
Ten Ways to Improve Usability Engineering­
Designing User Interfaces for Ease of Use

Robert E. Opaluch Thispaper discusses 10 methods for improving a product's or service's ease
Yao-Chung Tsao ofuse. These methods canbenefit notonly human-factors engineers, but

also project managers and system developers. The methods aregeneral
user-interface (VI) principles thatengineers anddesigners have applied to
many projects with excellent results. Thesemethods demonstrate proven
techniques for ensuring effective VI design. Although each one is impor­
tant, the extentto which designers apply them to individual projects
depends onmany variables. Thesevariables are also discussed. Not all VI
issues canbe resolved simply and easily, but the 10 methods presented in
this paper will help to improve usability and end-user acceptance.

Introduction
Productengineers and designers

can optimize customer satisfaction by early
and consistentuse ofdesignand testing pro­
cesses that emphasize rather than ignore
ease ofuse. An easy-to-use productor ser­
vice provides important end-userbenefits,
including reduced learningtime,enhanced
productivity, and fewer operating errors.
Ease ofuse can alsopositively affect cus­
tomers' and end-users' bottomline. Prod­
ucts and serviceshavingsuperiorusability
oftensellat a premium price,but save
moneyover the longterm because they
accelerate and simplify manycomplex and
difficult end-userprocedures.

Engineersand designerscan achieve
ease ofuse through UIdesigns that focus on
key usability criteria, that meet specific
needs, that improve on established proce­
dures, and that maintain UIconsistency. Addi­
tional information about this topic and other
UIissues, principles, and methods is also
available.lr l"

A UIincludes allaspectsofthe rela­
tionship betweena productor service and an
end-user. Traditional UIdesignconsidera­
tions include computerdisplays, dials, con­
trols,keyboards, workstationfurniture, docu­
mentation, on-line help, training, procedures,
tasks, instructions, descriptions, and pictorial
representations. Recent UItechnological

advances include voice input, voice synthesis,
real-time video, and electronic pen input.

A UIdoes not include specific hard­
wareand software withwhich an end-user
does not interact. For example, centraloffice
equipment, operating systemkernels,pro­
gramming subroutines, transmission equip­
ment, and protocol layers typically are not
part ofa UI. However, these examples could
be part ofa productor service that has a UI.
Or, they maybe the hardware or software
that drives a UI. Therefore, a UIis defined as
onlythat portion ofa productor service that
an end-user sees, hears, feels, interactswith,
or thinks about.

The technologies to develop a UI, to
writecode, to test software, or to buildhard­
wareare not included in this discussion.

Ten Methods to Facilitate Usability
The 10methodsfor improving ease of

use ofproductsand services are:
- Identifying/Knowing End-Users
- Assigning a UIDesignerEarly On
- Obtaining Team-Member Input
- Enumerating End-User Tasks
- Conducting Competitive Analyses
- Prototyping a UI
- UsingUIStandardsandStyle Guides
- Reviewing UIDesignWorkIteratively
- Conducting Usability Testing
- ProjectManagement Support.
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Panel 1. Abbreviations, Acronyms, and Terms

alpha release-an earlyversion ofa product or system
having limited functionality

beta release-an interim, mostly functional, version of
a productor systemthat allows testingin the end­
user environment with actual tasks

prototype-working model or earlyrepresentation ofa
UIwithout complete systemfunctionality, allowing
simple simulations or demonstrations that lackfull
functionality

QFD-quality function deployment; a method for
analyzing the relation ofcustomerneeds to product
features

rapid prototyping-repeated cycles ofredesigning and
evaluating a prototype by end-users

task-a set ofhumanactions, with clearstartingand
endingpoints, that contributes to a specific func­
tional objective and ultimately to the outputgoal
ofa system

taskanalysis-a description and application ofa task
task scenario-a common sequenceoftask steps
UI-user interface; includes allaspectsofthe relation-

shipbetween a productor service and an end-user
usability-degree to which a systemis easyto use,

easyto learn,and optimized fromthe end-user's
perspective

usability engineering-methods to assure that UIsare
easyto learnand optimized from the end-user's
perspective

usability testing-measuring end-users while theycom­
pletetasks with the tested UI, with the intentof
improving the UIto optimize end-user performance

user-centered design-designing for ease ofuse by
including end-users on a project team

IdentifyingjKnowing End-Users
To successfully designa productor service, UI

designers and engineersmustensure that theyget to
know end-users. This mayinvolve a changein thinking
formany engineers, whooften assumeeveryone has the
sameknowledge as they do,or that theyautomatically
know whatend-users want.

Engineers sometimes spendlittle if anytime
determining end-user needs. Instead, theymayfocus
their attention only on designing a productor service for
a generaltypeofend-user. Many times, the only individu­
alswho provide design feedback are other engineers or
designers, who are usually far moretechnically adept
than mostend-users.

Before beginning to designa UI, usability
expertssuggestthat management assemble a project
teamthat includes engineering, marketing, and human­
factors professionals. Although atypical, the inclusion of
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end-users on the project teamis strongly recommended.
The teamidentifies who the targetend-users are.

This identification processincludes developing a
detailed, written description ofend-users' background
andcharacteristics. Designing andtestingthe UI, using
the written description, is then begun.

The project teamshould use the end-user
description for selecting subjects fortesting, for design
reviews, andforparticipatory design workwith member
end-users. To double-check the description's accuracy,
the project teamreviews its contents with team­
members, as well as outside end-users.

User-Centered Design. Often, the researchand
development community develops products or services
basedon the availability ofa technology, then hopesthat
a marketfor the product or service will emerge. This
technology-driven approach canresult in a product that
centers only on the technical community's perceptions
and preferences, andnot on those ofcustomers.

Abetter approach is to identify the end-users;
determine the features and usability criteria important to
the end-users; and iteratively design andtest forusability
to ensure that the product or service meetsend-user
needs. Sucha user-centered design approach helpsto
ensure maximum user interest, and resultsin practical,
easy-to-use products and services.

Without user-centered design, developers risk
producing technologically advanced products or ser­
vices that no onewill buy, use, or even understand.
Products and services designed bya technical staffmay
appearto be easyto learnanduse. Butnontechnical
end-users mayfind such products and services intimi­
dating and difficult to grasp. There are numerous exam­
plesofengineer-designed software UIsthat are so com­
plicated and inconsistent that average end-users make
frequent errors andneverlearn to use the programs
effectively. Many people do not take advantage of
potentially useful technology, such as television pro­
gram recording usinga video cassetterecorder,
becausethe UIis poorly designed, notbecauseofan
inherentlackofinterestin the technology.

Usability is the degreeto which a systemis
easyto use, easyto learn, andoptimized from the
end-user's perspective. Usability is measured notby
feedback from designers or developers, but byfeed­
backfrom end-users. Nomatterhowelaborate a prod­
uct or service may be, if an end-user cannotuse it



easily and effectively, it rates poorly in usability. Engi­
neers determine a product's ease-of-use ratingthrough
usability testing.

Usability canincorporate several components,
depending on end-users' needs.Usability typically
includes ease oflearning, ease ofuse, and end-user satis­
faction. Usability factors can alsoinclude:
- Efficiency and productivity enhancements
- Minimal error rates
- Clearnotification oferrors
- Easyrecovery from errors
- Easymaintenance
- Easeoflearning
- Support for incremental, spontaneous learning
- Support for end-users under stress and in non-optimal

conditions
- End-user safety andhealth
- End-user delight andenjoyment
- End-user acceptance and preferences.

Designing forusability encompasses refining
andoptimizing whatever is important to end-users,
including processesand tools that focus productor ser­
vice features on end-users' needs and demands. Primar­
ily, end-users drive and constrain UIdesign. Marketing,
systems engineering, and systemsdevelopment assume
secondary UIdesign roles. Methods differ in the specific
way that end-user perspective is brought intothe design
process. Some ofthese methodsmaybe combined:
- End-user interviews before design-interviewing

future end-users to understand their needs and to
solicit their opinions on a proposed design

- End-user focus groupsbefore design-meeting of8-12
end-users, conducted bya specially trained moderator

- End-user modeling-developinga model and descrip­
tionofthe end-user, documenting end-user assump­
tions, or developing an end-user simulation system

- Quality function deployment (QFD)-often helpsfocus
teamefforts on customerneeds. It relateswhatthe
teamlearnsaboutcustomerneeds to the product or
service beingdesigned. QFD, whenimplemented at
the frontend ofa product or service life cycle, typically
includes: identifying and prioritizing customer needs;
identifying features that address those needs; mapping
features to needs; and identifying feature emphasis.

- End-users as design team members-one method of
improving the design team'seffectiveness in designing
for ease ofuse is to include end-users on the team.

End-users canparticipate in design andcanprovide
a wealth ofinformation aboutthe product or service
environment. Theycanalso explain and demonstrate
the importance and significance ofproposed features.

Auser-eentered design approach ensuresthat
the project teamrecognizes and develops only those fea­
tures end-users wantand need. This approach gets end­
users directly involved with the design process, minimiz­
ingthe chanceofproducing a technically complex,
difficult-to-learn product or service. User-centered design
eliminates the need to changea UI infuture releases
because the UIwas designed correctly from the begin­
ning. User-centered design createsa technically powerful
product or service that mostpeople canunderstand and
use effectively, and it also increases chances forsuccess
ina competitive marketplace.

Easy Ways to Start. Identification is oneofthe
mostimportant aspectsofgettingto know the principal
end-users. Quality function deployment (QFD) is a
method foranalyzing the relation ofcustomer needs to
productfeatures. 11 QFD canbe usedforfocusing on
end-user needs. In addition, project andmarketing man­
agers can identify end-users by developing a written
description, which includes a pageor two aboutback­
ground, experience, education, computer skills, motiva­
tionlevel, normal workday activities, andsystems famil­
iarity. Managers distribute the description to end-users
andproductmarketing to verify the information. After­
ward, the write-up goes to the project team.

Design-team members consider the background
and skill-set summary in the description to tailor a UI to
end-users' needs.Then,a listofusability criteria is devel­
oped. These criteria cangive specific minimums and
expected levels forparameters such as: howlong it takes
80% ofend-users to learnan important task; maximum
numberoferrors that 90% oftypical end-users would
makedoing somespecific task; maximum timeit would
take 75% ofend-users to perform an important sub-task.
The design teamtests for these usability criteria to deter­
minewhetheror not a UIdesign meetsend-user needs.

Assigning a UI Designer Early On
Toooften, project managers assign usability

engineers or human-factors professionals to work on a
project afterimportant decisions are madeandmile­
stonesare passed. New teammembers then canonly
evaluate workalready doneand point out anyUIand
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engineering-process defects. It is too latefor them to fix
the defects without major cost overrunsand schedule
delays. So, either the usability defects remain and the
project proceedswitha designhaving reducedend-user
satisfaction, or the projectteamtakes timeto reworkthe
VIandfixthe defects at substantial additional cost.

Fromthe beginning, project managersshould
include usability engineersas part ofa project teamto
minimize such difficulties and maximize end-user satis­
faction. Any project that has developers working on VI
design shouldreceive formal supportfromusability engi­
neering. For that supportto be effective, it shouldstart at
the project's inception and continue through to the end,
with particular emphasis duringthe earlydesignstages.
Usability engineersshouldhavethe opportunity to com­
pletely redesignthe VIif they or the end-users believe
redesignis needed.

Timing of UI Design and Testing. UIdesignand test­
ing methodsare mosteffective whendiscussed and
decided at the product-planning stage,beforeVIdevelop­
mentbegins. Usability engineersshouldhavethe oppor­
tunity to completely redesignthe VI if they or end-users
believe rework is needed. Specifically, it is veryimpor­
tant to haveconsensuson VIdesignbeforebeginning
detailed development. Otherwise, either end-user satis­
faction will suffer, or the cost and timefor VIredevelop­
mentwill skyrocket.

UI Design and Usability Testing Plan. Onceinvolved,
designerspreparea VIdesignand usability testingplan
for the project team's review and concurrence. Designers
use the plan to executeand track usability engineering
procedures.

Likely Penalties for Late Involvement. Two signifi­
cantdifficulties will haveto be faced if a VIdesigner, or
anyother critical team member, is assignedto a project
late. Either the project team will haveto proceed with a
non-optimal design, or costly reworkofthe VIwill be
necessary.

Easy Ways to Start. Management should hire a
human-factors professional from a supportorganization
to join the project teamwhen it is formed. This individual
should be empowered to prototype the initial VIdesign,
as well as to locate about10subjectswhomatchthe end­
user description. The subjectsshouldbe tested with the
prototype, or at least interviewed and steppedthrough
typical task scenarios withthe prototype.
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Obtaining Team·Member Input
Gathering information is critically important. It is

often timeconsuming-but can also be timesaving. Pro­
jectmanagersmustcontinually strive to improve infor­
mation flow and accessibility between information suppli­
ers and those whoneed it, especially VIdesigners.

Reviewing Supplier Input. If possible-and before
the designstage-project management needs to get the
customer, supplier, and project teamto verify and agree
on supplier inputand designassumptions. Starting
designwithout critical information or without agreement
on important assumptions mightappearto savetimeand
accelerate development. However, prematuredesign
worktypically results in faulty decision making and
unnecessary rework. Rework increases whena design is
based on erroneousinformation or invalid assumptions.
Rework alsodelays development andincreasescosts.

Before designing a VI, project teams need to
obtain specific information from several key sources:
- Marketing-This organization furnishes some

insightsaboutend-user characteristics, including
background, experience, motivational andcultural
elements, task familiarity, and end-user working envi­
ronment. It provides information on end-user and cus­
tomer needs, requests,and priorities. Marketing also
supplies strategicdirection, competitor information,
and informal observations aboutprevious product
releases.

- Systems Engineering-This grouptypically provides
a listofplanned features andfunctional details. It may
supply a project plan, priorities list,migration plan,
and an evolution planwhich specifies, forexample,
futureend-users and upgrades to futurereleases. Sys­
tems engineering alsoprovides a draftoftechnical
requirements and architecture constraints such as net­
workconfiguration, remotesystems, database size,
and numberofusers.

- Systems Development-To ensure designconsis­
tency, development engineersprovide information or
codefrom similar VIs. They alsofurnish hardware
constraints, as well as software constraints, such as
VIplatform capabilities.

- End-users and Operations Experts-Information
abouttasks to be computerized-as well as their
priority-are provided by these groups. Theycan fur­
nish task analyses and dataaboutjob-change trends.



Theycan reinforce marketing datawith information
aboutcompetitors' products and end-user perfor­
mance on previous releases. Theycan also provide
usability goalsand objectives.

Sometimes, information that should be provided
byother suppliers may not be available. If somematerial
cannotbe obtained, a written summary aboutthe miss­
inginformation should be developed anddistributed by
the UIdesigners to ensure common understanding and
agreementamong allproject teammembers. Otherwise,
too muchrework ofUIprototypes could take place based
on erroneousassumptions. Marketing, systemsengi­
neering, systems development, UIdesigners, andother
teammembers must review the written summary and
reachconsensus.

Likely Penalties for No Design Input. Designing
a UIwithout neededinputwill leadto muchrework.
Otherindividuals with relevant design information will
realize that the project teamis not aware ofimportant
constraints andwill insistthat the UIbe changedto
reflect those realities. Although a designermayfeel too
busyto obtain someneeded information and is making
progresswithout important input, the project may actu­
ally be jeopardized. In this case,the designershould be
readyto changedirection andbacktrack whenother
keyindividuals review the UIdesign workcompleted
up to this point.

Easy Ways to Start. Rather than beginning UI
designs on computer displays or hardware before having
neededinput, designers should firstobtain the informa­
tiondiscussed earlierin this section. If the information
cannotbe obtained, designers shoulddevelop a written
summary abouttheir assumptions on the missing infor­
mation and distribute the write-up to allother project
teammembersforfeedback.

Enumerating End-User Tasks
The task analysis approach developed in the

early 1950s is widely used by engineerstodayto analyze
human performance requirements ina workprocess.
Task analysis canyield detailed information aboutthe
typeand sequence ofinformation that a systemmustpro­
vide an end-user, and the typeofinformation or choices
that an end-user mustbe able to enter intoa system.
Engineers canuse task-analysis information from exist­
ingsystems or environments to construct morerealistic

scenarios fortestingUIdesigns. Human-factors engi­
neers highly recommend learning how to complete task
analysis andhowto build test scenarios.

Acomprehensive review ofthe history, defini­
tions, andmethodologies oftask analysis is available. 12 A
description oftask analysis, in the context ofcomputer­
to-human interface design, is also available. 13

Defining a Task. Atask is a set ofhuman actions
that contributes to a specific functional objective and ulti­
mately to the outputgoalofa system. 12 The sizeand
scopeoftasks maybe a rather subjective decision. How­
ever, engineers generally recommend that size and
scope be comparable among different taskswithin a sys­
tem.Atask should haveclearstartingandending points.
Engineers can define andobserve inputto andoutput
from the task. Inputandoutputshould have a significant
impact on attainment ofoverall objectives. An example
ofa task is reading an electronic mail message and
responding to it.This task is a clearly defined action, it
canbe observed, and its execution enables the system
to accept the dataentered.

Phases of Task Analysis. There are fourphases
oftask analysis fora typical system development project:
phase 1, systemdescription andanalysis; phase 2, task
description list; phase 3, descriptive datacollection;
phase 4, applications analysis.12

The principal purpose ofphase1 is to identify
a system's tasks andfunctional flow. This phasehelps
engineers understand howthe system functions to
achieve specific goals.

In phase2,tasks identified at phase1 are
sequenced for the entiresystem. Engineers showtasks
to end-users to validate eachone. Togetherwith end­
users, they also construct scenarios to ensure that a UI
will supportspecific tasks in the best possible way. Engi­
neers use scenarios as a design aid, as a way to check
their work, and as a method to suggestdesign improve­
ments. Scenarios describe eachtask in detail concerning,
for example, its criticality, activation frequency, error
potential, prerequisite end-user knowledge andtraining,
and its association with the relevant tasks.

In phases3 and4,engineers use task-analysis
information to test a UIprototype bya walk-through
usingtask scenarios. Theycanstepthroughtask sce­
narios, doing the taskwith the aidofa specific UIto
analyze the design.
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Following a systematic task-analysis procedure,
as discussed, will provide important benefits for a system
beingdesigned: reasonable task allocation among end­
users and system; elimination ofirrelevant tasks or steps;
andlogical sequencing oftasks that do not exceedend­
users' capabilities.

Likely Penalties for Skipping Task Analysis. Without
systematic attention, it is possible to overlook important
tasks, meaning that somekey capabilities could be left
out. In addition, project teamscouldfail to makecom­
monor critical tasks easyto do,or perhapsevenmake
them nearly impossible to do. Tasks maybe toocum­
bersomeand convoluted for efficient completion, they
may be error prone, or they maybe too difficult to learn
and remember. Tasks mayoverwhelm end-users with
so many options and possibilities that the capabilities
that end-users really need are difficult to access. Ulti­
mately, without task analysis, designteams may waste
timeandmoney developing capabilities that end-users
donot actually need.

Easy Ways to Start. Adesignteamfirstdevelops a
listofallthe tasks end-users will perform. Tasks are bro­
ken down intosub-tasks untilthe teamcan identify all
the information, choices, and actions a systemmustpro­
vide to an end-user. The list is reviewed by marketing, as
well as design teammembers, including end-users, to
ensureit is complete. Tasks not neededare deleted. If
sometasks lackimportant information, the teamcreates
a proposed task and adds it to the list. The designteam
then uses the task list to ensure the VIcanprovide the
necessary functionality.

The designteamalso develops a secondlistof
taskscenarios, containing only a few vital tasks that
account fora largeportion ofthe task domain. Arule of
thumb statesthat a task listcontaining 20percentof
tasks is done80percentofthe time. Task scenarios are
the critical, core set oftasks arrangedin the sequence
end-users complete them. This task set doesnot include
eachandevery requiredtask,but it does provide vital
sequence information forthe most important task set.

The designteamconfers with end-users, market­
ing, and operations expertsto verify the validity oftask
scenarios. Suchcrosscheckshelpthe teamdetermine
howwell a VIdesign supports the task sequencein each
scenario. The teamthen modifies the VIdesign, if
required, so that end-users cancomplete each task sce­
nario quickly, efficiently, without errors, and with as little
training as possible. If allend-user tasks are not straight-
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forward and easyto complete, the VI mustbe redesigned
to ensure that they are.

Conducting Competitive Analyses
Before designing a VI, a design teaminvesti­

gates and evaluates similar competitor offerings. Com­
petitive analysis allows designers to identify VI
difficulties in existing designs in orderto solve or avoid
such problems in their own future offerings. Designers
also identify weaknesses incompetitors' VIs thatmay
allow newproducts to "leapfrog" the competition.

QFD offers a framework that a project teamcan
use to relatecompetitive information to bothcustomer
needsand to product characteristics andfeatures. The
teamcan conductQFD to understand how competitors
are meeting customerneeds. Byusing QFD, a project
team may identify their own product's weaknesses, or
the teammaydiscover opportunities to improve where
the competition is weak.

Likely Penalties for Ignoring Competition. Without
conducting competitive analysis, designers could over­
lookidentifying usability improvements the industry is
implementing. Usability objectives thatmustbe met to
remain competitive maynotbe understood. Market
share could be lostdue to notrecognizing productweak­
nesses, important marketsegments, andcompetitor vul­
nerabilities. Muchmoney andtime could be spent devel­
oping VIsolutions that are commonplace or evenout­
dated. And without competitive analysis, there is a risk of
continuing in a lineofbusiness that should be abandoned.

Easy Ways to Start. Inconducting competitive
analysis, it is usually best to begin byhaving the VI
designeror project teamlearnto use allthe topcompeti­
tors' systems. Learning about the mostinnovative or best
systems in their classcould greatly helpindesigning and
developing a new, competing product. It is also highly
desirable to hire a QFD professional to helpthe project
teamconduct quality-function deployment costeffectively.

Prototyping a UI
The term prototYPing canhave several different

meanings, and engineers canprototype a VIin a number
ofdifferent ways. This section focuses onprototyping
tools and methods that do notrequire system develop­
ment. For this discussion, a VIprototype is assumed to
be onewithout full systemfunctionality.

Prototypes canbe working models or early rep­
resentations ofa system. For example, when prototyping
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UIscreensfor software systems, screen mock-up prints
or transparencies ofkey UIdisplays can serveas the ear­
liestsystemprototypes. Pencil and papersketchescan
also serveas preliminary prototypes. Prototypes can rep­
resent manydifferent typesofproducts and services.
Some examples include computer screens,mock-ups of
newly designed telephone sets, andaudio touch-tone
menusforvoice services.

Rapid Prototyping. Repeated cycles ofredesigning
andevaluating a prototype byend-users is known as
rapid prototyping. Rapid prototyping is iterative, with
each successive iteration incorporating moreend-users'

Figure 1. This illustration is an overview of rapid-prototyping
methodology. It shows how end-users, task scenarios, proto­
types, and project-team usability goals are used to evaluate
and redesign a prototype. A decision to retain or redesign a
UI prototype is made depending on end-users' needs and
final evaluation results.

needsand suggestions (seeFigure 1).To incorporate
end-user feedback, a design teamneedstools that allow
easyprototype changes. Otherwise, the costandcycle
timeofiterative prototyping become prohibitive, and
designers are less likely to incorporate feedback and
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makeneededchanges in VIprototype designs.
Byexamining a VIprototype, end-users see a

concrete representation ofa potential productor service.
Whenseeingan actual prototype, end-users can articulate
their needs more explicitly. Suchfeedback is more diffi­
cult to obtain without a prototype. VIprototypes are more
productive than abstractdiscussions in eliciting end-user
feedback. Mere discussions are less likely to provide as
muchdetail as does a prototype. Often, team members
(including end-users) with different backgrounds and
experience will agree on abstractfeature lists, only to find
out later-when the features are designedintoa system­
that they didnot really agree at all. Each teammember
tends to interpretabstractdescriptive wordsdifferently
and does not necessarily perceive the features in the same
way others do.Witha VIprototype closely resembling the
actual system, many ambiguities surface early, and the
teamclarifies them before productdevelopment begins.

Rapid prototyping has positive effects on the
quality-process goalsofshorteningcycle times, reducing
defects, improving customersatisfaction, and reducing
costs. VI prototypes allow collection ofend-user feedback
earlyin the development process. The designteamcan
identify defects earlier, and is more likely to correct them
before productrelease. Bycollecting feedback beforeVI
development, a project team can makechangesat lower
costandwith less likelihood ofextending designtime.
Customer satisfaction is likely to improve whena project
teammakesdesign changesbased on detailed VIproto­
typefeedback.

Prototyping Tools. In creatinga VImock-up­
whetherit is a graphical computer screen, audio touch­
tonemenu, or a piece ofhardware-a designteam uses
prototyping tools. The most useful ofthese toolsfor
designing VIs (asopposed to developing or building
VIs) allows high-resolution, quickprototyping. A VI
designercanassemble and updatea prototype with mini­
maltimeand effort. The VIappearsverysimilar to the
final product. Sometimes, such a prototype appears so
functionally complete that end-users do not realize it is
not the finished product. Depending on the prototyping
tools a designteam uses, software they havecreatedmay
be reusedfor later systemdevelopment, becoming part
ofthe systembeingdeveloped.

Updating Tools and Platforms. AVIdesigner
should investsometime near the end ofa usability engi­
neeringeffort to update platforms, tools, and prototype
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libraries (libraries are easily accessible collections of
elements, menus, andwindows ofpast prototypes). This
update shouldbe based onworkcompleted in the latest
designcycle. The timeinvested will accelerate prototyp­
ing efforts on the next project.

Likely Penalties for Not Prototyping. There are sev­
eral disadvantages to proceeding with VIdesign work
without prototyping. For example, a designercannotcon­
ducteffective usability testing-that is,gather datafrom
potential customersand end-users abouta VI-without
prototyping. Therefore, if no prototyping workis done, a
VIdesignerwill not havethe opportunity to obtain much
feedback untilafterthe productis built. And mostofthe
feedback obtained then will probably be negative.

Rework late in the development cycle is usually
far more costly than earlyidentification andfixes. There­
fore, designersare less likely to repairdefects, resulting
in lower levels ofcustomersatisfaction. Unless product­
development cycle timesare veryshort,VIinterface
problems resultingfrom skipped prototyping will proba­
blylingerfora longtime.

Easy Ways to Start. Adesignershould be ableto
develop a VIprototype with minimal effort afterobtain­
ing the propertoolsand learning the correctprocedure.
This shouldtake no more than a few days. If prototyping
workwill extendbeyond this, the timeinterval shouldbe
shortenedby obtaining easier-to-use tools, or a less elab­
orate prototype should be created.

For example, a designercould drawa sketch of
VIdisplay screens as a basicprototype. Or,more sophis­
ticated software toolscould be used, depending on hard­
wareand VIstyleconstraints. The object is to create a
prototype that looksand operatesas muchlikethe actual
systemas quickly as possible. This way, a designer
would not objectto startingoveror redesigning the pro­
totype if end-users or other teammemberssuggest radi­
calchangesfrom the initial concept.

After prototyping is completed, a designermust
realize that the toolsand techniques will need continuous
improvement. This helps to ensure that the samemistakes
will not be made, and that the prototyping can be com­
pleted fasterand moresmoothly on succeeding projects.

Using UI Standards and Style Guides
The easiestway to designand evaluate a VI

prototype-with a minimum investment oftimeand
money-is to emulate successful VIdesigns. Groups of
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Conduct competitive analysis

Setting usability objectives (goals)
Obtain/read/use style guides

Prototyping UI starts
Usability testing on prototype starts

Initial design review

Detailed design review

Alpha and beta
usability testing

Reid tests to identify
usability problems with
product procurement.

Installation, use,
maintenance,

upgrades, disposal

Sales, installation, support,
maintenance, upgrades,

"de-installation" and
migration

System
testing

VIprofessionals have identified and solved many design
problems, summarizing and publishing their findings in
VIstyle guides. Project teamsjust beginning VIproto­
typedesign can refer to the guidesto evaluate their own
workand to avoid rethinking issues that have already
been successfully addressed. Consulting the style guides
helpsavoid hiddenproblems in prototypes, which often
escape notice until aftera VIis produced.

Nothing hindersease ofuse morethan inconsis­
tency. After becoming accustomed to doing thingsone
way, end-users will be frustrated with a VIthat works in
unfamiliar ways. Byfollowing the VI design principles

Figure 2. The key techniques that usability engineers can

implement to ensure efficient UI design are shown in this
illustration of a UI development cycle. The milestones of UI
design-exploration, project funding, requirements,
software development, system testing, and deployment­

appear clockwise in the outer circle. Significant factors
affecting usefulness comprise the entire circle, and impor­
tant usability-engineering criteria complete the inner circle.
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discussed in the style guides, project teamscan capitalize
on the knowledge ofproven UI designs and achieve the
keyusability goalsofconsistency andease ofuse.

Penalties for Not Using the Guides. Designers not
usingthe UIstandards and styleguideswill probably
waste considerable time and effort redoing workthat has
already been completed and reportedon.Theywill not
be taking advantage ofthe expertise ofother designers,
nor will theyhavethe timeto considerallthe implications
ofa newdesign. They may evencreatenewUIproblems
without realizing it.Designers not consulting the guides
may also introduce inconsistencies into a newUI, evenif
their designapproach wassuperiorto anyother.

Easy Ways to Start. UIdesignersshouldobtain all
the relevant standards, read them,and consult them
often duringthe design process. Designers should also
use the guidesas review criteria, which is discussed fur­
ther in the following section.

Reviewing UI Design Work Iteratively
To minimize rework, the UIdesignerand project

manager shouldestablish a numberofquality milestones
duringthe design process (seeFigure2).The first mile­
stoneshould be a new-designs review or conceptual
review ofthe earliest UIideasand concepts. Anearly
review ensures that the basicUIdesign meetsend-user
andproject teamapproval before detailed design work
has progressed to detailed development.

Starting a Design Review. Project teamscanpro­
gress throughthree stages ofa design review. All three
stagesemphasize prototyping to obtain and incorporate
feedback, from both end-users and other project-team
members.

Initial Review. In the first stage,designers pro­
ducean initial or conceptual prototype. The firstUIqual­
itymilestone should occurwhendesigners showend­
users the key tasks,a rough outline ofthe generalUI
strategy, or generalUI characteristics. Designers then
get generalagreementon the initial prototype among all
project stakeholders.

AUIdesigner, with unique perspectives on end­
user needs, may be ableto suggestmoretargeteddesign
elements to replace the abstract, conceptual ideasofpro­
jectteammembers. This is particularly likely if the
designer practices rapid prototyping with minimal user­
model and task-model input. It is important to minimize
rework and defects in the final designbyachieving
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consensus among teammembers andend-users early in
the designprocess. Detailed design work should notbe
doneon earlyconceptual designs that fail to meetproject
teammembers' approval. The UIdesigner should
rework and review the initial design before beginning
detailed design work.

Detailed Review. During the second stage,
designers build as muchdetail as possible intothe proto­
type to model the actual UI. The prototype looks, and
appears to operate, just as a realsystemwould, but its
functionality is only simulated. The UIdetails are pre­
sent, so end-users can review them, try out typical sce­
narios, and imagine using the system. The UIdesigner
then incorporates end-user feedback, and reachescon­
sensuswith the end-users and project team.

This review is the second quality milestone. It
should occurwhendetailed design ofan approved con­
cept is nearing completion. Adetailed review will ensure
that controls, displays, and tasks are designed in such a
way that end-users will approve. Adetailed design review
is best doneusinga UIprototype that closely simulates
the product or service. Aprototype canbe used to
demonstrate a typical taskscenario.

Despite the timeand effort spentbyend-users
and the project teamin conducting detailed design
reviews, the earlycollection ofend-user and stakeholder
inputin the design processreducesusability defects and
morecostly rework later. Bymaking this effort, design­
ers minimize cycle-time intervals, costs, anddefects, and
increase end-user satisfaction with the UIdesign.

Teammembersshould reachconsensus on UI
design workbefore final design review. The final-design
reviewers can concentrate on last-minute details, rather
than on major designissues.

Asin the initial review, the detailed design­
review processshould include allstakeholders: paying
customers who makepurchasing decisions, graphic
artists, and other UIdesign specialists.

Final Agreement. In the third stage, designers
develop andwrite detailed specifications from the proto­
type designed earlier, incorporating information from
reviews. Designers provide these specifications to their
developers as a blueprint forbuilding the actual system.
Another way to document the agreement can also be
used. The prototype itself, on which everyone has signed
off, can serveas the actual agreement. This is possible if
the prototype tool cangenerateuseful software code.



Athird quality milestone is the final review. It
shouldoccurwhena VIdesignis completed and require­
ments or specifications are written, or anotherfinal
designdeliverable is completed. The purpose offinal
review is to reach consensusamong-project team mem­
bers, customers, and end-users. Otherwise, rework may
be necessary, or serious designflaws mayremain during
development and deployment. End-users and other team
memberscan provide final VIdetails and approval far in
advance ofdevelopment completion. Modification ofa VI
designduringdevelopment shouldbe minimized by
obtaining end-user inputthroughoutthe designphase.
However, a small number ofunanticipated development
issueswill arise. These issues shouldhavea relatively
minoreffect on the approved VIdesign.

Listening and Acting on Reviews. Listening to
sourcesofconstructive criticism is key to improving the
VIdesign. Implementing inputfrom end-users and other
project-team memberswill improve usability and will
helpavoid end-user dissatisfaction and complaints after
productrelease.

Incorporating feedback from reviewers' critique
ofan initial prototype can be a great timesaverin the
longrun. Bythinking aboutallaspectsofthe VI, review­
ers help designersavoid problems and rework. Design­
ers can use reviewers' feedback to improve usability on
presentand future projects.

Likely Penalties for Skipping Reviews. Unless a UI
designeris the onlyproject-team member, and the only
user ofa productor service, there will be others who
have differences ofopinion abouta VIdesign. Designers
need to build consensusfor effective teamwork, and con­
sensusbeginswithlistening. It is most important to lis­
ten carefully to differing opinions aboutan initial VI
design,otherwise:
- There will be a continuous stream ofcomplaints about

the UI.
- Adesignerwill not learn howto improve procedures

on the next project.
- Complaints mightbe serious enoughto causecus­

tomers to seek out competitive offerings.
- Adesignermayfind that no onewantsto cooperate to

build the systemor payfor it.
Listening to others review an initial prototype is

a must. Reviewers are doingmuchthinking for a
designer, helping to avoid costly problems and rework
lateron.Designersshouldbe grateful to receive such

goodsupport, and they should use reviewer feedback
to improve the VIdesign.

Easy Ways to Start. Prototyping work should be
planned in three stages. Eachstageemphasizes proto­
typing for the purpose ofobtaining andincorporating
feedback from end-users and other teammembers.

Duringthe first stage, a roughinitial or concep­
tualprototype is produced. General agreement on the
prototype is obtained before detailed design work
begins. It does not makesense to workon project details
whenthe initial prototype may notbe acceptable to end­
users or other key stakeholders.

After reachingconsensuson the generalVIcon­
cept, the designteaminjects as muchdetail as possible
intothe prototype to closely model the actual system. This
shouldbe completed within a few day'stime. The proto­
typeshouldappearand operate muchas the actual system
would. However, the prototype's functionality is only sim­
ulated; it is nothing morethan a VI that doesnot actually
operate, but that appears to be genuine. All ofthe details
are there for end-users to inspect. Theycan try out typical
user scenarios, andimagine usingthe system.

After reaching consensus on the details, the
designteamdocuments their agreement by developing
explicit written requirements fordevelopers to build the
actual system. Designers should solicit final-review feed­
backfrom the project teamto ensureconsensus has
been reached. Designers hope that developers will be
ableto build the systemwith little or no deviation from
this agreement.

Designers must be sure to focus on listening
whenshowing the prototype to others, rather than only
demonstrating it and askingforquestions. Agood VI
designeris alsoa goodlistenerwhobuilds consensus,
not a good debaterwhosedesignswin out overthe
objections ofothers.

It is typically not possible to holdgoodreviews
without following structuredreviews. This implies that
designersshouldenlisthelpfrom a trained moderator to
conduct the review meetings, recordallsuggestions and
comments notedin the review, andfocus on understand­
ing the comments rather than responding to them. Feed­
backshouldbe incorporated as muchas possible.

Conducting Usability Testing
Usability testing is the mosteffective meansof

assuringthat a VIis designed to meetend-users' needs.
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Table I. UI Evaluation Alternatives

Evaluation Criteria

Review EarlyUISketches
Review EarlyUIPrototype

BetaTest in Laboratory

BetaTest in Field

Impact on ill Design

High

High

Low
Low

Cost to Change
ill Design

VeryLow
Low

VeryHigh
VeryHigh

Similarity to Actual Product
(External Validity)

Limited
Fair

VeryGood

Excellent

Although usability canbe enhanced bya numberof
other typesofanalyses, usability canbe measured only
bytesting. Testingcanbe performed in a numberof
ways, which differ in reliability, cost,andtimeintervals
(seeTable I).

Usability-testing methods also differ in their
points ofoccurrence. Some testingoccurstoo lateto
affect the designofa particular release. Only later
releasescould be modified, based on the dataobtained
throughusability testing. Alpha and beta pre-releases
canprovide feedback before a final release, thereby
allowing somechanges. An alpha release is an early ver­
sion ofa product or service andhas limited functionality.
Abeta release may lackthe full functionality ofa final
release, but has sufficient functionality for it to be used
bycustomers in their own environment.

UIdesigners can constructprototypes to allow
usability testingmuchearlierin the design processthan
would otherwise be possible. Feedback from end-users
canbe collected earlyin the design processby usingUI
prototypes, to allow end-users to influence redesign. UI
prototypes elicit morefeedback from end-users early in
the design phase. This encourages incorporating end­
user feedback into the design, resulting in increased
usability. This processalso helpsto minimize defects,
reducecosts, and improve cycle-time intervals. Avoiding
later redesign can offset the costofprototyping and
usability testing. Even if prototypes are notconstructed,
typical end-users could participate in reviews early in the
design process.

Usability-testing methodsdiffer incost,and in
the methods offixing defects identified through testing.
The earlierthat usability testingfeedback is collected,
the less costly it is to modify the product or service
basedon the feedback.

Costsinclude those ofredesign and develop­
ment, increases in cycle times, and lostrevenues when
the releases are delayed due to redesign and other
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schedule delays. Feedback collected during design
reviews andfrom early systemprototypes leadsto
changesthat are less costly to implement thanchanges
basedon later alpha or betafeedback. .Likewise, changes
basedon alpha andbetafeedback will be lesscostly to
implement than waiting to complete last-minute testing
ofa final releasebefore making changes.

It takesunder a weekforan experienced UI
designerwith the right tools to construct a UIprototype,
to include end-users in design reviews, or to conduct
informal prototype reviews. If it takesmuchlongerthan
this, rapid prototyping is notbeingcompleted, andfeed­
backis notbeingincorporated into a design often
enough. Designers should be willing to start overwhen­
everfeedback suggeststryinga different approach. In
general, formal usability testingin a laboratory costsonly
a month'sworth oftime, as compared with development
costsor the cost offixing defects in a final release, which
caneasily amount to the costofmultiple head count.

Whenchangesto a product or service are costly
to make, theyare often deferred or neverimplemented.
Adesign teammightidentify a usability defect, but the
defect may be leftalone because it wasdiscovered too
lateand is now tooexpensive to fix. If the defect was
identified earlierin the design cycle, the cost to fix it
would havebeen muchlower and it mostlikely would
have been removed. Therefore, early usability testingis
moreeffective than latertestingbecause defects are
morelikely to be eliminated through redesign.

Usability testingmethods differ in the reliability
and scope ofthe feedback theyprovide. Participation in
earlydesignreviews sometimes gives end-users so little
information abouta final releasethat their participation
cannotbe called usability testing. Latertestinggives
end-users something muchcloserto an actual product or
service. Notonly is later testingmorereliable; it also
allows earlierinvestigation ofsomequestions. Abeta or
final releasecanbe used in an end-user environment to



perform actual tasks. Early, nonfunctional UIprototypes
typically cannotbe used becausethey are onlysimula­
tions, which lackthe functionality ofa final release.

Alternate typesofusability testingare not mutu­
ally exclusive. Asstated previously, earlyusability testing
has manyadvantages and is the mostcost effective. Later
usability testingis more realistic, permitting a widervari­
etyofquestions. Different usability testing methodscan
be used to complement one another, rather than relying
on a singlemethodto deliver allthe feedback.

Alpha and Beta Release Testing. UIprototypes are
less costly to construct-and canbe developed much
earlierin the designprocess-when compared with
alpha and beta releases. Therefore, prototype usability
testingcan be doneearlierand at less cost than testing
alpha andbeta releases. However, alphaand beta
releases havemore than just UIfunctionality. Theyhave
somesystemfunctionality that, in several ways, more
closely approximates the finished product.

Alpha releasesfacilitate intermediate testing,
which includes some (butnot all) end-user tasks. Beta
releasesallow testingin the end-user environment with
actual tasks. Earlyprototype testingonly allows simple
simulations or demonstrations that lackfull realism. For
this reason, testingwithan alphaversion-and especially
with a beta release-is veryvaluable in providing user
feedback beforefinal release. Unfortunately, onlyminor
productor service modifications are possible duringbeta
testing. Many defects can only be fixed in the next
release, if there is one.However, documentation and
training can be modified to help resolve someofthe
issues raisedduringbeta testingthat could notbe fixed
by the project team in the final release.

Early Usability Testing. Aspreviously mentioned,
fixing a UIproblem earlyin the designprocess is sub­
stantially less expensive than doingso late in the product
development cycle. Human-factors professionals univer­
sally recommend earlyusability testingwith
prototypes-and promptattention to suggesteddesign
improvements-as the best investments a UIdesign
teamcan maketo ensure ease ofuse.

Starting Usability Testing. The simplest form of
usability testing is to interview end-users as they are
reviewing a prototype. The processinvolves designers
listening to end-user comments and suggestions and
writing them alldown, even if somecomments seem
irrelevant. Designers cangrade themselves as usability
engineersbywhatpercentage ofcomments they

incorporate intoa design, with over90% beingexcellent,
over80% good, over70% fair, andless than 70% needing
improvement.

Designers mayfind it helpful to take a cam­
corderwiththem when interviewing end-users, record­
ing end-users' comments and reactions abouta proto­
type. Designers canvideotape end-users manipulating
the prototype, and ask them to think out loudwhile try­
ing to perform task scenarios. Designers can notewhen
errors are made, indicating the need to redesignthe UI.
Videotape ofthe interview provides a visual reminderof
anydifficulties that the project team needs to address.

Designers must constantly remind themselves of
their primary mission duringan interview: to concentrate
on collecting end-user feedback, ideas, frustrations, com­
ments,and points ofview. End-users are a designer's
customers. The moreattentive designers are to end­
users' needs, the more successful designers will be in
developing an effective UI.

Project Management Support
Project managers must provide the appropriate

supportto ensure effective usability engineering. They
mustverify that teammembersare following UIstan­
dards,and assignUIdesignresponsibilities to individu­
alswhoare appropriately qualified andnotoccupied with
other tasks.

Project managers conduct audits to obtain outside
opinions aboutUIdesignand testingactivities. Theymay
commission an outside organization, experienced in usa­
bility engineering audits, to review design and testingpro­
cesses, as well as the UI designitself. Project managers
typically ask usability experts to review compliance with
UIstandards, designguidelines, checklists, gooddesign
practices, and internal!external Ul-standards consistency.

Projectmanagers must ensure that usability
engineersworkclosely with software developers in meet­
ingend-users' needs.Managers need to provide-and
assure the availability of-the toolstheir project teams
need to supporteffective UI designand testing. These
tools include video equipment, laboratory space, cus­
tomizable questionnaires, sample usability testingplans,
detailed end-user scenarios forusability-testing scripts,
and appropriate supportdocumentation.

Benefits of Project-Management Support. Project­
management supportofusability engineering affords
several important benefits. It re-focuses designteams
away from debating usability issuesamong themselves
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and toward obtaining end-user feedback aboutVIneeds
and desires.

Project-management supporthelps to avoid
scheduling and budgetdifficulties by encouraging design
teamsto complete VIreworkearlyin the development
process. It ensures that designteamsfocus their atten­
tionon VIdesignand usability engineering, and that
they identify productfeaturesthey can eliminate without
reducing end-user satisfaction.

Project-management supportencourages desi~n

teamsto follow established VIstandardsandgood design
practices, and also reinforces the need to address end-user
complaints aboutthe suitability ofproductperformance.

Support from project management can reduce
the extentofpre-sale and post-sale productsupportand
the necessity forcustomerhelp lines. Through effective
design-team management, projectmanagerscan also
minimize productreturns and order cancellations due to
end-user frustration with a VI.

Conclusion
The 10ways to improve usability engineering

discussed in this paperare guidelines; not so specific
that they canbe applied in a step-by-step fashion. Design­
ers must think creatively abouthowto apply them.

VIdesignprofessionals agree on the fundamen­
tal importance ofthese 10techniques, but they maydis­
agree on the extent and exactmethodofapplying them.
The natureofa project normally determines the applica­
tionmethod. For example, task analysis on a well­
defined, matureapplication, such as referringtrouble
ticketsto specific workcenters, can be far more defined
andcomplete than identifying task scenarios for a
future-services software platform.

In both cases, VIprofessionals would agree that
usingspecific task scenarios to evaluate VIdesignsis
important. Butdesignerscould complete the well-defined
task analysis for the trouble-ticket application far more
easily and comprehensively than a task analysis for the
future-services platform. How well, and to whatextent,a
designercan apply each ofthe 10techniques often
depends on experience, creativity, and effort level.

For anyVI designer, engineer, or project team,
investing in a proven VIdesignand testingprocesswill
paydividends in shorter cycle times, fewer user-defined
defects, lowerdevelopment costs and-most important­
significantly improved customersatisfaction.
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