, A-4

workspace42 scalesy/4-77

menu bar, 13111-14 115, A-3, B-2 pictographic 87
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screen density, 145-17, 68, 83, 85 W

screen elements, 12, 1¥8-22 watch pointer53, 102, A-6
location,27-28 window, 1,18, A-6
screen template8-1 - B-8 activation,6
basic screen structurB;3 application,13, 19, 22
help,B-4 - B-6 bulletin board, 37, 38
error dialog,B-7 clutter,16
warning dialogB-8 command48
scroll bar,51, 67, A-4, A-5 container13-14 37
security,8-9 COTS/OTS 14
selection, Seebject -- selection dialog, 14
separator, 4347, 58, A-5, B-2 drawing area39
status line27-28 file selection48
form, 37,38
T frame, 3740, 45
tabbed form, 1213-15 40,41, 113-14 A-5 full-screen27
tables,69 help,115, 116, B-2,B-4 - B-6
tabstack, 12, 3740-41, 58, 114, A-5 Help on, 115117
tabular datag8-69 73 main,37-38 53, 57,111-12 A-3, B-2
display and printout89-95 management|1-13 19
tailoring, 1, 3595-96 menu,44-45
templates, See screen templates message, 5, 451
text entry, 7, 17, 28, 32, 49, 51, 54,73 multiple, 13, 114
text field, 7, 17, 46, 49, 50, 52, 53, 56, 58, 61, 100, overlapping,13, A-3
A-5

paned, 3739, 52, A-4
toolbar, 1340, 48, 58, 104, 114A-5

U

placement14, 96
primary,12-14 18, 27, 28, 37, 53, 58

undo, 21,100, 114, A-5
root, 19

user authorizatior rowlcolumn. 3738
w/column,
scrolled, 3738, A-5

secondaryl2-14 18, 37, 48
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selection48 window manager, 42, 45, 49, 55, 56, 127, A&
sizing, 20, 53, 101 window organization59-61

templates, 111-18-1 - B-8 workspaceb, 14

text entry,51

tiled, 59,A-5 Y

viewing, 51 Yale Style Manual, 1123-124

window characteristic§9
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