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praduct usability, usability evaluation methods: personal comniunicators

Simon {TM-BeilScuth Corp.) is a commercially available personal commumicator (P0),
combiming faztures of a PDA {personal digieal agsistant) with a full sure of socmmumications
features. This paper describes the involveresn of human factors engineermg in the
devaiopment of Simon, and summarizes the various appreacnes o usabilicy evaluation
employed durmg s davelopment. Simen has recetved a cemnsidersble amount of prasse Som
the industry and won sgveral industry awards, with recognirion beth for 1ts snnovative
engueenng and He usabiliy.

INTRODUCTION

The Simon is a celiular telephons, designed with a 36 x 115 e touch screem (CCA resolution) replacing
the standarg telepbone key area. Research in the usability of cellular telephones (Tsoi, 1993) has shown
that mamy of the problems peopie have using celfular telephones are the result of inflexibie control labeling
and limstad feedback. Replacing the standard key/display area wrth a tauch screen aliowed the Simen
developers to create a simpler user interface for ceilular relephons tasks. It also atlowed the development of
a suite of applications m addition to the cellular telephone, inciuding an appointment calendar, an address
book, a te-do list, a world clock, a nots pad, a skeich pad, sending and receiving elestronic mail, sending
and receiving faxes, reception of pages, file management, a calculator, access to systom settmngs, and
FRCUTRY,

My first contact with the Simon development group came s a request to answer an apparsntly simpls
question; How small can a touch screen butten be, and still be usable? Fortunately, [ had just cornpletsd a
literatizrs review covering the resuits of human factors studies of touch screens from 1980 to 1992 (Lewis,
1892}, so I was abie to convay to Simon deveiopment that tho answer to this simple question was actuzlly
somewnat complex and depended on the touch selection strategy (Sears and Schneiderman, 1989). From
this start, [ spent the next two years 2s 2 part of the Simen team, conductmg studies and providing usability
guidance. The approaches 1o usability engmeenng and assessment applied during Simon development
lustraze the broad spectrum of medem usability methods, and the resulting product dernonstrates the
effectiveness of these modem methods. The descriptions appear in rough order of occurrence, but the
activities overiapped considerabiy.
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APPROACHES TO USABILITY ENGINEERING AND ASSESSMENT IN THE
TEVELOPMENT OF SIMON

Foeus Groups

After prelimmary design work, an independent agency conducted ssveral focus groups with differert types
of celiular taleshone and commuter users to heip define the appropriate goals for the product.

Daily Desivn Meetinoa

Before writmg any significant amount of cods, the software team {mcluding 2 human factors engineer and
graphic designer) worked out more specific details about how to achieve the design goals, These meetmes
lasted for several hours every moming over a pariod of several momths. After each meeting, the ndividus
destgners warked on their assignments, which typicaily involved detaded functional and task analyses,
Ouring the mestings, the dasigners presated their analyses and the rest of the team propossd scananos for
testing the task flows. Datermumatian of problems with task flows in these mestings led to addiional
refinement of task analyses, which fed to refinemanm of design concepts.

Literature Reviews

Literature reviews of human factors studies of touch sereens (Lawiz, 1992) and celiular telephone usability
provided early, valuable guidance o Simon development. It is often tempting to skip the tedium nherent it
2 literature revigw, but keep 1o Tund that 1t would be foolish to spend thres months in the laboratory to
obtain mfermation available with an nvestment of three hours in a library.

Fxpert Evaluations of Competitive Progucty

Ustng an approach similar to Nielsen's {1992) heurisoc svaluations, 1 conducted several expert evaluations
of competttive products, both defining the saquence of steps required to perform key tasks and making note
of probable problem aress. These evaluations revealed cppormunities for impreved design in such divarse
areas as battery instailation and removal, display contrast adjustment, key definition as 2 function of mode,
satting calendar zlarms, effective setting and removal of repeating meetings, and clear procedures for
setting passwords and locking unite, )

Development of Teat Scenarios

Conswdering the focus groups, daily design mestmes, and expert cvaluations of competitive products, the
team deveioped an initial set of 38 test scenarios. By the end of iterative testing, thers were 54 scenarios.
As suggested by Lewns, Hanry, and Mack (1580}, some scenarios focused on tasks within a single
application. while others evaluated work that crossed application boundaries. We used the scenanios for
both gathenng comperttive performance and satisfaction benchmarks and for sterative problem discovery
studies with development-level versions of Simen.

Competiive {sability Benehmarking

One application of the test scenanios was the determunation of competitive usability benchmarks for both
user performance {scenarto conpletion times and success Tates) and sanisfacucn. We used the After-
Scenano (Questionnaire (ASQ) to assess user satisfaction following each scenano, and the Post-Study
System Usabulity Questionnaire (P8SUC)) to assess more global usability sausfaction followmng the
completicn of all scenzrios (Lewis, 1995a). Figure | shows the PSSUQ beanchmarks established during the
competitive usability benchmarking, We collectad data from thres products regarded as the most likety
competstors of Simon. Analysis of the problems discovered during these evaiuations provided additional
opportunsues for improved design in Simon.
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Tterative Usability Studies

Wa conductad three faizly extensive problem discovery stuclies at different stages during Sirmon
davelopment (early 1992 prototyps, firs: dorign with reasonably comorehensive function, aad the design
irnmnedinisly proceding the final design),  Qur philosopliy for these studies was that meayurement of
seemario porfurmancs and profersnce variables wers irporzant, bui that problem discovery was more
importam. As lmg 53 you have compaitive benchmarks, scenario measurenas give you an idea abow
whers you are relative 10 your compatition, but provids no real guidancs sbouz what 10 do when your
product fails to measure up. Analvsis of usability probisina, on the sther baod, provides strong guidancs
for product redssign. We used the methods described in Lewia (19945) to datermine appropriate sample
sizos for these stuchies. As s consatuence of this procezs of tsrative problem idemmification and desipn
improvement, each teration showed sigmificant twproverrent o both usst performance and sansfactin,
Figure ! shows the PSSUD scale ratings for ths final ieration {showing means and 95% confidence
intervais), vith the commpetitive PESUQ benctunarks for reforence. (A lower PSSUQ score is better than a
higher one.) As Figure | shows, Simon significantly excesdad its benchimarks for all PSSUQ scales.

1ton Aysessvoent

Mozt icoms that appear on Simon include o deseriptive labal. There are four icosy, however, that appear on
avery Simon scresn, Bétawse these loons appear on svery seresn, we had a design goal to provide smail
icons thee ic n<q require labels (conserving valuable screen space). Wa assassed these jcons using a
Vattaty of foon assessment methods moludmg 3 mmching and confidenca task, icon produstion task, and a
sexnunmns differsrial (Leowis, 1988: Lin, 1992). Ths cutcoms of the sindy mdicatad 2 oreblem with
recogrition of the icon represeaiing accsss 70 the non-phone office touls, and lod to re-rapressmation of the
fumction with 2 focus on i3 aeeess 1o 2 mobile office.

Language Guidelines and Automated Resdability Maasures

An often negloctad ares of usabiiity design and evaluasion is that of Imyneage.  Even modem, othervise
usable, systems ofien curtain cormlicatsd tarms for which thers sre much more common namss, Dn-line
ressagss and other domubarancn COMAR ORMeTONS sailencas 1o the passive voics thet it would be aasy to
recast in active voica, These vonsiderations rmight seem trivial, except that psycholmpuiaic reseavch has
shown thas {1) Feauency of scourtence of 8 word i s laguage significansly affects the speed of human
lexical access (Porster, 1990} and (2} it 1z harder to extract meaning from 4 passive seafence relsthve i s
active counterpart {Sailay, 1989), To promote clarty aud comsisiency in terminoiogy, | provided the
Simon developers with a 2 of language guidstmes, and deratively reviewsd mossages and documeritation
against the guidalines, Oy source book for determining the best word to use when considering several
syncaiyms was Lhe Living Word Vocabulary (Dale and C'Rourks, 1981). 1 alzo selectod random text
sanples from competitors’ dosmuants and davelopsd sompetitve readability benchmarks for 1o
cloudiness {» measure Hased on the number of spetifically identified abstract words and passivized verbs in
a passage divided by the numbar of words in the passage). Az the end of Simon develvpment,
measurEnets taken from a random sample of texts Srom Simon's docurmestation showsd that the Simoen
texts had a significantly lower (ower is Getter) texs cloudiness than any of s comnpetitors, Furthermore,
using data collectsd during compstitive nsability banchmarking and iterative usability studies, Simon had a
significantly better PSSUQ Information Quality wating {Lewis, 1995b) then any of its competriors,

Statiatical Modeling

Bocauso Simon had & relativaly small display ares, it was nacsssary to provide some shvple statistical
rrodeiing for the size of calendar entries {Lewis, 1993a} and nams lengths (Lowis, 19930) to provide
Ewidarss 10 the calendar aod address book developsts. The caiendar sntry research indigsted thar: {13
Tangers use compater calendars miore than non-managers, {2} mansgers have more sntriss pex day than
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calendar-usmyg nonmanagers, and {3} for usar-generated entries, the 95th percentile Yor the number of
characters in an entry wag 253, ‘The name length research showed that the mean name kngth in the United
Stutes was abowt 14 cheracters, and that s touch-screen button that could show 26 chatactars would show
a person's complets name 99.2% of the Gmne (in the United States).

Deai Experiments

On occasion, it was necessary to conduct designed experiments to answer questions that arose during
development, One such expenmen (Lawis, 1994a) explored differsnt soreen destgns for setting dates and
umes. Although such settmgs seem straiphtforward, users have conflicting direction stevectypes that
appear to préciude the use of arrows alona for sstmg times and dates.  Two other skpenments (Lewas,
Allard, and Hudson, 1994; Lewis, 19954) svaluated differemt aspects of Simon's predictive keyboard. A
predictive keybosrd is an on-screen keyboard that cantains fewer builons than a standard keyhoard, and
uses lingusstic probabilities to predict whick letters a vser will mos: likely want to type next. These most-
likely letters appear in the keyboard’s buttons. Lewns, Allzrd, and Hutdsen (1994) studied the effects of
different word populations, number of displayed letters, and number of tnigraph tables ca the likelihood that
the desired next letter would appear on the prediciive keyboard. Lewis (1995a) studied input rates and user
preferance for the three Simon data input metheds (tapping on a small on-screen standard keyboard,
tappmg on the pradictive keyboard, and handwriting on the sketch pad). The resulis showed that the most
effertive and preferred luput methed was tapping on the siandard keyboard. In sonducting thesg
experinents, the experimental designs described @ Lowns (1993¢) were quite useful.
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Figure 1. PSSUG scale scores for Simon and competition

INDUSTRY RECOGNTEIGN

One indication of the succass of Simen’s design is that 1t wen the Best of Show award at Comdex ‘93, won
an Award of Distinetion in the 1994 BYTE awards (BYTE, January 1995), and was a Grand Award
winner in the 7th Annuai Best of What's New awards {Popular Science, December, 1994). The following
quotattons from reviews of Simon in trade joumnals also reflect the success of the usability effort,

“It iooks and feels like a product you already know how to use, rather than a new religion you must
immerse yourself in.” (0'Malley, 1994)

“T haps that Simen is the first i a long ssries of personal commumications tools, but sven as a first
Beneration product, Simon is a joy to uss.” {Nalson, 1995)
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“Simon is not the first personal communicator product I've daroed, but it is by far the most
comprehensive, woll-demigned, and easisst 1o usa.” {Carter-Lemos, 1994)

DISCUSSION

This paper has descyibed the broad range of usability evaluation methods applied to the development of
Simen. The industry recognition for Simon stands as evidence for the success of the applicanon of moderm
usability evaluation methods in this case. The breadth of methods aiso suggests that professional usability
pracitioners need to bs fuert with a wids array of usability teciiniques because differeet developmet
situations demand the appiication of differant usability methods. Some of these methods coms from
tradstronal experimental psvchology (staustical moasling, designed expenments, lilerature reviews), andd
others are mora recent techmques (heuristte evaluations, competitive usabilicy benchmarking, seanario-
based usabiiny problem discovery studies). All of these techmiques have potermal application i product
development, and deserve a place m the toolbox of the professional usability pracutioner.
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