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In this paper, we describe Iterative
Development in the Field (IDF), a User-
Centered Design approach for developing
interactive applications. This approach is
characterized by repeated evaluation and
redesign cycles that are carried out
throughout the product life cycle, from initial
discovery and gathering of requirements to
beyond deployment in the field. The
evaluation is based on the use of interactive
prototypes and is performed by actual users
in the field. We describe how IDF has evolved
over the past 13 years through the experience
gained from four major projects and offer a
set of guidelines for successful IDF that we
illustrate with examples from our experience.
We discuss limitations in the applicability of
IDF and conclude with some comments
regarding the future of IDF.

A main goal of User-Centered Design (UCD) is to
make systems useful and usable for their end users.
The process, as its name implies, places the user in
a critical position for both determining system re-
quirements and ensuring they are met.1–8 As a gen-
eral approach UCD has been able to demonstrate
some very positive results. In a compilation of var-
ious studies, Landauer reports gains to be achieved
by employing some form of UCD in the system de-
velopment process.9 Based on examination of about
15 studies of different systems reported in the liter-
ature, he concludes there are significant improve-
ments in work efficiency for the user that can be at-
tributed directly to UCD. The studies cited differ
greatly with respect to UCD methods employed, the

tasks examined, and the level of completeness of the
system being evaluated (e.g., laboratory prototype
versus system in use). These factors, coupled with
the difficulty of being able to clearly define a “de-
sign cycle” within which to assess the efficiency and
usability gains of UCD, resulted in great variability
in the gains reported across studies. Nonetheless,
Landauer concludes that the studies indicate UCD
has great potential for improving systems. The ben-
efits include not only improvements in user efficiency,
but also others, such as reduced training costs, re-
duced user errors, reduced maintenance costs, and
increased customer satisfaction. Other studies also
document the benefits of increased productivity,
higher quality results, avoidance of costly, late-cycle
changes, and reduced cost of application support and
training.9–13 The field has even matured sufficiently
to have standards describing best practices (ISO
13407; ISO TR 18529).4,5 Cost-benefit analyses can be
used to demonstrate projected savings when UCD
work is done.14

Through our experience developing interactive sys-
tems in a variety of domains, we have developed and
refined a UCD-based approach that we call Iterative
Development in the Field (IDF). It includes four
phases: discovery, proof of concept, pilot, and de-
ployment, and each phase involves working with sys-
tem users and other stakeholders directly in the
field.15 In the discovery phase, team programmers ac-
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company usability experts on customer visits to gain
a first-hand understanding of the customer environ-
ment, problems, and opportunities. This understand-
ing shapes the initial set of system requirements. In
the proof of concept phase, a small, strategically se-
lected subset of the proposed system’s functions and
an early version of the user interface are imple-
mented. This “proto-application” is placed in the
field and user evaluations are begun (we use the term
“proto-application” to emphasize that, unlike a pro-
totype, the code developed is improved over time
and becomes the product code). The proto-applica-
tion code base is furthered developed in the pilot
phase, when functionality is added, modified, and
prioritized based on continuing field-based stake-
holder inquiries and evaluations. During the pilot
phase, there are increases in the scope, depth, and
robustness of the system, the number of field sites
where it is installed, and the number of persons us-
ing the system. Finally, in deployment, the system is
hardened, and the team transfers it to the stakehold-
ers responsible for operating and maintaining it.

Over the years, many different UCD techniques and
methods have been developed for gathering system
requirements and for evaluating designs in order to
assess their ability to meet those requirements.9,11–

12,16–19 Although our approach uses many of these
well-established UCD techniques, the defining char-
acteristics of IDF can be described as follows.

Design evaluations are carried out in the field, with users
of the future system engaged in meaningful behaviors.
Rapid iterations of design and evaluation are ongoing
from early design through implementation. The eval-
uation steps are performed using an interactive proto-
application that remains in the field during develop-
ment and evolves into the final system.

The rest of the paper is structured as follows. In the
next section, we describe IDF in more detail and dis-
cuss its potential benefits and risks. In the following
section, we describe the four interactive systems we
developed using IDF. Then, we provide a set of guide-
lines for successful application of IDF, and we illus-
trate these guidelines with examples from our expe-
rience. Finally, we discuss limitations in the
applicability of IDF and conclude with some com-
ments regarding the future of IDF.

IDF up close

Each of the critical features of IDF builds upon es-
tablished approaches and best practices in UCD and

related fields of social science. We briefly examine
these relationships before taking a closer look at the
risks and benefits of IDF.

The importance of examining activities and artifacts
situated in the context in which they naturally occur
(i.e., in the field) is central to work in ethnography,
anthropology and sociology,20 as well as in the de-
sign of systems.21 Participant observation and inter-
viewing are key activities in such research, as they
are in IDF. Sperschneider and Bagger highlight the
importance of utilizing several different techniques
in the field and emphasize that one needs to apply
these techniques in a flexible manner in order to be
responsive to what is learned.22 Both the use of mul-
tiple techniques and their flexible application in the
field are also important characteristics of the IDF ap-
proach.

Smith and Dunckley discuss the need for evaluation
to be situated, i.e., in the field, and for the data gath-
ered to be used to improve the evolving system.19

They discuss “developer-user contextual evaluation”
(DUCE) sessions, in which users interact with, and
think aloud as they use an interactive prototype to
carry out task scenarios related to their work prac-
tices. General exploratory questions, prepared in ad-
vance, are asked at appropriate points of the user
interactions, and sessions are videotaped for subse-
quent analysis. Analysis takes place in what they call
“team evidence analysis” sessions, in which the in-
formation gathered from DUCE is discussed by a team
of developers and worked into potential redesigns.

Although our approach involves similar activities, we
emphasize that it is key to employ a host of tech-
niques in the field rather than to attempt to define
a single best method. The specific technique used at
any point in time is determined based on the user’s
behavior. For example, we may begin by letting the
user explore the system in an unguided way, but if,
through his or her interactions or verbalizations, we
detect an issue warranting further exploration, we
might ask the user to engage in a directed task.

Smith and Dunckley report on the positive effect of
providing developers with actual user comments
rather than their interpretation. In IDF we take that
one step further and provide developers with first-
hand observational experience. We find that having
the implementors in the field alongside UCD experts
is crucial in helping the entire development team gain
an understanding of user issues.
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A UCD approach that is closely related to IDF’s em-
phasis on work in the field and involvement of users
in the design process is Participatory Design (PD).
Much of the work in this area has been focused on
ways to bring the user onto the design team. Per-
haps the most comprehensive treatment of various
PD methods is given by Muller, Haslwanter, and Day-
ton.23 A major difference between IDF and most PD
methods is that IDF focuses on real work in real con-
texts—even in the earliest stages of design—while
many PD methods involve users in various “what-if”
types of activities such as theater, games, metaphor,
or storytelling. Although such techniques arguably
allow people to “think outside the box,” they may
also introduce various distortions, resulting in a de-
parture from a realistic picture of the context of use.
It is well known that people’s perceptions and mem-
ories of what they do—or what they imagine they
would do—is often at odds with their actual behav-
ior. By focusing instead on user behavior during re-
alistic tasks, IDF produces a well-grounded design
of the system.

The catalog of participatory design techniques re-
ported in Muller, Haslwanter, and Dayton23 reveals
that most PD methods concentrate on the early
phases of software development; e.g., methods that
focus on problem identification, requirements, anal-
ysis, and high-level design. In contrast, IDF involves
stakeholder input and feedback throughout devel-
opment. Although there are some PD methods that
do attempt to address usability throughout the de-
velopment effort, they consist of a fixed series of
steps. IDF, on the other hand, not only advocates flex-
ibility in the design and implementation of the sys-
tem, but also in the way the method is applied.
Rather than follow a predefined sequence of steps,
IDF relies on a flexible response to each specific sit-
uation.

The evaluation process of IDF is pervasive and cen-
tral to all activities as it is in the “star” life-cycle model
of development.24 Most UCD practices advocate eval-
uating design with the use of some kind of proto-
type.4,25–27 What varies most is the fidelity of the pro-
totype and how the evaluations are done. Hall
discusses the merits of different degrees of fidelity
in prototyping and their appropriateness depending
on goals and stage of development; he recommends
the fidelity be increased as the project matures.13

Higher-fidelity interactive prototypes are typically
more costly in the short run than low-fidelity pro-
totypes, but they have been instrumental in the de-
tection of more usability problems.26,28

In IDF, the prototype is more accurately viewed as
a “seed” of functionality that is steadily evolved into
the final system.29 This seed takes the form of a high-
fidelity prototype, or proto-application. In order to
support the evolving nature of this proto-application,
IDF uses a tool base that enables low-risk, rapid it-
erations and incremental development. In this way,
one can obtain the advantage of more realistic sys-
tem evaluation while avoiding the cost of throwaway
prototypes. Nielsen talks of horizontal and vertical
prototypes—the former covers many features of a
system, but lacks depth of functionality, whereas the
latter provides more functionality but only for a few
selected features.30 In IDF, we try to build something
that initially captures a sufficient number of features
concurrently with enough functional depth to begin
exploring the feasibility of the design concept; hence
the term “proof of concept” as a phase in our de-
velopment approach.

Another important way in which our approach to
prototyping in IDF differs from others is that when-
ever possible we leave the proto-application in the field,
even when we are not there to observe its use. Be-
cause the proto-application is a functioning system,
albeit short of full functionality, we are able to in-
strument it with monitoring capabilities that allow
us to learn about its usage and operating perfor-
mance, and to respond quickly to any serious sys-
tem problems.

Benefits of IDF. Aside from the previously men-
tioned benefits that are associated with the UCD ap-
proach, IDF can provide some additional benefits that
we describe next.

Focused development. IDF provides a strong orient-
ing focus throughout the development process. Much
that is critical to the success of a system can only be
detected in the field. Like other UCD methods that
gather information from the field in the early stages
of design, IDF helps identify many of these issues early
in the process. However, IDF goes further in requir-
ing developers to test the effects of design decisions
throughout the development cycle, to track how
these effects may change over time, and to make ap-
propriate adjustments. It is our experience that this
approach offers the most direct, efficient, and accu-
rate means to keep both the usability and usefulness
of the application focused on real problems and real
stakeholder values.
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Deeper and more sustained stakeholder involvement.
IDF mandates frequent and repeated episodes of
stakeholder participation. Such persistent interac-
tion strengthens stakeholder involvement at many
levels and encourages a broad sense of ownership.
As work progresses, stakeholders can see their sug-

gestions taking form in the growing system and gain
a deeper appreciation for the issues involved in sys-
tem design and implementation. This in turn mo-
tivates them to continue their cooperation with the
development team. In addition, by word of mouth
the evolving system gains visibility, and the result-
ing awareness within the organization helps recruit
new participants when needed. Enthusiasm ex-
pressed among colleagues is often more potent and
influential than accolades coming from the manage-
ment or the developers. Such stakeholder enthusi-
asm can become an important factor in a smooth sys-
tem rollout.

Early validation of problem formulation. IDF can un-
cover the need for critical and comprehensive
changes in problem formulation while at the same
time the empirical data to support such changes are
being collected. We have found that working with
stakeholders in the field during the discovery stage
can result in significant changes in the formulation
of the original problem statement. This in turn may
change what is actually built. Involving stakehold-
ers in the project and gathering data from actual use
lead to the early validation of problem formulation.

Reduced costs for marketing and support. IDF can
support and coordinate marketing activities. The IDF
proto-application, which serves as the foundation for
system development, also plays an important role as
a demonstration system for the marketing teams and
other stakeholders.27,31 A single evolving system that
fills both roles ensures a degree of efficiency and re-
source conservation. There is no danger that the de-
velopment of the actual and demonstration systems

will diverge, and hence no redundant effort is needed
to support separate systems.

Risks of IDF. Some of the risks often associated with
the UCD approach include increased cost, difficul-
ties in coping with time and scheduling constraints,
and unavailability of needed UCD skills. 12,19 IDF may
add to or exacerbate some of these risks. For in-
stance, UCD project managers typically grapple with
creating schedules that accommodate iteration and
stakeholder feedback. With IDF, this challenge con-
tinues through the lifetime of the project. Other risks
associated with IDF are described in the following
subsections.

Managing relationships with a large numbers of stake-
holders. Because IDF stresses interaction with a large
number of stakeholder groups over a protracted pe-
riod of time, the availability or relevance of specific
stakeholders may change. There are many reasons
that the availability of stakeholders may fluctuate.
Some of these are non-system issues, growing instead
from the everyday complexities of working with or-
ganizations and individuals. In other cases, the rel-
evance of particular stakeholders may change with
the phase the project is in. Nonetheless, it is wise to
keep all parties informed and aware of the project
during periods of non-involvement, even though this
adds to the communication workload.

Unrealistic expectations. The presence of an early
working system in the field can inadvertently foster
unrealistic expectations among stakeholders. Most
developers are aware that no matter how incomplete
an interactive computer-based prototype actually is,
it presents a remarkably compelling illusion of “fin-
ish,” even to experienced audiences. This illusion can
cause the audience to underestimate (or overesti-
mate) what is yet to be done and the resources re-
quired for it.

Impact on the business. Relying on an evolving sys-
tem to complete real work—of paramount value in
collecting accurate data—can present risks that fall
predominantly on the business-side stakeholders. For
instance, users may find it difficult to balance their
new roles as testers and co-designers with maintain-
ing an acceptable level of business performance. In
addition, there is the threat that system problems
could harm business productivity.

Difficulty of drawing conclusions from field data. For
the developers themselves, there is the risk of draw-
ing incorrect conclusions from observations in com-

The IDF proto-application
can reduce costs

by also serving as
a demonstration

or training system.
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plex field situations. The very richness and realistic
nature of field settings reduces the ability to control
and manipulate variables. Typically, in the field, it
is not possible to simplify the test situation to ex-
amine the causal impact of individual variables as
one does in the laboratory; hence, inferences about
causal relations are made more difficult.

How to manage risks and reap the benefits. There
is clear evidence that User-Centered Design tech-
niques, when practiced correctly, do indeed improve
the usability of resulting systems. Why then is UCD
not more ubiquitous? Some answers are obvious, e.g.,
limited budgets, time constraints, and lack of skills.
Others, such as the risks mentioned above, are per-
haps more subtle, but they also factor into why these
practices are not more widespread.

We submit that IDF is a form of User-Centered De-
sign that can minimize several of the forces working
against the general practice of UCD. By coming out
as soon as possible with a high-fidelity prototype that
remains in the field and is updated frequently, one
can create a “living laboratory.” Keeping this proto-
application in the field, even without usability experts
present, provides many advantages. It enables the
gathering of information from stakeholders who use
the system on their own. Stakeholders may also pro-
vide the development team with feedback based on
their observations of others using the installed proto-
application. In addition to providing developers with
useful feedback, this also strengthens stakeholder
buy-in and provides an easy mechanism to maintain
awareness of the evolving system. Overhead costs
related to transportation, shipping, and system in-
stallation for testing are reduced. Connecting the
proto-application to the development laboratory
makes it possible to monitor the usage and respond
to potential problems. Updates, such as bug fixes or
design changes, can be installed remotely when us-
age is low (e.g., overnight) and the system made ready
for re-evaluation.

Four systems

Below we describe four systems developed over the
last decade using the IDF approach.32

EXPO’92 Guest Services System. EXPO’92 Guest
Services System (or EXPO, for short) was an infor-
mation and services system for the 1992 Universal
Exposition, a world’s fair, which took place in Seville,
Spain.33 Starting in 1989, IBM Spain and IBM Re-
search collaborated on designing this touch-screen

system for visitors to the planned 1992 fair. The goal
was to showcase IBM technology by creating an en-
gaging and informative system for a broad, interna-
tional audience. EXPO’92 proved to be a unique liv-
ing laboratory for the IDF approach, and the result
was an award-winning multimedia public access sys-
tem.34 For the duration of the fair (April 20th to Oc-
tober 12th, 1992), over 15 million people used the
guest services system. Fiber-optic cables linked 33
kiosks to 20 pavilion restaurants and to a kiosk con-
trol center. Each kiosk consisted of seven touch-
screen guest stations, 231 stations in all. The system
functions included an interactive “electronic walk”
to explore country pavilions and navigate through
the EXPO’92 site, voice, text, and image messaging,
finger painting, the daily news, and restaurant res-
ervations. While some functions, such as the elec-
tronic walk and reading the daily news, could be ac-
cessed without logging on, more personalized
functions—such as messaging, painting, and restau-
rant reservations—required the visitors to log on with
their EXPO entrance tickets so that their data could
be stored and retrieved. The logons were essentially
anonymous in that no personal identifying informa-
tion was requested or collected from the visitor. In
a typical week, we recorded 231 000 visitors who
“logged on,” as well as the creation of 42 000 mul-
timedia messages, 126 000 video images, and over
200 000 finger paintings.

Six researchers and an equal number of IBM Spain
technical staff comprised the core of the project team,
and they received a great deal of assistance from oth-
ers at IBM, EXPO’92, and third-party companies. The
scope of the project included all phases of planning
and design (hardware and software, kiosk enclosures,
signage, operation processes, etc.), programming and
engineering, content creation, operation, mainte-
nance, and management. We developed the system
in the field over a period of three years, including
the six months of the fair itself. During the fair, sys-
tem content (news, lottery results, etc.) was refreshed
daily, functionality was added to support requests
from EXPO’92 (e.g., Pavilion of the Week, EXPO’92
lottery), and portions of the user interface were sig-
nificantly revised a number of times.

The EXPO’92 Guest Services System demonstrated
the enabling power of user interface technology in
walk-up-and-use contexts. It also laid the intellec-
tual, methodological, and technical foundation for
a number of projects at IBM Research, including the
other three projects discussed in this paper.
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Touch Illinois. During a time of high unemployment,
starting in 1993 and through 1994, the Illinois De-
partment of Employment Security (IDES) engaged
IBM to help improve the performance of their core
responsibility, returning unemployed citizens to the
work force. A main task performed in the course of
this service was establishing a person’s eligibility for
unemployment payments. This task consumed the
major portion of the staff’s time. In order to deter-
mine eligibility, IDES staff was required to transfer
information from filled-in paper forms into a main-
frame legacy system.

To address this problem, we developed Touch Illi-
nois; a touch-screen government benefits system that
enabled citizens to enter unemployment claims di-
rectly into the state’s computer systems. By eliminat-
ing the duplicate data-entry step, the new system al-
lowed the staff to spend more time helping the
unemployed find jobs. As a team of seven IBM re-
searchers and three IBM sales and services represen-
tatives, we installed the application on 25 sit-down
kiosks for the Arlington Heights office. These sys-
tems were connected via a LAN to twelve staff sta-
tions and via a server to legacy systems.

We began the iterative development by installing the
system at the Illinois State Fair and testing the user
interface, and then following up with weekly updates
and evaluations in the Arlington Heights office.
Throughout the project, we always had one or more
team members working on site. The evolving systems
were always in operation in the field in order to ob-
tain continuous stakeholder feedback. IDES office
staff participated in the project on a daily basis by
evaluating the system and by offering many useful
ideas, while the “users” were citizens filing for un-
employment benefits and searching for new jobs.

Pilot measurements indicated that citizens who used
the touch-screen systems filled out their claim forms
33% faster on average than those using paper forms
(an average of 45 minutes reduced to 30 minutes).
When the citizen completed entering his or her data,
the kiosk alerted the staff stations. This enabled staff
to work with citizens as they became ready for the
interview phase, supplanting the first-come-first-
served “deli-ticket” method previously used. The av-
erage time the staff spent with a citizen was reduced
from 27 minutes to 10 minutes.

Following the 1994 elections, the State of Illinois
changed administrations and funding for Touch Il-
linois was discontinued. The project, however, was

the foundation for a similar system, Touch Colorado,
and also served in the development of a set of “as-
sisted entry” interface techniques that were later ex-
ploited in the AutoLoan eXchange (described next).

AutoLoan eXchange. AutoLoan eXchange (or ALX,
for short), an Internet-based retail loan system, was
developed by the IBM Research Division in cooper-
ation with a major financial institution between 1995
and 1997.35 ALX, which provided on-the-spot retail
loan approvals and contracts for customers at au-
tomotive dealerships, was connected to a variety of
financial institutions and credit bureaus. Application
data were sent electronically to dealer-selected credit
sources; resulting loan decisions were returned in
minutes. The initial ALX pilot involved six dealers
connected to a single financial institution over the
Internet; an extended field study that lasted a year
included 80 dealers, four major financial institutions,
and all three major credit-reporting bureaus.

ALX was being considered as an IBM service offer-
ing, and the team quickly grew from a group of three
researchers and two account (marketing) represen-
tatives to a total of over 50 people, including re-
searchers, programmers, a technical writer, testers,
account representatives, executives, support person-
nel, and administrators. As the ALX project grew and
became a significant financial undertaking for the
stakeholders, it raised the stakes in the challenge of
making IDF work. Updates and evaluations were car-
ried out in the field every month during the proof
of concept and pilot phases, whereas during the ex-
tended field tests, the proto-applications at dealers
and financial institutions were updated approxi-
mately every three months. The longer interval be-
tween updates was necessary for formal testing, doc-
umentation updates, training of help desk personnel,
marketing considerations, and so forth. These ac-
tivities roughly followed the Spiral Development
software engineering method as described by
Boehm.36

In the pilot phase, 70 percent of loan applications
got responses in less than three minutes (compare
this with the then-prevalent turn-around times of 45
minutes to several days, even for people with good
credit ratings). Although ALX was a technical suc-
cess that gained the support of many of the partic-
ipating dealers, a business decision was made not to
pursue ALX as a service offering. Nonetheless, ALX
enabled the participants to realistically investigate
a number of technical and business opportunities in
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the emerging Internet environment and the consum-
ers’ responses to the new marketing tools.

Explore Modern Art. In 1999, the Museum of Mod-
ern Art (MoMA) in New York City engaged the IBM
Research Division to explore new ways to increase
museum visitors’ access to its collections. Like most
museums, MoMA displays at any one time only a small

fraction of their numerous collections. Between 1999
and 2002, the IBM team, in collaboration with the
curators of the Photography Department, designed
and implemented Explore Modern Art, a public ac-
cess system to help visitors gain an understanding of
art and art history while being exposed to the mu-
seum’s numerous collections. Rather than present-
ing written or audio lectures, the system represented
a tool for discretionary learning, inviting visitors to
discover concepts in art and art history themselves
through comparing and contrasting, magnifying, and
classifying works of art along various conceptual di-
mensions. Ultimately, the system included works
from the Photography, Painting and Sculpture, Prints
and Illustrated Books, Drawings, and Architecture
and Design departments.37

Four flat-panel touch-screen systems, connected to
a remotely monitored server, were first installed on
MoMA’s site in Manhattan; when the Manhattan site
closed for a major expansion, the systems were
moved to the museum’s temporary site in the bor-
ough of Queens. Explore Modern Art was designed
and implemented by four IBM researchers and three
people from MoMA, although the size and makeup
of the team evolved over the duration of the proj-
ect. The MoMA staff regularly participated in observ-
ing the users during evaluations of the proto-appli-
cation. Iterative development in the field was
conducted in all design and implementation stages
and on all aspects of the system. New versions of the
proto-application were installed (often remotely,
from the IBM laboratory) and tested as often as once
per month. As with the other systems described here,
the evolving proto-application remained in use in the
field throughout development.

Explore Modern Art generated enthusiastic re-
sponses from visitors as documented in the visitor-
comment books placed next to the user stations, and
by observations and interviews conducted on the site.
Informal evaluations provided evidence that visitors
learned complex concepts by interacting with the sys-
tem. Think-aloud protocols revealed that users en-
gaged in hypothesis formulation, testing, and refine-
ment as they went through the classification
exercises. The system appealed to visitors of all ages,
nationalities, and art backgrounds. The system was
adopted by MoMA’s education department for fur-
ther operation and development. At IBM, the “learn-
while-doing” approaches developed with MoMA are
being refined and further developed in other IBM
projects currently underway.

Guidelines for successful IDF

We draw upon our experiences developing the four
interactive systems briefly described above to offer
lessons illustrating how to carry out some of the crit-
ical activities of IDF in ways that maximize the ben-
efits and minimize the risks of IDF. The lessons, for-
mulated as guidelines, are for the most part a subset
of recommended practices of UCD—a subset repre-
senting the defining characteristics of IDF. By illus-
trating the ways in which these practices were ap-
plied in the development of the four systems, we
attempt to elucidate how one may successfully en-
gage in IDF.

These guidelines are highly synergistic, and the ef-
ficacy of any one of them is tied in a number of ways
to the others. Each of them independently—and per-
haps more important, through their interactions with
each other—contribute to many, if not all, of the ben-
efits previously described.

Find a strong champion. Finding a stalwart execu-
tive champion for the project is essential for the suc-
cess of the application development effort and vital
for the team that uses IDF. The champion must open
(and keep open) the cross-departmental channels
through which developers gain access to various
stakeholders and thus obtain, in a timely fashion, the
data that drive the IDF process. The champion’s reach
must extend throughout the corporation and beyond,
to its customers, suppliers, and business partners.
This latter requirement suggests seeking the cham-
pion in the line of business rather than in the infor-
mation technology (IT) department.

A stalwart executive
to champion the cause of the

IDF project is essential
for its success.
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In the MoMA project, the participation of the chief
curator of the Photography Department was prin-
cipal to the project’s success. His ability to promote
the project’s goals and the IDF methods unlocked
for us doors that would otherwise have remained
shut. Most important, he agreed that the optimal in-
terface and functionality could not be developed
without direct and significant involvement of mu-
seum visitors. Although among the museum staff
many were not comfortable with an unfinished, im-
perfect system out on the floor of the museum, the
champion was able to help us secure prominent lo-
cations to place and test the evolving system. Fol-
lowing the gathering of data from the field, he was
instrumental in disseminating and explaining the sig-
nificance of the data to his peers and others, thus
maintaining awareness and support across the mu-
seum.

The champion also focused on cultivating support
from a group of important, and initially skeptical,
stakeholders. He took advantage of the availability
of the evolving system on the museum site and en-
couraged curators from all other departments to con-
tribute to the system’s content as well as to the di-
rection of its development. By personally establishing
a precedent, he made it easier to engage other stake-
holders in usability testing. These types of champion-
led activities contributed to increasing stakeholder
buy-in and involvement at many levels.

When, during the discovery phase, we began to un-
derstand the motivating goals of both the individ-
uals and the institution, we were led to rethink the
museum’s original request for a visitor-accessible da-
tabase. Reasoning that the museum at large was
strongly concerned with educating in addition to ex-
hibiting, we returned with a proposal for a system
that would explore the boundaries of self-directed
learning. Our champion provided the cultural and
political guidance and behind-the-scenes support
that assured a positive reception by MoMA.

The MoMA project champion’s activities exemplify
how to lessen potential risks related to managing in-
teractions with stakeholders. He provided invaluable
guidance in dealing with large numbers of stakehold-
ers by helping us make judicious use of everyone’s
time. He helped us to not only identify the stake-
holder groups and their representatives, but also to
understand at what point in the process their involve-
ment would be most valuable. He helped fashion
group-oriented approaches to engage and sustain the
interest of large numbers of stakeholders (e.g., spe-

cial meetings and presentations, e-mail updates,
blanket invitations to events, and dissemination of
schedules for team meetings and usability testing ac-
tivities). He helped manage expectations by explain-
ing the nature of UCD and IDF and recounting the
history of the system’s growth.

Identify stakeholders and forge relationships ear-
ly; scout for new ones as sands shift. In order for
IDF to deliver on its promise of improved focus, the
team must have access to the most relevant stake-
holders at each point of the development process.
At the start of a project, it may not be clear which
stakeholders will prove to be the most important for
carrying out the iterative development process. Yet,
if the appropriate stakeholder groups and individ-
uals are not identified early, development can slow
or even stop altogether as the needed stakeholders
are sought out and introduced to the project. To
avoid this problem, we cast our net widely; when-
ever there is doubt, we err on the side of inclusive-
ness. In this way, we increase the chance that we will
have an existing relationship with the right stake-
holder when needed, and we keep open the possi-
bility of encountering unanticipated, valuable points
of view. As the project progresses through the sub-
sequent phases, the team continues to be alert to the
discovery of new stakeholder groups and represen-
tatives.

Maintaining a broad stakeholder base and network
of relationships also provides the development team
the flexibility to overcome obstacles in the accessi-
bility of specific stakeholders. Workloads are one fac-
tor influencing patterns of stakeholder availability.
It may happen that a stakeholder of only peripheral
relevance in the early stages of the project assumes
greater significance later. Stakeholders may leave
their positions for other jobs or duties, while in the
extreme, entire groups or departments might be
eliminated, redeployed, or merged. Continual inter-
action with stakeholders provides the development
team with early awareness of imminent changes that
may affect the project, thus enabling the team to be
proactive.

During the discovery phase in the MoMA project, we
spent approximately one month on location, visit-
ing the curatorial staff as well as the staff of other
departments. We roamed the galleries, observing and
interacting with museum employees (e.g., guards)
and visitors. Activities such as these laid the foun-
dation for a robust set of stakeholder relationships.
We maintained these contacts as the project pro-
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gressed and added new ones, continually evaluating
when and how to optimally draw stakeholders into
the IDF process.

As it turned out, MoMA was embarking upon a mas-
sive construction project, which began to affect our
project very soon after we first placed the proof-of-
concept system in the field. Had we not made the
early contacts with the Exhibitions Department—
the group responsible for putting up and tearing
down walls, as well as creating display areas for tech-
nology exhibits—we would not have been able to se-
cure coveted spots in the midst of high visitor traffic,
as entire wings of the museum disappeared and gal-
leries were rearranged and rebuilt. In addition, our
relationship with the IT department enabled us to
get the appropriate wiring, phone lines, and server
closets as our testing locations shifted.

Stakeholders who are neglected or left out of the
project can have a significant negative impact on an
otherwise well-planned system development project.
Touch Illinois, a project that gravely suffered from
not identifying and involving all stakeholders, clearly
demonstrates this danger. Although the project had
a powerful champion in the person of the state com-
missioner and the team did an effective job of bring-
ing the staff and management of the pilot office into
the project, the development team did not recognize
the second line of management on the commission-
er’s staff as relevant stakeholders. Well into the proj-
ect, the commissioner began a run for state office
and resigned in order to conduct her campaign. One
of her staff was appointed acting commissioner and
shortly thereafter made the decision not to continue
support for Touch Illinois. Having brought the com-
missioner’s staff into the project sooner might not
have made a difference in the fate of the project.
However, it was evident the new administration did
not share the same sense of ownership in the proj-
ect. In this case, we failed to fully carry out the pro-
cess of creating a broad stakeholder base, and as a
result, the project suffered.

What follow are some of the strategies we developed
for identifying all the relevant stakeholders and
hence minimizing the negative impacts that could
result from overlooking stakeholders.38

Explore the formal organization. In this strategy, we
identify and approach one or more people who know
the entire formal organization. Alternately, using a
tool that displays the entire formal organization, we
explore organizational entities whose functions may

be relevant to our project. Thus, one of the first ar-
tifacts we obtain is the organization chart. Not only
does this help to identify potential stakeholders (both
in their roles in the organization and as individuals),
it also reveals much about the structure of the or-
ganization and the relationships that exist within. The
MoMA organization chart, for example, revealed that
the curatorial departments operated in a highly au-
tonomous manner, connecting in the hierarchy only
at the director level.

Explore the informal organization by networking. Here,
we begin by approaching people we know and ask-
ing them to identify potential stakeholders or to iden-
tify colleagues who may be able to help do so. This
mode of inquiry can reveal the informal relationships
that are not delineated on any organization chart,
such as who has good working relationships with
whom, or where the conflicting agendas may lie. For
instance, we used MoMA’s organization chart as a
jumping-off point for an informal networking ap-
proach. Informal networking revealed that the sup-
port departments (education, publishing, registrar,
customer services) operated as integration points,
forming the threads of a virtual matrix that connected
the curatorial departments horizontally.

Draw on similar past experience. We find it worth-
while to exchange stories of past projects in which
some stakeholders were overlooked, and to consider
how we could have done a better job of identifying
those stakeholders. We may reflect on applying that
knowledge to the current circumstances, with the
goal of recognizing analogous situations. This exer-
cise can also be carried out in discussions with stake-
holders—in this case, we may tell stories about our
experiences. For example, we related the story of our
failure to identify important stakeholders in the
Touch Illinois project to our MoMA champion, hence
underlining the importance of our having access to,
and buy-in from, all groups of stakeholders.

Stage an event in the town square. In order to attract
and involve all relevant stakeholders, we may place
a working prototype in some public place visited by
stakeholders. We may also stage a real or virtual
event, such as a party, a fair, or a Web site. The ini-
tial MoMA installation is an example of this strategy.
The proof of concept system was placed in Café/ETC,
a multi-use location that everyone in the museum—
visitors and staff alike—had reason to visit. Similarly,
we took advantage of the traffic at pre-opening events
at EXPO’92 (for EXPO), and at the Illinois State Fair
(for Touch Illinois, as shown in Figure 1).
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While none of the methods described here can en-
sure that all relevant stakeholders will be discovered,
we believe that, taken together, such methods in-
crease the chances of identifying the broadest range
of stakeholders.

Manage expectations. IDF relies heavily on stake-
holders interacting with a high-fidelity proto-appli-
cation. When placed in the field, such a system may
create unwarranted expectations. First, people may
overestimate the maturity of the system. This can re-
sult in stakeholder frustration and loss of confidence
in the design team. Second, even if the stakeholders
are satisfied with the prototype, due to the speed with
which the user interface “shell” has been developed,
they may significantly underestimate the time re-
quired to evolve a fully functioning, robust, and well-
tested system.27 In order to prevent or correct such
misunderstandings, it is important to set the appro-
priate context for the particular stakeholder audi-
ence. We can do this explicitly, of course, through
discussions and presentations. We can also do it im-
plicitly, by designing the prototype in a way that com-
municates its incompleteness without hurting its use-
fulness. In the MoMA project we used both
approaches.

We held monthly design and planning meetings with
MoMA’s curatorial staff. We discussed the floor pro-

totype and the test results, we previewed functions
and changes to be installed in the next monthly it-
eration, and we discussed ideas for future iterations.
It was common for new curators and others to “drop
into” these meetings, and we soon realized that much
time was spent educating new stakeholders on the
nature and implications of the IDF method. We found
that we could make these discussions shorter and
more effective by providing a “man behind the cur-
tain” demonstration. When a suggestion was made
for a change to the prototype, one of our program-
mers would make the change on the spot. Not only
did this communicate the power and nature of IDF
directly and succinctly, but it also helped everyone
understand which types of changes were easy and
which were more involved. (This also highlights the
advantage of having implementors, not just UCD ex-
perts, out in the field.)

We took a somewhat different approach to manag-
ing expectations in the case of EXPO. Very early in
the project, we needed to demonstrate a version of
the “electronic walk” function. Because one of the
goals of the demonstration was to inspire the EXPO’92
participants to create content for the system consist-
ing of their own interactive stories, we did not want
them to perceive the demonstration content too lit-
erally and hence limit their expression (e.g., creativ-
ity, scope of ideas) or interest. To emphasize the
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evolving nature of the function, we used rough hand-
drawn illustrations and photographs of architectural
models as well as fabricated stories about an “Any-
land” pavilion in the instructional material we pre-
pared for the participants. We also included these
in our evolving proto-application, which we showed
to visiting country representatives more than a year
in advance of the opening of EXPO’92. This stand-in
content demonstrated the potential of the interac-
tive storytelling format, while highlighting work still
needed to complete the system.

Craft realistic field conditions for proto-application
development. When planning and implementing the
conditions in which we develop the proto-applica-
tion, our goal is to approach as closely as possible
the actual environment in which the system will be
deployed. In the MoMA project, for example, this
meant getting the system into the galleries. Similarly,
it was the dealer’s showroom for ALX, the govern-
ment office for Touch Illinois, and the site of EXPO’92
for EXPO.

It may be necessary—especially in the earliest stages
of development—to come up with a “next best” so-
lution. For instance, the actual field site may not yet
exist, or it may be unavailable for technical or other
reasons. In such cases, it is important to craft con-
ditions to be as realistic as possible in terms of the
target audience and the significant aspects of the
working environment. Every project presents unique
challenges and opportunities. We cannot hope to ad-
dress such variety here; instead, we share strategies
we have employed and offer some guidelines to con-
sider when field situations are designed.

Understand and respond creatively to stakeholder is-
sues. Stakeholders may hold a variety of concerns
about placing an evolving system on an actual bus-
iness site. To the developers, some of these concerns
may seem to be a matter of misperception or mis-
apprehension, while others are unambiguously con-
crete or pragmatic. Nonetheless, it is essential to re-
spond with consideration and creativity in each case.

Recall the stakeholders at MoMA who held strong
concerns about the implications of placing a “crude”
proto-application in the museum. Their concerns had
to do with issues such as aesthetics, institutional rep-
utation, and historical statement. To address those
issues, we appealed to a pre-existing concept in the
discourse of art, labeling the system as a “work in
progress,” thus creating a context for field-testing
with which they were comfortable.

More commonly, stakeholders share a fear that field-
testing will disrupt business, or interfere with bus-
iness relationships. The field site, testing methods,
and regime can and should be designed to avoid or
reduce these risks to acceptable levels. It is especially
productive to obtain the assistance of the stakehold-
ers in developing options for resolving such issues.
In the ALX project, for instance, we did not schedule
interactions with auto dealers during the last week
of a month because that was when they typically
worked overtime to meet sales quotas. In addition,
before we installed a proto-application system at a
dealer’s site, we established a series of customized
contingency and disaster-recovery plans. One spe-
cific plan entailed the creation of software that man-
aged the Internet connections of the ALX systems.
This assured that no transactions were lost or de-
layed due to problems with connectivity. We also pro-
vided an easy means to revert to the original paper-
based process at any point in the transaction. This
minimized some very real risks that otherwise might
have inhibited dealer participation.

Start small. It can be very helpful to start field iter-
ations “small” (limited in scope) and grow them over
time. This can get the team into the field rapidly,
while containing problems that may arise. In Touch
Illinois, for instance, the first field iterations were
conducted at the Illinois State Fair, while subsequent
iterations followed in the Arlington Heights office.
Similarly, in ALX, field iterations began with a single
pilot dealer and grew by one dealer at a time as new
features became available for testing. In this way,
working with seven local dealers, we brought the sys-
tem to a state of sufficient readiness to begin the
larger, national field test. It can also be useful to ar-
range a number of simultaneously active field sites.
This should be considered when there are different
field or market conditions that need to be covered,
when the development team is geographically dis-
persed, or when there is reason to believe that a par-
ticular site may become unavailable at some time in
the future. For instance, the dealers for the ALX field
test were chosen in part for their geographical di-
versity.

Different venues for different purposes. The function-
ality and user interface of the EXPO system were it-
eratively designed, beginning two years before the
opening of EXPO’92. As the site of the fair did not
exist at the time, we began testing the evolving sys-
tem in a hallway of the IBM Thomas J. Watson Re-
search Center in Hawthorne, New York (Figure 2A).
As soon as we could, we installed it in the visitor cen-
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ter on the periphery of the EXPO’92 construction site
in Seville, Spain (Figure 2D), then in a prototype
kiosk structure on the site proper. We continued test-
ing and improving the system while it was in every-
day use during the fair.

We learned critical things from the users in the field
that would have been missed had we tested the sys-
tem solely in the laboratory. As an example, we
wanted to explore what was at the time, a new touch-
screen interaction technique, “touch, slide, lift.” First,

users would touch a finger anywhere on the screen,
which caused the active areas to be highlighted; next,
they would slide their finger into a highlighted area
to get preview information, and they would then lift
their finger from the screen to make a choice. We
created a rectangular-shaped sign (visible on both
sides of the screen depicted in Figure 2A) that had
instructional graphics that included the words
“Touch,” “Slide,” and “Lift” in both English and
Spanish. When the touch-screen interaction tech-
nique was tested at the IBM location, no problems
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arose. When it was tested at the visitor center at
EXPO’92, however, we were surprised to observe one
visitor trying the touch-slide-and-lift routine on the
sign instead of the screen, showing bewilderment
when nothing happened.

We used the IDF approach not only on the EXPO ap-
plication, but also on the physical kiosk that housed
the systems. Early in the project, we built a proto-
type kiosk “station” at our laboratory in Hawthorne,
New York, and placed it in a high-traffic public area
in order to obtain feedback on the design features,
such as the angle of the touch screen, the location
of peripherals (such as card readers), and the word-
ing and location of instructions (Figure 2A). We
made visits to the EXPO’92 construction site in Seville,
Spain, and held extensive discussions with those re-
sponsible for the overall “look and feel” of the build-
ings at the fair. This led to our working directly with
a design firm in order to create a structure that would
meet our unique requirements and would conform
to the standards for the buildings at the fair. The de-
sign firm (based in Barcelona) created a model of
a kiosk that would hold seven user stations and two
servers (Figure 2B). Our experience from previous
projects led us to believe that many critical issues
would surface as the small-scale model took a more
realistic form, and we were confident such issues
could only be resolved in a full-scale prototype be-
fore beginning the manufacture of the actual kiosks.
We requested that the firm build a full-scale pro-
totype of a kiosk in their shop in Barcelona (Figure
2C), quickly followed by a complete, full-scale kiosk
on the EXPO’92 construction site (Figure 2D). Al-
though the fabrication of the initial full-scale model
in the Barcelona shop was a necessary first step, cer-
tain important issues—such as the impact of the
Mediterranean sun on the computer screens—could
only be realistically addressed on the EXPO’92 site in
Seville.

After the full-scale prototype was installed on the
EXPO’92 site, we began evaluating it. We mounted
touch screens at different heights and angles, in-
stalled lighting to determine what was required to
ensure that the video capture function could work
effectively in both bright daylight and dark night con-
ditions, and determined optimal locations for card
readers so they could be used easily by children,
adults, and disabled people (Figure 2D). This high-
fidelity prototype kiosk was located near a stop for
the tram (streetcar) tour of the construction site. Its
high-traffic location enabled us to get early feedback
from visitors, as well as construction workers, whom

we invited to try the system. This prototype was crit-
ical to our ability to solve a number of significant
“show-stopper” problems. Figure 2E shows the fi-
nal version of the kiosk in use at the fair.

Offer a reward for participation. We have generally
found that participating in iterative development and
testing is its own reward in IDF because the users in-
teracting with the system carry out tasks that are
meaningful to them. At times, however, something
more concrete may be called for to motivate par-
ticipation. This is the case when users do not expect
to use the system again (e.g., a foreign tourist vis-
iting a museum), or when a significant amount of
time and effort is required of them. MoMA visitors,
for example, who elected to spend 20 minutes with
us (often taking it from the limited time they had
available to spend at the museum), were given small
items of MoMA merchandise as a parting thank-you.
On the other hand, in ALX, the dealers and banks
had made business decisions to participate based on
a variety of motivations, such as to obtain a first-
mover advantage and to influence the system in a
way that maximized the benefits to them. In this case,
the rewards were inherent in their participation.

The initial tests of Touch Illinois at the Illinois State
Fair offered perhaps one of the greater challenges
in attracting test subjects. The fair offered the de-
velopment team access to a large number of resi-
dents from a variety of backgrounds, yet one could
not expect that many people would “apply” for un-
employment benefits at the fair. Realizing that the
basic interaction techniques (assisted data entry of
names, addresses, phone numbers, and financial in-
formation) could be tested without requiring fair-
goers to actually file for unemployment, we came up
with a creative solution. The citizens were offered
the opportunity to receive, by mail, an estimate of
their Social Security benefits. They entered their per-
sonal data using Touch Illinois, as illustrated in Fig-
ure 1. The required signature was obtained through
“finger painting” on the touch screen. An exact copy
of the Social Security Administration’s form, with
the citizen’s information in place, was then printed
on plain paper and forwarded to the government of-
fice.

Use the appropriate method for gathering data. As
discussed earlier, the fields of HCI and UCD offer a
rich collection of methods. IDF requires an empha-
sis on those methods that help move the develop-
ment forward at each iteration cycle. When work-
ing outside of the laboratory, perhaps at multiple
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sites, the method’s portability becomes a vital con-
sideration. The speed with which a method can be
applied is also of great importance, especially early
in the development cycle, when the team is focusing
on issues of overall functional design and general us-
ability. Often, at this point, the precision of a method
or its ability to generate publishable statistics is not
as important as it may become later. Lightweight,
informal, and qualitative methods have proven valu-

able in quickly and reliably clarifying the direction
of system development. Interviews, observations, and
think-aloud protocols that do not require videotap-
ing and time-consuming data analysis are examples
of techniques that fit these requirements. These
methods are employed in succession over a short pe-
riod. The convergence of different kinds of evidence
(from these various methods), pointing to the same
conclusions, is an important way to limit errors in
interpretation and causal attribution.

Immediately after installing the MoMA proto-appli-
cation in the museum, we began user observations
and evaluations. Typically, we began by observing
visitors from a distance, then approached and re-
quested permission to watch while individuals used
the system. Finally, we conducted brief interviews.
From the distant observations, we learned how peo-
ple approached the kiosks and how the system was
perceived in its physical and social context. Sitting
next to the visitors, we were able to note which parts
of the system they used and how they went about
using them. From visitors who were comfortable
thinking aloud, we gained insight into their actions.
For instance, a repeated series of actions may have
indicated the visitor was confused; in other cases,
the visitor had simply noticed something interesting
that he or she wanted to investigate. In the inter-
views, we combined preformulated questions with
questions stemming from specific actions we had just
observed. Flexibility in the choice of method enabled
us to follow up on unanticipated behavior on the spot.

We checked results of observational techniques
against the system usage logs (and the visitor-com-
ment books) in order to understand how repre-
sentative and accurate our observations were, and
conversely, to help us in future interpretations of the
logs.

As specific issues arise in the field requiring a more
rigorous approach, we may design a field experiment
with greater controls or set up an experiment in the
laboratory (making certain to evaluate subsequent
design changes in the field). For example, we ob-
served in the MoMA project that users chose to com-
pare only the artists that were at the top (the visible
part) of a long list of artists. Few users, freely en-
gaging with the system, scrolled through the list to
find other artists. To determine why this was hap-
pening, we asked them “How might you compare
the works of Adams with the works of Weston?”
Faced with this task, the majority of users selected
Adams, then looked around for Weston (not visible
on the screen) and said, “I don’t know. He’s not
listed.” They failed to detect a half-inch-wide scroll
bar on the left side of the list. Even when encour-
aged to look around the whole screen, many failed
at the task. After being shown the scroll bar, the most
frequent response was, “I didn’t see it. I’m used to
a scroll bar on the right.”

On each update of the proto-application in the field,
it quickly becomes clear whether the change was suc-
cessful. If the change does not yield the anticipated
results, it is straightforward to reconsider the issue
in the next iteration cycle using the newly gathered
data. If a particular change is expected to entail risk,
its introduction to the field can be managed in one
or more ways: separate it from other code changes
and assign it a unique iterative cycle; enable an easy
back out of the update; or limit the introduction of
the risky change to a manageable subset in the field.
For instance, in the MoMA application, because of
the modular nature of the implementation, it was
trivial to alter the top menu to disable any partic-
ular function if it was found to be problematic.

While the general spirit of iterative development in
the field is to learn from people doing their actual
jobs, it is also prudent to introduce various kinds of
“stress tests.” The most obvious of these is load test-
ing; that is, measuring the performance under max-
imum loads. Prior to the opening days of EXPO’92,
we had members of our team take positions at each
one of the seven stations in a kiosk and, at a pre-
cisely signaled moment, all of us began interacting

Early in the development
cycle, lightweight methods

are valuable for validating
the direction

of system development.
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with the system rapidly, following an orchestrated
scenario of actions.

In addition to these kinds of system stress tests,
Bødker recommends developing and testing some
“worst-case scenarios” that deal with the human as-
pects of the system.39 For instance, what happens
when the person is interrupted several times succes-
sively in the middle of an interaction with the sys-
tem? Does the system allow the person to recover
state quickly, or does it require him or her to keep
track of the state information (where the interrup-
tion occurred)? In the MoMA project, for example,
if the users stopped interacting with the system, af-
ter a pre-set interval they would be asked whether
they wished to continue. The system would main-
tain their state of activity unless they explicitly in-
dicated they did not care to continue. If they did not
respond within a certain time, the system would re-
turn the application to the starting state. This pre-
served the state for the user who wished to continue
after an interruption and reset the system appropri-
ately for a new user.

Use the right development tools and processes.
Safe and effective use of IDF requires appropriate
development tools. Choosing the right tools can
make the difference between success and failure; in-
deed the lack of appropriate tools may prevent one
from attempting this methodology at all.

The pressure to respond rapidly to the users in the
field can introduce problems as programmers has-
ten to implement changes in addition to new func-
tionality already planned. Effective tools are needed
to prevent code from deteriorating into hard-to-
maintain “spaghetti” code as layers of “temporary”
fixes are applied in succession. To support IDF, soft-
ware development tools must enable rapid iterative
changes (both large and small) while protecting the
application from unintended side effects.

EXPO, ALX, and Touch Illinois were created using
a tool base known as ITS (Interactive Transaction Sys-
tems).40 ITS, which we developed explicitly to sup-
port rapid IDF, is based on separating the specifica-
tion of application “content” from “style.” The tools
themselves served to isolate the impact of changes
in content on style, and vice-versa, making iteration
cycles relatively simple and safe. Function could be
added quickly and easily integrated because the im-
plementation of the user interface was rule-based.
After the style rules became sufficiently rich, only

minor tweaks were required for appropriate render-
ing.

Due in large part to the separation of content and
style afforded by the ITS tools, we were able to con-
tinue to improve the EXPO application throughout
the duration of the fair. For instance, at one point,
the user logs revealed that a significant percentage
of visitors who made restaurant reservations through
the kiosk were not showing up at the restaurants.
After investigating this problem, we discovered that
many visitors mistakenly thought the reservation
function was no more than some sort of interesting
game. In a matter of weeks, we made several rounds
of significant changes to the restaurant reservation
interface—without jeopardizing underlying function-
ality—until the problem was resolved.

By the time we began working with MoMA, tools and
architectures based on open standards that met many
of our requirements had become widely available.
Not surprisingly, a complete and ideal tool suite for
supporting iterative development in the field does
not yet exist at this time. Nonetheless, we have
adopted many of these new tools by taking advan-
tage of their wide availability and the ability of stake-
holder teams to support and maintain them. The
rapid progress in such supportive technologies, ar-
chitectures, and tools are continuing to make IDF
more feasible than it once was. A list of desirable
tool attributes and some technologies we have found
that possess them is discussed next.

Enabling rapid iteration while protecting the applica-
tion: As highlighted in the discussion of ITS, design-
ing an application with a modular structure helps iso-
late the implementation of different features, thus
enabling changes in one section of code without neg-
atively affecting another. Similar results were ob-
tained in the MoMA project, by implementing the ap-
plication in DHTML (Dynamic HTML) and running
it within a Web browser. The UI (user interface) was
marked up in XML (eXtensible Markup Language),41

which enabled the use of abstraction for hiding the
implementation details. We used XSLT (eXtensible
Stylesheet Language Transformations)42 to define
style rules that transformed the abstract XML rep-
resentation into HTML. CSS (Cascading Style
Sheets)43 provided fine styling control. The function
underlying the application was implemented in
JavaScript**.44 Overall, the MoMA system has a mod-
ular design; new modules can be added with little
or no impact on existing code. Changes to the MoMA
user interface involved updating the XML represen-
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tation or the CSS rules, frequently without the need
to update the Javascript code. In general, Model-
View-Controller45 designs help to separate user in-
terface code from functional code. Such modularity
also provides the ability to quickly back out from the
field code any changes found in user testing to be
problematic.

Tracking code changes. These are more traditional
tools (such as tools for software configuration man-
agement) that can track changes and, if necessary,
help back them out. Bug and feature-tracking tools,
like Bugzilla,46 can manage software bugs, enhance-
ment requests, and wish lists, allowing them to be
prioritized and making sure they don’t get over-
looked. In addition, certain programming methods
such as eXtreme Programming,47 with its paired pro-
gramming approach, can help prevent errors in de-
sign or implementation by keeping at least two pairs
of eyes on changes as they are being designed and
implemented.

Enabling remote upgrading and monitoring. In labo-
ratory situations and controlled testing environ-
ments, it is relatively straightforward to ensure that
systems perform as desired. However, when an ap-
plication is deployed in the field, the only alert that
a problem exists may be a user calling to complain.
In the case of a public access system, even that chan-
nel may not be available. In IDF, because we con-
tinuously operate and maintain the evolving proto-
application in the field, remote upgrading and
monitoring is essential. To this end, we have created
a suite of tools for remote monitoring that also pro-
vides remote upgrading and rebooting functions.

Maintaining duplicate systems. In addition to mon-
itoring, we maintain duplicate systems in the labo-
ratory that precisely mirror those installed in the
field. With duplicate hardware, software, network
configurations, and so forth, we are able to repro-
duce problems observed in the field or detected via
remote monitoring. We can then determine the prob-
lem and implement and test a fix under field-like con-
ditions. Having machines dedicated for this purpose
reduces the lag between problem reporting and fix
delivery. Teams of testers can use the duplicate sys-
tems to test new versions of code before they are de-
ployed. These duplicate systems also serve as “hot”
backups that can be immediately swapped with a field
system that fails.

Applicability of IDF

We have used IDF in various application domains.
All of these systems were created to solve actual bus-
iness problems of IBM customers. All were deployed
in environments where they supported significant

business functions, and hence we believe it is rea-
sonable to develop applications for entire lines of
business using IDF. However, because there are many
applications and environments we have not explored,
we do not claim that IDF is appropriate for all types
of system development.

There are a number of development contexts that
might reduce the efficacy or feasibility of IDF. One
example might be a development effort that entails
modifications to legacy systems. Unless sufficient
compartmentalization can be achieved, changes to
legacy system code may have a significant impact on
the business, and hence the flexible application of
rapid changes required by IDF might not be appro-
priate. In most of our work, we have avoided this
problem because we have focused either on self-con-
tained applications (such as EXPO and the MoMA
project) or on applications that interfaced with leg-
acy systems via well-defined mechanisms (such as
ALX and Touch Illinois). In addition, because we
have applied IDF to user-facing interactive applica-
tions, its applicability to the development of system
software or middleware is likewise beyond the scope
of our experience.

Size and scale issues might also pose challenges for
IDF. We have refined IDF predominantly while de-
veloping small to midsized applications; most likely
this approach would have to be modified to work
smoothly in the development of extremely large ap-
plications. Even in such cases, it may be possible to
decompose an application into parts and/or stages
to which this approach may be applied.

Although our discussion contrasted the two oppos-
ing alternatives of field-based versus laboratory-
based testing, we recognize a useful continuum be-

A duplicate system that
mirrors the one in the field

can be used to reproduce
and diagnose problems.
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tween these two extremes. In those cases where a
field situation cannot be found or reproduced, IDF
might not be a viable approach. In life-critical sys-
tems, for example, it is clearly not desirable to en-
gineer the life-threatening situation for testing pur-
poses. In such cases, field-based iteration should be
used to explore the real world context as much as
possible (e.g., environmental, motivational, and so-
cial factors) and incorporate the knowledge gained
in creating the simulated testing situations.

IDF may not be appropriate for applications that are
used infrequently, because “camping out” in the field
environment in order to observe the system being
used becomes impractical. For instance, in recent
work involving the search function on www.ibm.com,
it was not practical to go to the workplace of poten-
tial users and wait until they had the need to use the
Web site in order to observe their behavior. In such
cases, a reasonable compromise is to ask users to re-
construct a recent visit to the site or ask them to per-
form some realistic search problems. An alternative
would be to “instrument” the site in such a way that
people may be contacted remotely when they are in-
teracting with the system under development.

Beyond the characteristics of the application itself,
other factors could also limit the feasibility of IDF.
The team may not have access to an appropriate set
of tools. The development team may be operating
in an organization whose structure and procedures
are not conducive to IDF. For instance, success in
IDF depends to a large degree on having open ac-
cess to a large variety of stakeholders. In some or-
ganizations, certain stakeholders “own” the access
to other stakeholders and are able to effectively pre-
vent their involvement in the project. Another sit-
uation that would limit the use of IDF occurs where
the business plan calls for a “marketing coup” that
premature public exposure might interfere with.

Despite the above issues that might make IDF less
effective or even unfeasible, we believe there are
many development efforts that can benefit from this
approach. Our experience indicates IDF works very
well for developing small to midsized, highly inter-
active, user-facing applications, especially those in-
volving discretionary (optional) use. Researchers in
the field of human-computer interaction often se-
lect users from the target population and have them
perform tasks in the laboratory. The laboratory-test-
ing environment is that of the researcher rather than
that of the user. The social and institutional contexts
in which such testing takes place are those of the re-

searcher, and the functions tested are those that the
researcher believes to be important. Although there
are cases in which laboratory studies are an effec-
tive and efficient way to test and improve systems,
there are other situations where iterative develop-
ment in the field is a practical alternative that pro-
vides additional benefits to all parties involved.

Conclusion

In this paper we have described IDF (Iterative De-
velopment in the Field), an approach that places the
development team squarely in the middle of the us-
er’s world. It employs frequent evaluations and up-
dates to a proto-application—deployed early and left
to remain functional in the field throughout devel-
opment—as a means of obtaining maximal stake-
holder feedback to fuel the evolution of the system.
Such a process has risks, but we believe these risks
are manageable and that the benefits outweigh them.
Nielsen reports on a survey of usability experts re-
garding usability-engineering methods.6 Each
method was rated based on whether it was actually
used in a development project and on the general
impact of that method on usability. It is interesting
to note that the attributes rated as having had the
most impact roughly correspond to the defining at-
tributes of IDF.

As demonstrated, IDF is not a theoretical approach,
but one that we have successfully employed multi-
ple times in a variety of real-world settings. We have
used these experiences to illustrate guidelines for
those eager to meet the challenges and achieve the
benefits of this extreme form of User-Centered De-
sign. We hope these guidelines will help to enlarge
the community of IDF practitioners, which in turn
will provide more experiences that will help to val-
idate and improve the approach.
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