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INTRODUCTION

Over the last five years, our group has been devel oping ways of supporting the document work of
mobile professionals. At the outset of our research, we knew little about the work practices of mobile
professionals, in particular, we knew little about their document activities. We also knew little about
how to study the document activities of this mobile group. In trying to gain this understanding, we
carried out a number of studies and designed many scenarios. As we began to develop prototype
systems, we also designed scenarios to illustrate how our prototypes would affect the way people
carried out their document activities. Asour prototypes matured, we carried our more extensive user
trials of our systems. This paper describes the various studies and trials used during our research and
development activities. Theam isto illustrate the range of methods we used, not to describe the
results of studies and trialsin any detail. We will, however, provide afew results to illustrate the
contribution of each method.

Each & our protoypes was called* Sathel”, and one bour laest protoypes is described invb recent
papers (lamming et al., somitted for publication; Fynn et al., shmitted for publicathn). Satchel
supportanobile document work by providingstreamlined access teemote docunentsand document
services.The user carries arourdvireless mobile cevice and access documents and services
provided out on the nebrk. To the user, it sews as though they af carying around” their
electronic docments in their mobile device, though this device only stogBrences to remote
documents. On th mobile device, tk user carselect documengeferencesand invokevarious servies
including printng, faxing, emailing, s@anning, and exclanging docurents with ather users.The
mobile device ommunicates to other devicesde printersfax machines, or othranobile devices)
using either infra-red or radiccommunications.

The pagr is divided nto two major sections.The first sectim describegeneral stdies d mobile
document activities. The am of these $udieswas to @in an undersinding ofthe range of document
activities carried out ¥ mobile prdessonalsand to gather suppofbr some d our eary ideas about
related problemsThe second section describes a set dfstdarried out uag Sathel technology.
The ain of these triak was to gaher inpu for the iteratve desgn of our Sathel protoypes.

GENERAL STUDIESOF M OBILE DOCUMENT ACTIVITIES

The following methodswere used totady mobile document actvities in general. They provided us
with useful data to suppontnany of our initial thoughts about pradshs in mobile documenwork.
Although not aways figorous,they gaveus valuable backgiound knowledge dout the range of
document activities carried odtty mobile professiona. Some ofhese sudies fa@us onmobile
documentwork while travelling outside d the oganisation; othersfocus an document work carried ait
while moving aroundwithin ore’s own building.

Studying Document Use in M eetings

Meetings are a pervasive pafttbe lfe d mobile prdessiorals, ard many d theg meetings occur

within the person’®wn building. Our earligsstudy was carried out as a student project in the summer
of 1994 The meetings d agroup o sdtware auditors diring a ae-month periad were obsared The
meetng participard were intervewed before th meetngs abouthe docunents they tookwith them,

and during te meetings, notewere taken omvhich documentswere used.
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Although only qualitative results were obtained from this study, several interesting observations were
made. For eample, the closethe meeting to the person’s office, #more will ing they were to carry
paper docments. In addition, people do not have required dwots with them for a varigy of
reasonsncludng: a unwill ingress to takdulky documentgustin casehey’re required;
unanticipated requés from others dung the meetng; or relying, smetimes quite opmisticaly, on
someone else at émeeting bringing the document. Wiere interested isome of these issues; in
particula we were interested in reding the needor people to cayraround havy briefcase full of
paper We decided to foller up on these resultdy creaing a questinnaire to gther more quantitative
data.

M obile Professional Survey

Following on from the study of meetings, we distrituted a sort questiomaire survey to 197 Xerox
managers hn October § 1994 It included qiestions abat frequency of meetings (boh within and
outside d the kuilding), numbers d paper docments carried ad frequency of paper doament
exchanges. It also asked peeplhether tiey preferred to exchange paper or electronic aaeisand
why. Another purpose é this survey was to idetify peoplefor future sudieswho were particlarly
mobile and who frequently used ad exchanged docunents.

The datafrom 96 retirned questiomaireswere usdil in providing some prelminary information. For
example, althoughmore respondents said they faeed to exchange eleatric documents (59% vs.
21%), thee were clear reasarior peope preferring paper (e.g., easier to annotate, easier @arevi
with othes, easier to read). We #hielt it wasimportant to ty to make exchangng electronic
documents as &y as exchanging papemwhile providing easyvays to tranform electronic documents
into paper aes. We alsdound that 83% & the respadents said hat they found themseleswithout a
needed doauent at last once peweek and neany one-third of these said this occudenore than five
times pe week. This corfirmed aur belid that, despite caying around many paper docments, people
still fail to have theonesthey require.

One-on-One I nterviews

From Febuary to Jly of 1995we carried at individual inteviews with 11 “mobile document
workers who had been identified via the saywesults. The purpose of these inteewis was to
identify some spediic examplesof problemns with mobile documentwork, partly to provide input to
our eary scenarios, and paytto get a better understandinigtbose problms. We also hoped to
idenify peopk who would bewilling to be shamved inamore extenise gudy at a later date.

For example, one intengwee reported thavhile travelling abroad in Milan, hwasaskedby her
mareger forthe most reent morthly report, quite a long docwent includng many activity logsand
salesfigures After many repeated agtmpts to pull the electronic documenrito her PC fronher lome
office network, ste gaveup. After this trip, she decided to creatsiai-version of this report and
carly it around in paper fon. Stories sch as this atbwed us to refin@ur scenarie with real
examples; hey also preidedus with concrete eamples d the sorts bproblems we were interestechi

Shadowing a M obile Professional

Althoughthe inteviews had provided siwith usefulinformation, we felt we needed ame first-hand
knowledge about th sorts of adwities carried otiwhile trawvelling, and the range of documen
encowntered. At the end of July of 1995, me mobile prdessimal who had bea inteviewed areed to
be shadwedwhile traveling overses to attendwo meeingsin the Pars metropolitan area (see, for
comparion, Vaananen-Vainid/attilo & Ruuska, 1998)He was shadwed inmany different

contexs. while preparing fothe meetngsthe day before lis trip, while travelling toand from Paris
(by airplaneand taxi), andwvhile collaboratingn formal and informal meetngs. Duing the
observations, all dfis document actvities were logged, and preparations andetngswere video and
audio recored.

In these wo days, he encountered 74 dogments, 68 paperral si electranic. About half were
collected durindnis travels (e.qg.,axi receipts, docments from otherstameetings, rewspapers).The
other h#f were talen with himon his trip. These intuded docmentstha were esentia for the
meetings (e.g., his presentatiorgme thd were talen just in case &y were required (e.g., older
reports), and suoe tha were talen mostly out of habit (e.g.emails detailng plars for the medings).
Of these, oly abaut half were aatially used, addig evidence to ar belid that many doauments are
carried unneessarily. We also noted that, aftés presentation at the firmeeting,he threv out his
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dides, only to find he wanted to refer to them at his second meeting. Once again, more good examples
for scenarios, and evidence of the wide range of document activities carried out while on the move.

Studying Document Usein Hallways

Our earlier studies tended to focus around document use and meetings. Although meetings were of
interest to us, since they involve local mobility, we were interesting in understanding what other
reasons people might have for carrying around paper documents. In January of 1995 we carried out a
study in the hallways of the Xerox headquarters office in the U.K. We positioned ourselves near coffee
machines and in other well-travelled corridors and stopped 68 people who were carrying documents.
We asked them a few questions about the reasons for their trip and also about why they were carrying
documents.

Unsurprisingly, many reasons for carrying paper centred around using them at meetings. For example,
26 people carried the documents to refer to during conversations or meetings; 11 reported that the focus
of their discussion was the document itself. Other reasons, though, were more surprising. For example,
eight people said that they were carrying paper either because it was urgent or that they wanted to be
convinced that the document had been delivered; they did not trust sending these documents
electronically. Thiswish to be able to both ensure and confirm the delivery of important documents
was immediately built into our scenarios. We also built feedback and security mechanisms into our
prototypes partly as aresult of thisfinding.

Diary Studies of the use of Paper versus Electr onic Documents

Several diary studies have been carried out by people within our lab over the last few years. Although
they were carried out primarily by other groups, one of us (Eldridge) was involved, partially to collect
information relevant to our interestsin mobile working. The most extensive diary study was carried
out on 25 workers at the International Monetary Fund (IMF) in May of 1995. In this study, workers
kept daily logs of their activities for one week, recording in particular their use of both paper and
electronic documents.

Many of the results from this study are reported in Sellen and Harper (1997). Of particular interest for
our project was the finding that electronic documents were only rarely used in face-to-face
collaborative work, while paper documents were used in the mgjority of these encounters. The
importance of paper in such mobile, collaborative settings yields yet more evidence for providing easy
access to document services that can easily convert documents from electronic to paper form. Of
interest, too, was the finding that many economists in the IMF wanted to deliver important documents
personally as paper documents; once again pointing to the importance of confirming document delivery
(see Sellen & Harper, 1997).

The IMF also played arole in our scenario development. Many detailed examples of the work of the
economists, both from our study and earlier ones by Richard Harper (1998) helped us to further refine
our scenarios. In afollow up meeting, we described Satchel to them and presented them with scenarios
based specifically on some of their document activities. Having scenarios of such relevance to their
work helped us eval uate some aspects of our design without going to the expense of running an actual
user trial.

TRIALSUSING SATCHEL TECHNOLOGY

The studies carried out above occurred in parallel with prototyping activities within our group (see
Flynn et a., for descriptions of these early prototypes). Asabrief history, the first prototype, based on
the Xerox PARCTab (Want et al., 1995), was implemented in 1993, before any of the above studies
were carried outThiswasvery mucha“prod of concept” protofpe. Starting in 1994ye
implemented Sahel onoff-the-shelf Apple Newtons mainly beause the PARTab required a local
infrastru¢ure andwas not commercidy avdlable. At this sige in our prottyping actvities we
wanted evidence to support our gadeas, and in the sumer o 1994 we started tl series 6 studies
described above.

By 1996 we were reay to start testig the Satbel tecnology itself, primarily becaise we felt aur
technobgy was realy for commercial exploitaton. We carried out a series of trials of Satchel, starting
with a vey small-s@le in-house trirusing ®mewhat inappropriate subjects, and endivith a large-
scale trihwith salespeople at axternalcusiomer site. These trials are summarised dyel
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Small-Scale Internal Trials

The first tests of the Satchel system were runin 1996 using the Apple Newton as the maobile device; it
communicated viainfra-red to other Newtons that were logically connected to various devices around
the lab to enable access to local services. We started by running atrial in August of 1996 using
ourselves as subjects, not typical mobile professionals by any means. Although thisfirst trial was brief
(only about two weeks) and half-hearted (only two of usreally used the system!), it enabled us to
unearth a number of system bugs, design flaws, installation problems and also problems with the trial
method itself.

The second trial started in October of 1996 and ran for about three weeks; six colleaguesin our own lab
were used as subject¥hese people, tgavere not‘mobile prdessionals” ad we theréore devised a
number of gme rules to force #m to use th sysem. For example, peopt were not abbwed toemail
documents to one another, theyereforced to*beam” them from Newton to Newton using infr-red.
Once againmany issuesvere raised (a totafd.12), most d whichwere concerrewith the
functionality of the systm. For example, lack d feedback (particulaylaudio) during ifira-red
transmissions proved prolohatic; many additionafeatureswvere desired (e.g., the abifito “beam”
presentations diregtito a screen)and many provided features, designed to atnéine the interaction,
were found to be cdiusing (e.g., onstep “beaning”). These resultaere fed into the designfdhe
next prototype ystem. One surprising result was hat supporting these six usersduring the trial
required meoh more effort tharwe hadanticipated. Thiswas a partiulary valuable lessn for our
future trials.

Paper-and-Pencil Walkthroughs

By the end ©1996 we were reag to run a larg-scale intenal trial. This necessasilrequired us to
consider othemobile devicessince tle Apple Nevton did not have conveniemide-area nework
communications ad we wanted people to dable touse Sathel easiy outside 6 their local huildings.
The Nokia 9000 Gmmunicato was row available; it provided local aaevireless ommunicatbnsvia
infrared anl wide-area wireless via GSM. It also had built PDA functions.

Re-designing tke user inteface for the Nokia 9000 requiredany changes. In thnew time presswes

of a rapidlyemerging develoment projectwe neededeedbaclon ideas quickl ard without waiting
for a reimplementationon the Nokia 9000 Two of our colleaguesvho had participated in the earlier
trial of Sathel were walked trough a serie®f tasks using a papefand-pencil prototype d the new
design of the NoktSathd user interface. Ww/ere mainly interested in testing the beasitructure of
the dialog, awell as omenchture. These edy results, requing no implementation effort, provided
uswith afirst step in the iterative design of the userrifstee.

Large-ScaleInternal Trial

In 1997we ran a large-scale triaf our Satchel technodly on 26 Xerox eployees located at three
different sites within souhern England. The goals ofhis trid were to conince othersvithin Xerox
(and ourseles!) thatthis technology was actally depbyable andhat it was useful. Some of the
employeeswere “mobile prdessimals”; otherswerenot. The members d the group wereworking
together to lauch a Xerox producwithin Europe, thusve expected a reasonalleount d interaction
among threm. They were selected because ofithintra-group interactions, themobility across the
three sigs (and elewhere), and becausesthwere willing to spend the the and effort helpinguswith
this trial.

Each persomasgiven a Nokia 9000 @mmunicator running our Satel softvare. In addition, Satchel
sysems supportingervies (e.g., printingfaxing, scanningjvere installed at eacH the three sites.
Peoplewere trained, buvere gven no particular tsks to do; therevere no gme rules dewed to force
usage. Rather, thhavere“let loosé with the technology and asked to use it to support themalo
work activities. Results &m the trid were collected fim electronic logs of all swice requests,
obsevations, individual interviews, questiomaires, ad group feedbak sessions ahe end of the
sewen-week trial.

Our desigrgoals andhe restuis ofthis trial are described inamming et al. (sbmitted). In summiy,
we found ovewhelming supporfor providing access to doments and doguert services.There
were problems, dwever, providingubiquitous access, prarily beause @ lack of GSM coverage at a
few of the sies, and also in thelnited Stags. Ore major lesson learneddm this trid was the degree
of time and effort required to pregse and support the uséurrent, rather oedlated, technologfor



the requirements of the Satchel system. New operating systems were installed (changed from
Windows 3.1 to Windows NT), often necessitating hardware upgrades. Installing Satchel itself was
simple; preparing the technology for it was not.

Large-Scale External Trial

In the autumn of 1998 our Satchel technology was transferred to a Xerox business group. In
conjunction with the business group, we set up atrial with an external customer. A group of 22

national account salespeople for awireless carrier in the U.K. were provided with Nokia 9000
Communiators. These peopleould confidenty be called mobile professbnals”. The trial started in
late 1998 and the salespeople are still using it. Plans for futumreudtials are aw undeway, and
our involvement as a researchogip hasended.

CONCLUSIONS

We have presented a Hrigverview of the diferent methods tht have been carried out in the course of
our five-year researcnd develpment project Each & the eary general studiesontributed to our
understading of mobile doaiment work; no one sudy by itsef would have pravidedus with the
necessy information. They were useful in Blping us to refineur design requaments and incrased
our confidence thave were redy to sibmit our protoi/pes to exénsive user testing.

Our ealy sudies were 4so invaluablein enahbing us to desigscenarios thawere realistic and
persuaire. Initialy our senarios were dramt up by us sitting arouné whiteboardwith little

evidene from the realworld to support ther. In the easl days @ the project bimrewe had prototpes
tha were easy demonstratedwe used the sparios to illustrate Selhd’s functionality to other people
within Xerox. They played a pwerful role in persuadinthe corporation to contirtfunding our
project.

The later triad were considerdl more tme-consuming anéxpensve; they were invaluablén
sucassivel refining our protoypes. Een the easf small-scale intenal trials, thougtshort and small,
provided a vasimount of data to feed into later designs. @drse tlese ead trials focused on user
interfaceand sysem design proldms. The later trials, particularlthe o large-scale trials, also
provided mportantinformationon installaton problems, busessmodelsand marketing strateges.

Taken together, this progn of research leadinfyom early concept to eayl product relied on
knowledge ganed fiom al of our actvities. Many of the ealy sudies were “quick-and-dirty” and
were carried ouby just ®veral people over a gar two. The later triad were extemely time-
consuning, required additional fuikg, and involved smetimes up to ten people. Marstudies
yielded anly afew snippets d uselll data; ohers praidedvast quantities d data. We beliee now that
each phyed a role and contributed to the fisaicess of the project.
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