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ABSTRACT

Devel oping quality software rapidly and at | ow cost has been an
el usive goal. Nevertheless, neeting this goal is essential in
today's conpetitive environnent where nore and better products
appear at accelerating rates and custonmers denmand systens that
support "what users need to do" in a natural and cost-effective
manner. This paper discusses the processes used by the TeanlLi nks
for Macintosh project teamto achi eve custoner focus throughout
the devel opnment of a groupware office product. Listening to
custoners radically reshaped the product and led to nore rapid
deci si ons, shorter devel opnent cycles, higher quality, and
greater custoner satisfaction.

WHERE WE STARTED
Product Overvi ew

TeanlLi nks software all ows W ndows PCs and Maci ntosh conputers to
be integrated into enterprise-wi de networks. The product utilizes
Digital's extensive line of network applications and services,
such as electronic mail, file sharing, workflow procedures, and
wor k group applications.

The TeanLi nks product al so nmakes use of the | atest persona
productivity and client-server technology as a platformfor
conprehensive office solutions. Just as Digital's ALL-IN1
Integrated Office System (10S) allows organizations to rapidly
devel op organi zati on-wi de network applications in a tinmeshared
envi ronnent, Teanli nks software provides capabilities that all ow
the creation of conpanyw de client-server office applications
tailored to neet the needs of any operation.

Teanli nks software provides custoners with an intuitive graphica
user interface that integrates their powerful persona
productivity tools, such as word processing and spreadsheet
applications, into | ocal and wi de area networks. This feature is
i ndependent of whether the user's desktop systemis a Wndows PC
or a Macintosh computer.

Product Goal s



For enterprise-wi de work group computing strategies to have

cust oner appeal, they nust address both PC and Maci ntosh desktop
conputers. The introduction of TeanlLinks for Wndows during the
spring/ summer of 1992 further highlighted the need to i medi ately
i ntroduce simlar functions on a Macintosh platform The use of

i nsi de-outside strategic planning identified three primary
factors that required consideration during the devel opnent of

admi ssi bl e product delivery strategies.[1]

First, we must satisfy the wants of the potentially avail able

mar ket . Custoners require both Wndows and Maci nt osh desktop
solutions for their enterprise work group conmputing. Both the
TeanlLi nks Program Office and customers requested a Maci ntosh

pl atformthat supported the core TeanlLi nks services of nmail, ad
hoc workflow, and filing, with product availability within six to
ni ne nont hs.

Second, we nust deliver an acceptable solution with the available
resources. Mcintosh users are frequently recogni zed as demandi ng
consuners of software applications. Although the breadth of
experience in devel opi ng Maci ntosh products within the group was
limted, the devel opment team consciously planned objectives

ai med at satisfying demandi ng consunmers. The teaml s goals

consi sted of satisfying custonmers' basic office needs and havi ng
t he product recognized as a quality TeanlLinks inplenmentation on
the Maci ntosh platform

Third, we nust develop a product within the opportunities and
constraints of today's environnent. In many devel opnent
environnents, the reality of budgets with mninml and
ever-decreasing resources is rapidly becom ng today's nornal node
of operation. Changi ng strategies, requirenments, and nanagenent
infrastructure are also particularly characteristic of current
devel opnent environnents.

Product Strategy

After resolving our initial project goals, we devel oped
strategies to satisfy the goals. W chose to establish design
partnerships with custonmers to iteratively obtain comments to use
as a basis for refining the project's specific deliverables.

Most probl em sol ving strategies are sinple variations of (1)
define the problem (2) develop solutions, (3) test, and (4)
refine the solutions. The TeanlLi nks project team chose an
iterative and concurrent adaptation of this strategy.

First, we identified our inplicit working assunptions.

Initially, the project assuned that all conponents present in the
TeanlLi nks for W ndows product would sinply be ported to the

Maci ntosh platformand retrofitted with a Maci ntosh user

i nterface.



Second, we devel oped product plans based on our initial goals and
implicit working assunptions. Iterative design techniques require
prototypes that custoners may eval uate and comrent on. The
project's initial product plans were utilized as the first

product prototypes for collecting customer responses.

Third, we verified and refined our plans based on validated

i nformati on. As product prototyping got under way, the team
anal yzed information from conpetitive products, industry
consul tants, and custoners. A key consideration for the

devel opnent team was that throughout the life cycle of the
proj ect, specific product deliverables would be changed as
cust oner opini ons becane clear. As incom ng data evolved into
i nformati on, the cost and benefits of each change woul d be
carefully wei ghed agai nst the project's goals.

Product devel opnent thus proceeded on two fronts: one fornul ated
i n advance, the other created in response to new devel opnents,
custoner conments, and experience with successes and failures of
t he pl an.

Sel ect the Best Work Mbdel

Since the energence of the software industry and continui ng
through the present, the ability of software groups to produce

hi gh-quality software has fallen far short of custonmer needs and
demands. In response to this condition, government and academ c
speci alists proclainmed a "software crisis" in 1969 and endorsed a
concept of software engi neering based on authoritative,

hi erarchi cal organi zati ons and sequential application of

speci alized functions.[2] This nodel of software engineering is
still prevalent in textbooks. Ironically, the nodel was created
at a tine when the conpetitive advantage of total worker
participation in cross-functional teans, an outgrowh of Demi ng's
approach to managenent, was being denpnstrated in other

i ndustries.[3] The cross-functional approach is now w dely
recogni zed as a superior nmethod of new product devel opnment.
Figure 1 shows how cross-functional teans speed up work.
Twenty-four years of the sequential nodel have not dim nished the
software crisis. W feel privileged to have been able to apply
the cross-functional nmodel to the devel opnent of the Teanlinks
for Maci ntosh product. Descriptions of other best practices used
by the TeanLi nks team foll ow.

Find Qut What Your Customer Needs
Det erm ni ng the needs of our custoners involved field research

quantitative research, and design justification through
groundi ng.

Field Research. One of the nobst powerful rationales for field



research is the realization that effective design begins with the
di scovery of exactly what users and custoners want and do. Field
research nethods are designed to provide such in-depth
under st andi ng. These net hods enphasi ze openness to user
experience and create a dialog with users about that experience.
Direct contact with users at early stages of design is viewed as
an essential step, and the barrier between users and designers
has been cited as a significant cause of suboptiml design.[4,5]

Quantitative Research. G ven that discovery is the first stage
to effective design, the next stage is decision.[6] Mst |ikely,
a teamw |l not be able to respond to all user needs. Thus, it
needs a systematic and objective way to nake deci sions.
Quantitative nethods provide a basis for decisions because they
establish a dinmension along which features can be conpared.

Grounded Design. Unfortunately, many designs have an

i nsufficient basis. Third-hand i nformation, brainstormng
anecdotes fromtrade shows, and specul ative tal k about "what the
custoner really wants" within an isolated teamall contribute to
designs that do not neet custoner needs and designs that do not
reflect custoner work. To ground a design neans that all aspects
of the design are rooted in custonmer data rather than in

specul ation. Providing nechanisns for this grounding is critica
to produci ng an effective design.

Desi gn Your Product Based on What You Learn

Demand pul |, custoner invol vement, and design netaphors al
contribute to a custonmer-focused product design.

Demand Pull. Using custoner interaction to pull design features
out of the devel opnent team greatly reduces the nunber of design
decisions and the tine required to make these decisions. A
customer focus on work essentials and not on "bells and whistles"”
provi des unambi guous feedback that supports direct decisions.[7]

Custoner-driven Design. Design is a process of refinenment and
el aboration enbedded in a cycle of creation and eval uati on.

Cust oner-driven design involves the evaluation of a tentative
design (the creation) with the custonmer's evol vi ng under st andi ng
of their work vis-a-vis the product.

Desi gn Metaphors. Metaphors are an effective way to generate a
design from customer work and technical capabilities. Exanples
i nclude the "desktop" metaphor that drives nmuch user interface
desi gn today. Although often criticized, netaphors have been
shown to be very powerful and fundanental to human



t hought . [ 8, 9, 10]

Refine Your Product with Custoners

Using an iterative approach to product design conbined with
prototypi ng hel ps refine the product design.

Iterative Requirenents. The need to break the devel opnent of
conpl ex software into manageabl e pieces has |l ed to schenes such
as "separation of concerns," "top-down devel opnment," and
"step-wise refinement." Iterative design addresses this problem
with a "basics first" approach. A basic idea is enbodied in a
prototype inplenentation and reviewed with custoners. The
iterative approach allows solutions to conme into being and

qui ckly converge to finished products under the influence of user
i nteraction, even while users are discovering what they need.
Detai |l ed requi renment specifications are not necessary to begin

i mpl ementation, so there is no time | ag between gathering

requi renents and providing solutions. This approach ninim zes

nm scomruni cati on and elim nates obsol ete requirenments.[11]

Prototypi ng. Prototyping supports a custoner-driven design
process, providing customers with an effective mediumto respond
to current systemthinking.[12] For instance, user interface
desi gns enbody a theory about the way users work.[13] The nost
straightforward way to get feedback on the theory is to express
it in a prototype. A prototype allows users to try the system
directly instead of translating their work into an unfamliar
synmbol i ¢ | anguage. [ 14]

WHAT VE DI D

The project team devel oped custonmer partnerships early in the
project life cycle. Through Contextual Inquiries, focus groups,
and artifact wal k-throughs, the teaminternalized custoner needs
and requirenents. The new data hel ped establish a shared
under st andi ng anong team nenbers and nmanifested itself in a new
product design. Vector Conparative Analysis (VCA) data sunmari zed
team | earni ngs and provi ded the foundation for new designs.
Figure 2 diagrans this process.

Fi nd Qut What Your Custoner Needs

Cross-functional Teans. The team conprised product managers,
engi neeri ng managers, engi neers (including sone from conpani on
products), account nanagers and support people, custoner
personnel, and specialists in marketing, human factors, graphic
desi gn, user publications, and conpetitive analysis. This



cross-functional teamtook training, visited custoners, analyzed
data, and nmade decisions as a whole or in cross-functiona
subgroups. The nutual understanding that grew out of the shared
experience and the shared data enabled faster, nore stable
deci si ons and shorter schedul es.

Custoner Partners. W forned product-life-cycle partnerships at
the start of the project with custoners who represented the four

i ndustries that nost heavily use PCs on the desktop: U S.
government contractors, manufacturing, pharmaceuticals, and

banki ng. Wthin these industries, we identified Digital custoners
fromthe office partner group who used Maci ntosh PCs. Wbrking
with the account teans and the custonmers thensel ves, we sel ected
partners who represented their industries. Each partner
designated a specific person to coordinate their participation

These partnerships allowed nore interaction, better foll ow up,

cl earer conmuni cati on, and nore consistent direction. For

exanple, we could nodel their work in detail in |ater versions of
the prototypes, and the partners could perform conpl ex

eval uations. Since we were famliar with their work and they were
famliar with our product, no one experienced a high cost of

| earning at any stage of the project.

Contextual Inquiry. W decided to train the teamin Contextua

I nquiry nethods so that they could interact nore effectively with
custoners. Contextual Inquiry techniques are adaptations of the
nmet hods used by ant hropol ogi sts and soci ol ogi sts to understand
other cultures. The Contextual Inquiry framework enphasizes three
principles: (1) context, i.e., study user work in its natura
environnent; (2) partnership, i.e., engage custonmers as
co-investigators to hel p devel op your understanding; and (3)
focus, i.e., clarify your interests and assunptions and be
willing to change them based on what custoners tell you.[15]

Cont extual Inquiry techniques have been used widely at Digita

and have shown a positive inmpact on market penetration and
revenue. [ 16]

Custoner Survey. Information from customer visits was organi zed
into a single hierarchy with benefits and needs at the top and
desired capabilities and features at the bottom A questionnaire
was created to obtain quantitative custoner inportance weights
for each node and | eaf of the hierarchy. The questionnaire was
sent to the custonmer partners. W encouraged nultiple responses
fromeach partner to get data fromboth Informati on System

prof essi onal s and end users. We also collected inportance wei ghts
froman industry consultant and additional custonmers beyond the
partners. Figure 3 shows a typical question fromthe
questionnaire.



Custoner Day. Representatives fromthe four custonmer partners
brought conpl eted questionnaires to a customer day. We inquired
about their experience with the questions, |ooking for om ssions
and refinenments. We asked themto describe their top 10 issues
and explain why they are inportant in their environnent. The
custoner day information provided additional insight into user
needs as well as a sanity check of the quantitative survey data.

Conpetitive Benchmarking. W created a score sheet fromthe
features at the | owest |level of the hierarchy devel oped for the
custoner survey. Engineers on the TeanlLinks project, an industry
consulting firm and custoners scored our existing products,
alternative versions of our planned product, and conpeting

of ferings. The scoring by engineers directly contributed to their
under st andi ng of custoner requirements. The information also fed
the VCA process. Figure 4 shows a typical question fromthe score
sheet .

Cross Validation. To minimze investnent risks and to maxim ze
the return on the wealth of information obtained fromthe

dat a- gat heri ng exercises, we revalidated the information to
deternmine its applicability to the project. The informati on was
cross-validated by comparing multiple sources, including the
conpetition, industry consultants, and customers. We verified
that we coul d understand different responses as true expressions
of different needs before we used the data.

Vect or Conparative Analysis. W input the custoner inportance
wei ghts fromthe questionnaire and the feature scores fromthe
score sheet into the conputer-based VCA tool.[17] This tool rolls
the feature scores up through the hierarchy by a nethod of

wei ght ed averages to provide a score at each node. VCA can create
a vector diagram for each node show ng graphically how well each
product satisfies the user needs represented by the node. Figure
5 shows the top few branches in the TeanlLi nks VCA hierarchy.
Digital devel oped VCA for use with or as an alternative to
Quality Function Deploynment (QFD). For the TeanLi nks project, no
QFD was conduct ed.

Artifact Wal k-throughs. Based on Contextual I|nquiry principles,
artifact wal k-throughs allow a design teamto | ook at processes
that take place over time and that occur anong groups of people.
The nane is derived fromthe approach of asking custonmers to
bring the actual artifacts of a process, e.g., notes, nenos,
forms, and docunents, into the wal k-through as a remi nder of the
full complexity of the process. In the presence of the artifacts,
we ask for the overall process goals, any known issues and

probl enms, and a list of process steps. For each step of the
process we ask, Wio makes requests? Who does work? Who approves?
What is the cost in person effort, materials, and equi prent? \Wat



is the normal cycle tinme? and What problens and i ssues exist with
this step? Each type of information is recorded on a col ored
Post-it note and assenbled into an annotated fl ow di agram of the
process. Thus, these wal k-throughs enphasize articulating a
process in detail, grounding it in a specific customer exanple.
We chose artifact wal k-throughs as the natural approach to
gathering data in order to custonize our prototypes to each
custoner situation. At the sanme tinme, the wal k-t hroughs uncovered
addi ti onal general requirenents.

Desi gn Your Product Based on What You Learn

Team Di scussions. The Contextual Inquiry results contained
surprises. Even though the inquiry focus was on office products,
custoners expressed nore requirenents about cost contai nnent than
about product features. The nessages, discussed in detail in the
section What We Learned, were clear in the raw data and becane
the basis for revised plans even as the rigorous VCA was bei ng
conpleted. At this time, an early prototype, seen only by the
devel opnent team was redirected. Real custoner data enabl ed
rapid consensus within the team on changes to the project's
direction.

Conpetitive Positioning. The survey and benchmark data, which
was processed by VCA, allowed us to track our conpetitive

position at all times. W could say, for instance, "If we build
this alternative, we will satisfy nore custonmers than conpetitor
A but will need more mail features to conpete with B." In

addi ti on, when the engineers perfornmed the benchmarking in
person, they |earned nore than just scores. One engi neer deci ded
to keep the conpetitive product he benchmarked as a working too
until our own replacenent product was ready, because the
conpetitor's product was better than the tools he had been using.
Such experiences challenge the engineers to build better
products.

Trade-of f Analysis. The conputer-based VCA tool allowed precise
nuneri cal conparisons to be nade on denmand. Many alternatives,
rangi ng fromthe nost probable plan, through mnor variations, to
wild "what-if" scenarios, could be analyzed. The graphica

di spl ays allowed the trade-offs between alternatives to be
understood at a glance. Low customer-inpact branches of the

hi erarchy could be identified and ignored during the period when
basic directions were being established, thus sinplifying the
design process. Figure 6 is a representation of a VCA display,
annotated to clarify how the charts are to be read. In
particular, the inportance of an itemis indicated by the angle
of the vector representing it --- the nore inportant the item
the nearer the angle is to vertical. The length of a vector shows
how well the itemis realized in a given plan --- the better the



realization, the longer the vector. Therefore, |long vertica
vectors represent inportant itens that are inplenented well, and
short horizontal vectors represent uninportant items that are not
i mpl emented wel |

Refine Your Product with Custoners

In addition to the techni ques al ready described to bring custoner
i nput into the design of TeanlLinks for Mcintosh, we used four
cycles of prototyping to confirmand refine our designs. In
preparation for the third cycle, we conducted artifact

wal k-t hroughs with each custoner partner as described earlier.
The wal k-t hrough information enabled us to sinulate rea
processes during the final prototype cycle, thus putting our
products to an ultinate test. The four cycles are shown in Table
1

Table 1 The Teanli nks Prototyping Cycles

Cycl e Cont ent Presentation Data Col | ecti on
1 User interface Maci nt osh One- on-one
facade Power book cont ext ua
i ntervi ews
2 User interface Client software Sanpl e tasks
and limted only (scenarios),
functionality user diaries, and

phone calls

3 Usabl e workflow, Cient and Cust onmer forns
filing, and server software and work tasks,
basi¢c mail user diaries, and

phone calls

4 Ful | Client and Daily use,
functionality server software visits by team
and phone calls

WHAT WE LEARNED

Significant changes in functionality and the user interface were
made based on user reaction to the prototypes. This section

di scusses these changes.

Unl earni ng Thi ngs We Thought We Knew

Throughout this paper, we focus on three main themes: (1) find

out what your customer needs, (2) design your product based on
what you learn, and (3) refine your product wi th custoners.



The previous section of the paper
that we used to achi eve these goals.
data, we devel oped a set of assunptions about our

di scussed tools and techni ques
Bef ore actively gathering

customer's

needs and preferences for working. On subsequent visits we

di scovered that sonme of our
needed to change our

demand.

of our original

Tabl e 2 Conparison of Origina

Origina
Desi gn
Mai

Devel op new X. 400
Teanli nks mai |
client for
Maci nt osh.

Wor kf | ow

Devel op i nfornmation
manager application
t hat contains
routing services.

Filing

Devel op i nfornmation
manager application,
in addition to Mac
file system

Lesson One

Qur initial

In this section,
di scoveri es made throughout the data-gathering process,
desi gns derived from our
and revi sed designs.

ori gi na
we descri be our

di scoveri es.

Di scovery

"Build one mail client
and do it right."

"Hel p us utilize our
avai l abl e desktop

resources.” "Build a
"real' Mac product."
"Docunment managenent

shoul d | ook and work
like a Mac."

assunptions were flawed and that we
plans to better satisfy custoner
initial

assunpti ons,
and new

Table 2 |lists a conparison

and Revi sed Desi gns

Revi sed
Desi gn

Leverage existing

X. 400 mail client and
focus on devel opi ng
mai | - enabl ed wor kf | ow
applications.

Devel op i ndependent
conmponents that work
well with existing
Maci nt osh applications.

Provi de access to
ALL-IN-1 ICS file
cabi net as an
extensi on of the

Maci ntosh file system

assunption was that customers need an information
manager to navigate and to view file cabinets.

TeanLi nks for

W ndows provided an i nformati on manager to assist W ndows users

in view ng, nam ng,

MAI Lwor ks fil e cabinets.
based upon the physica

a hierarchica

rel ati onship,
folders and fol ders that contain only docunents.

The fil e cabinet
nmet aphor

and navigating the ALL-IN-1 | OS and DEC
is a logica
of a filing cabinet.
provi di ng drawers that contain only

cont ai ner
It enforces

The file



cabi nets represent the central storage areas for all objects
wi thin the TeanlLi nks environnent.

To parallel the TeanlLinks for Wndows environment, the team
proposed an i nformati on manager for the Maci ntosh product.

Figure 7 shows the proposed information nmanager w ndow. Users
woul d be presented with a single, world view of the file cabinets
through the information manager. This proposal adds an additiona
docunment nmanagenent | ayer on top of the native docunent
managenment. The team planned to display the information in a
manner as simlar as possible to the Maci ntosh desktop displ ay.

However, our custoners stressed: "Docunent managenent shoul d | ook
and work like the Mac." The Maci ntosh desktop presents a single,
world view to the users. They do not want a replacenent. CQur
partners urged us to support docunment views and navigation that
is native. After attending the Apple Devel opers Conference, the
proj ect | eader also concluded that we would build a
nonconpetitive application if we followed our proposed plans.

The team deci ded not to build an integrated informati on nanager
The revised design in Figure 8 shows how users can access the
remote ALL-IN-1 1OS file cabinet as they do renpte network
volunes. In this approach, the ALL-IN-1 IOS file cabi net becones
an extension to the file system This paradi gm builds upon the
Maci nt osh user's prior know edge, nmaking the interface
confortable and famliar

Lesson Two

Qur initial assunption was that we should follow the TeanLi nks
for Wndows | ead and create one tightly integrated application
G ven the TeanlLi nks for W ndows working nodel, the team proposed
to develop a simlar application for the Maci ntosh platform
Original plans detailed a |arge, integrated application. The

i nformati on manager wi ndow woul d provide the central world view
of the file cabinet. This w ndow woul d have its own set of nenus
and a tool bar. Al other services would be avail able through the
i nformati on manager nmenus and tool bar. Mil nessages, workfl ow
packages, and ot her docunments would be stored in file cabinet
folders. Users woul d open these objects by double-clicking to

i nvoke the appropriate editor

Each service would be represented by its own wi ndow wi th uni que
menus and a tool bar. Services would include mail, workflow,
address book, directory |ookup, and distribution |ist editing.

Rat her than enhancing the existing X 400 nmail client, DEC

MAI Lwor ks for Macintosh, the team planned to create a new nmi |
client for the TeanlLinks product. This decision would have
resulted in two conpeting mail clients.

However, our custoners stressed: "Help us utilize our avail able



desktop resources.” Digital's office products need to work with
exi sting Maci ntosh applications. Custonmers want to use their

exi sting word processing, graphics, and other business
applications while working with our office applications. The
custoners enphasi zed that TeanLi nks components nust work wel

t oget her.

Throughout our interviews we heard: "Build a real Mac product."
Qur custoners stressed that our Macintosh office products nust

| ook and feel |ike Macintosh applications as well as adhere to
the Apple Human Interface Guidelines. They encouraged us to take
advant age of col or, direct manipul ation, and point-and-click
paradi gns. In follow ng these standards, we enable users to
transfer their skills fromone application to another, thus
reduci ng training costs.

We al so heard: "Build one mail client and do it well." Custoners
want consi stency across our applications. If two Digital office
products provide X 400 nail support on the Macintosh platform
each should present the sane user interface. This practice wll
hel p reduce custoner costs by eliminating additional user
training. FromDigital's perspective, it nakes good busi ness
sense to take advantage of existing products and resources where
appropriate. Qur custoners cautioned agai nst devel opi ng a new

X. 400 mail client for the TeanLi nks product when DEC MAI Lwor ks
for Macintosh already exists. They encouraged us to direct
resources toward devel oping a single, strategic mail application
that is sinple to use, X 400 conpliant, reliable, and avail able
for the popul ar desktop computers. They nentioned nuil -enabl ed
applications, such as workflow, conferencing, and tine
managenent .

The team deci ded to take advantage of existing conponents.
Rat her than build a new mail client, the TeanlLi nks and DEC
MAI Lwor ks for Maci ntosh project teans coll aborated to enhance the
exi sting DEC MAI Lworks client and provi de workfl ow support.

The TeanlLi nks team focused on devel opi ng t he workfl ow conponent
that woul d assist users with routing fornms and documents for
review and approval. As a result, the TeanLi nks design m grated
froma large, integrated application to conponents that work wel
together and allow users to exchange information that they have
created with other popul ar Macintosh applications. Dependi ng upon
speci fic needs, custonmers can purchase a nmmil-only package, a
wor kf | ow package, or a conprehensive package with mail, workfl ow,
remote ALL-IN-1 1CS file cabinet access, and conferencing
applications. Throughout devel opnent, the teamrefined designs,
adhered to Maci ntosh gui delines where possible, used color to add
val ue, and inpl emented point-and-click paradigns.

Lesson Three

Qur initial assunption was that tine managenent is inportant, but



we still have time before mssing the opportunity to inplenent
this feature. Although time managenment was viewed as an inportant
product requirenent, the teamdid not fully appreciate the
consequences of not inplenmenting a tinme managenent sol ution. Due
to limted resources, the teamrelied on another internal group
to deliver these services. If a tinme nanagenent product were to
become avail abl e before the TeanlLi nks rel ease date, it mght be
integrated into the package.

However, our custoners stressed: "Help nme nanage ny tine."
Custoners often described their struggle in trying to schedule a
nmeeting with a group of people and quickly followed this
description with a request for tinme managenent support. People
spend a great deal of time trying to nanage their cal endars. Two
of our four partners rated tinme nanagenent support as their top
priority. People want to browse one another's cal endars, get
assistance in finding comon neeting tinmes, and schedul e
resources and events across their organi zation or conpany.

One partner stated that they would not be able to migrate their
ALL-1N-1 1 OS users to TeanLi nks for Macintosh until a time
managenment solution was in place. VCA data indicated that if
Teanli nks for Maci ntosh had an integrated tinme nmanagenent nodel,
the product would be in better conpetitive standing.

An of fice industry consultant told us that we had only six nonths
to rel ease an integrated tine managenent nodule. |If we del ayed
any longer, we would miss the opportunity.

The team had been considering third-party tinme managenment
provi ders, but negotiations had stalled. The team decided to
reenphasi ze negotiations. A contract was signed within a short
time.

Lesson Four

Qur initial assunption was that we would port Teanlinks for

W ndows to the Macintosh platformand Mac users would |ike the
results. We originally planned to port the TeanlLi nks for W ndows
application first and then retrofit a Maci ntosh user interface.
The team proposed an initial design that contained a rich set of
functions identical to those in TeanlLinks for Wndows but gave
little thought to what Maci ntosh users really wanted from a
groupware office application. The inportance of sinplicity and
ease of use was not clear to all team nmenbers.

However, our custoners stressed: "I don't learn new functions
unless | see clear value to ny work." "[The] nost val uable too
is the one you [al ready] know how to use." "Less is better." "Al
I want to do is create mail and read it." "Build a real Mac
product."

Peopl e use tools and applications to sinplify work tasks. Tools



shoul d support existing work rather than create new work. People
use tools if they add val ue; otherw se, they quickly abandon
them Custonmers want sinple, elegant solutions.

Porting Teanli nks for Wndows to the Macintosh platform woul d not
succeed even if a user interface that resenbled an actua
Maci nt osh user interface were provided. Macintosh users easily
spot and freely reject a ported Wndows application. Vendors who
have ported W ndows applications to the Maci ntosh platform have
failed to gain product acceptance.

The team decided to adopt sinplicity as a thenme. Although nuil
and wor kfl ow add val ue, they nust be sinple to use. W decided to
t ake advantage of our users' previous know edge of el ectronic
mai | and the postal mail netaphor in the design of our workfl ow
package. The team first concentrated on designing the nost
frequently used functions and then on refining them

Qur VCA results indicated that we had an opportunity in the
wor kf |l ow area but that the wi ndow of opportunity was quickly
closing. To conpl ete our designs and devel op custoner-specific
tenpl ates for prototyping, we needed to |l earn nore about our
custoners' business processes. W used artifact wal k-throughs to
study three workfl ow exanpl es: a manufacturing procurenent
request, a pharnmaceutical regul atory subnission, and a banking
credit approval.

Rat her than port the W ndows application, the teamcreated a new
design utilizing user interface prototyping tools. W adhered to
Maci nt osh gui del i nes, incorporating standard system fonts,

poi nt-and-click selection, standard text selection routines,
standard nmenus and accel erators, consistent button placenent, and
di al og | ayout.

Di scovering Delighters

Through the di scovery process, several of our initial assunptions
proved to be inaccurate or misguided. As a result, the team
changed plans to better satisfy custoner requirenents. W | earned
fromthe experience and adapted appropriately. The team al so

di scovered that certain product attributes delighted custoners.

Button Bar. Surprisingly, the button bar or tool bar within the
TeanlLi nks conponents is a delighter anpbng custoners. The buttons
provi de point-and-click access to frequently used mail and
wor kf I ow functions, reducing nenu navigation and recal |l of
keyboard accel erators. Colorful icons indicate button function
Context-sensitive help is also avail abl e as users pass the nmouse
poi nter over buttons in the bar.

Wor kf | ow Aut omation. Data from Contextual Inquiries, artifact



wal k-t hroughs, and VCA reveal ed that business process

reengi neeri ng and automation is an energi ng opportunity within
the office automati on market. Today, businesses |ose tinme and
noney tracking materials through approval life cycles. Tools that
support workfl ow automati on can potentially yield substantia
savings for a corporation. In some industries, trimrng one hour
froma process can save nmillions of dollars.

One custoner expressed his interest in workflow support as
follows: "It will nostly save everyone's tine which is now wasted
in tracki ng dowmmn who has the material and who still needs to sign
it. It should speed up things, because it doesn't have to
physically be sent fromoffice to office (sonetinmes even
different states) for approval. | would think it could save tine
at year end for summary reports."

The devel opnent team capitalized on this information, focusing
the corporate office strategy on devel opi ng | eadershi p workfl ow
tools. Rather than provide a set of "ne too" features, the team
deci ded to concentrate on a specific custonmer problem and provide
a sinple, well-done solution. The TeanlLi nks Routing product is
the outconme of these efforts, and the group intends to focus the
mar ket i ng nmessage on its tracking capabilities. Six nmonths |ater

| eadi ng conpetitors are now hastening to announce workfl ow
product offerings.

Refinement during Prototype Review. OQur VCA results indicated
that custoners place great value in ease of use. Itens fromthe
benefit hierarchy such as "Make the product usable --- match the
way | work," "Make the U consistent within itself," and "[ Make
a] product [that] adds value to my work" were all rated as highly
i mportant by our customer partners. Users are specifically
interested in mninml keystrokes, consistent interfaces and
functi ons across conponents, point-and-click paradi gns, adherence
to Maci ntosh user interface standards, and short-cut keys.

The team focused on satisfying these requirenments within the
TeanlLi nks conponents. We enpl oyed a desi gn net hodol ogy t hat

i nvol ved users throughout the devel opnent |ife cycle, allow ng
users to see product inmprovenents on a nonthly basis. During
early prototyping, the team conducted one-on-one sessions with
users to study concept |earning and ease of use. Feedback from
t hese sessions was used to progressively change the design
Subsequent testing revealed that the design nodifications

i nproved ease of use. A summary of specific design changes

foll ows.

Redesi gn of Main W ndow for TeamnLi nks Routing. A user receives
new packages for review and approval in the mail in-box folder

To view the package, the user double-clicks on the package in the
i n-box folder, opening a window. The original screen design for

t he TeamLi nks Routi ng package w ndow appears in Figure 9.



Prototype testing denonstrated that users had difficulty focusing
on inmportant information in this wi ndow. The button bar

i medi ately caught their attention, and their eyes were then
drawn to the distinctive "Routing List..." button and the
corresponding list of nanes. Several users overlooked the list of
attachnments at the bottom of the wi ndow. Many users were unabl e
to locate their role instructions, which outlined their specific
tasks. Finally, several users commented that inportant

i nformati on, such as, What do | have to do with this? Wen do
have to respond? and What's ny role? was not visible on the nmain
screen.

Users had difficulty understanding that the wi ndow represented a
package that contained several attachnments and signatures. Users
were famliar with mail nessages. They easily understood the
concept of nessage attachnments and the postal netaphor as it
relates to electronic mail. They associated a workfl ow package
with a special type of mail nmessage that needed approval, yet the
package wi ndow did not resenble the fam |iar nmessage w ndow.

Users overwhel mingly |iked the button bar, because frequently
used functions were nore accessi ble and visible.

After going through several design iterations, the package w ndow
now appears as shown in Figure 10. The team applied the nail

nmet aphor to workflow, rearrangi ng sone of the information to
create distinct header and attachnent areas as seen with mail
nmessages. The header contains Initiator (Fronm), Initiated (Date),
To, and Subject fields. Additionally, we added a Role field to
the header in response to user requests. Text |abels are

di splayed in a bold font to inprove readability and to hel p users
focus their attention.

We sinplified the wi ndow by renoving noncritical information
For exanple, although the data in the routing list is inportant
to users, they do not require this information in the main

wi ndow, as long as it is available with a single nmouse click
Therefore, we added an Edit/ Vi ew Routing-List button on the

| eft-hand side of the tool bar. Users are also able to quickly
view the routing list by double-clicking on the To field. In
addition, we renmoved the Routing List button, which needlessly
di stracted users.

The graphi c designer created smaller buttons and used subtle
shades of gray to create a three-di nensional |ook. Shadi ng was
used to invite users to press the buttons. Icons were designed to
be understandable in international settings. Below the header
shadi ng was used to define the attachnents area, and a paper clip
i con was added to reinforce the netaphor

To address the difficulty users had in |ocating role
i nstructions, we placed themin the attachnments list. |f
i nstructions are present, they always appear as the first



attachnment and are denoted by a distinct docunent icon. Users
sinmply double-click on the list entry to find out what they need
to do with the package.

I n subsequent evaluations with the prototype, custoners
commented: "I think it's pretty good. Once you get into it, it's
pretty easy to use, pretty logical." "I was already sonmewhat
famliar with it because | saw base-level one. It was pretty easy
com ng back to it. Just fromusing it the first tinme, it becane
famliar. | had sone problens with the | ast one [base-|evel one],
and | think you've solved a ot of the problens with this one

[ base-1evel two]." "Anyone familiar with a Mac shoul dn't have a
probl em "

I n designing the package window to | ook nore like a nmail nessage,
we enabl ed users to transfer their mail know edge to workfl ow.
The concept of creating a package could be related to the concept
of creating a mail message, nanely, addressing the workfl ow
package, attaching docunents to the package, and typing in a

subj ect. These changes help to reduce the need for user training.

By sinplifying the nmain wi ndow, we enabl ed users to focus on

i mportant information, i.e., their role instructions and the
attached work materials. Providing icon buttons for frequently
used functions helps to mnimze keystrokes and save tine.

Term nol ogy Review. The original TeanLi nks Routing product used
a series of technical terns in the title bars of package w ndows

to identify packages and states. These terns were not very

meani ngful to users. The original terns are listed in colum one

of Table 3.

Tabl e 3 Teanli nks Workfl ow Term nol ogy

Oiginal Title Bar Revised Title Bar

TeanmRoute - Tenpl ate Tenpl ate - <docunent title>

TeanmRoute - (Master, Routing) Original - <docunent title>

TeanmRoute - (Master, Conpleted) Conpl eted Original - <docunent title>
TeanmRoute - (Master, Unsent) Draft - <docunent title>

TeanmRoute - (Master, Sent) Original - <docunent title>

TeanmRoute - (Routing Copy, Pending) Routing Copy - <docunment title>
TeanmRoute - (Routing Copy, Sent) Carbon Copy - <document title>
TeanmRoute - (Carbon Copy, Read) Carbon Copy - <document title>

TeanmRoute - (Tracking Report, Read) Latest Copy - <docunent title>

Team nmenbers wor ki ng on the Wndows and Maci nt osh pl atforns
agreed to review term nology with the goal of reaching consensus
on sinple ternms that users could imediately identify. The team
reflected on the traditional term nology for routing paper



packages to devel op the new termninology. The new terns are |isted
in colum two of Table 3.

By using terns that reflect the paper process, users can

i medi ately identify packages they receive and understand the
appropriate actions to take. The ternms Tenplate, Oiginal, Carbon
Copy, and Routing Copy describe both package type and status in
sinmple, famliar terns rather than in technical ternms. The
package nanme is placed in the title bar of the package wi ndow and
is readily visible to the user. The revised terms help to

m nimze new | earning and reduce frustration. Consistent use of
term nol ogy across platforns allows users to speak in commn
terms with coll eagues using alternate desktop systens.

Focus on the Package. The team made a concerted effort to focus
on all conponents of the TeanlLinks O fice package: nuail,

wor kfl ow, filing, and conferencing. As discussed earlier, the
process of iterative design yielded excellent results with
Teanli nks Routing. Studies of prototypes denobnstrated that the
use of buttons, color, larger fonts and professional graphics,
the mail metaphor, and adherence to Maci ntosh standards al
contributed to ease of use and acceptance of the TeanLi nks
Routi ng product.

VCA results indicated that our custonmers viewed consi stency
across conponents as essential to minimzing training and

i ncreasing accessibility. Gven this informati on, our goal was to
produce a family of products with a consistent |ook and feel. The
t eam spent six weeks working on mail enhancenents, nodifying the
screens to be nore consistent with TeanLi nks Routing. For

exanpl e, the graphic designer created nore neani ngful icons for
the buttons, adding color to reinforce netaphors and nmeke the
buttons nmore distinct fromone another. The team agreed on

consi stent button placenment across conponents, noving all buttons
to the top of mail windows. Simlar font styles and sizes were
used across conponents to increase readability. Figure 11 shows
the original mail file cabinet window Figure 12 shows the sane
wi ndow wi th the enhancenents just nentioned.

In addition to focusing on consistency across user interfaces for
mai |, workflow, filing, and conferencing, the team enployed the
same graphic for the on-screen "About" boxes and for the
packagi ng and docunentation cover designs.

Consi stency across product conponents and with other Macintosh

applications received rave reviews fromcustoners: "I liked the
buttons across the top real well. Real nice." "The fact that it's
consistent with other Mac applications is the best news."
"Support for point-and-click --- you did a good job here."

By creating a simlar |look and feel across conponents, the team
reduced custoner training needs by increasing the transfer of
| earni ng. Enployi ng the same graphics for all conponents created



a recogni zabl e product identity for the TeanlLinks famly.

Filing. The original design to access the rempte ALL-IN-1 IOS
file cabinet on the Macintosh replicated the TeanlLi nks for

W ndows i nformation manager. The VCA process denonstrated that
this design would not be conpetitive nor would it satisfy

cust omer needs.

The team devel oped a nore viable solution by visualizing the
ALL-IN-1 10S file cabinet as an extension of the Macintosh file
system Team nenbers devel oped a TeanLinks fil e cabi net
extension. Users connect to the ALL-IN-1 IOS file cabinet through
the chooser wi ndow. Once a user is connected, a volune, visually
represented by a file cabinet icon, appears on the user's
desktop. The user double-clicks on the file cabinet volunme to
view the contents in a new wi ndow. ALL-IN-1 |IGOS drawers and
folders are visually depicted as their real-world counterparts,
as seen in Figure 13. Users can nmanipulate files in a famliar

f ashi on.

By using the standard Maci ntosh user interface to manipul ate
drawers, folders, and documents in the ALL-IN-1 ICS file cabinet,
users do not need to learn a new paradigm This approach

m nim zes new | earning, increases accessibility and ease of use,
and adds value. This design is conpatible with the future Apple
Open Col | aborative Environnent (ACCE) and will create a better
return on investnment for the programteam

CONCLUSI ONS

The success or failure of any product can normally be attributed
to the product's initial plans and the inplenentation of those
pl ans. For this project, one can evaluate the devel opnent
strategy against the initial project goals and against the

cust omer needs.

The devel opnent strategy satisfied the program s goals. The
initial version of the product was delivered in | ess than a year
of devel oprment time and with mniml resources. By-products of
the devel opnment strategy allowed the teamto take additiona
"informed" risks (seven nonths into the project, the team

recei ved additional responsibility for delivering the nail
client), to deliver three separate products with m ni nal
resources, and to better engage and notivate the devel opnment team
t hrough consi stency of purpose.

As for the customers, they say it best in their own words:

Maj or government contractors: "I thoroughly enjoyed testing the
product. | amdefinitely going to buy it --- our conpany is
conmitted to TeanLinks...." "Excellent adherence to Mac
Interface.”



Maj or manufacturing conpani es: "Sinple enough to use and it
works." "lI'd say yes [in response to a question regardi ng whet her
they woul d purchase the product], it ties in well with ALL-IN1
and neets the needs."

Maj or pharmaceutical conpani es: "Logical enough to use without
the need to read docunentation.” "We're very excited and
encouraged by these changes. Looks like a Wnner!!!!1" One
custoner stated publicly in ConputerWrld that TeanLi nks/ DEC
MAI Lwor ks is their standard.

Sel ect ed governnment agencies: "Really like mail; |ike the graphic
U, color, bit buttons, the file cabinet...." "Easy to use." "I

| ove this! Qur whole branch will want this." "It is exactly what
I've imagi ned and desired for nonths." "They [custonmer's users]
are going crazy over it. They love it!"
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