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An Introduction to This Special
Issue on Interaction Design
Research in Human-Computer
Interaction

Interaction design, as a field, has made great strides towards under-
standing and improving our interactions with technology products.
From early explorations with the Web as an interactive structure, we
now have reached the point where interaction design encompasses
understanding the behavior of many types of technology products.
The expansion of the field and associated conferences, publications,
and journals are evidence of this growth. Topics for research and
discovery include artifacts that are intelligent, autonomous, mobile,
social, and embodied: artifacts and services that exist ubiquitously
in the environment.

Design Issues last examined design research in 1999 (15:
2). In planning this issue, we noticed that, despite the fact that
many advances in design research related to interaction design
and complex technology products have occurred, few have been
published as such. Most of the published literature in this area has
been relegated to process discussions in technical conference publica-
tions. Our goal for this issue was to provide a structure for reporting
some of this new work, and to stretch the field of inquiry by focusing
on emerging themes in interaction design, models of design research,
the role of theory both in and outside of the field of design, and
communicating the methods and processes inherent in our design
research activities. We invited work that would represent how design
researchers produce knowledge that effectively contributes to the
design process, and becomes an integrating force for teams. We also
hoped to better articulate how interaction design research is differ-
entiated from the research produced by the other disciplines.

Contents of this Special Issue
In this issue of Design Issues, we present seven articles in the emerg-
ing area of interaction design research.

The editors of this special issue, Forlizzi, Zimmerman, and
Evenson write on interaction design theory. In this article, we
propose and describe a new model of interaction design research in
HCI, based loosely on Frayling’s concept of research through design.
To formalize this model, we offer four criteria for distinguishing and
evaluating interaction design research within HCI: process, inven-
tion, relevance, and extensibility.
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Fallman, provides a context for the articles that follow with
his view of interaction design theory. The author has provided a
useful framework for design research in interaction design, differ-
entiating three types of research activities: design practice, design
exploration, and design studies; and the concept of loops, trajec-
tories, and progressions for describing the development of design
research work. The article and the framework should help design
researchers to consider, and direct their work towards, industrial,
academic, and societal problems at large.

The third article, on interaction design theory and the role
of theory from other disciplines in influencing interaction design,
is by Baranauskas and Bonacin. This paper proposes a framework
for interaction design inspired by Organizational Semiotics theory.
It frames design as a social process, involving a dialogue between
problem and artifacts among the stakeholders in a design problem.
A case study brings the framework to life.

The fourth article, by Kurvinen, Koskinen, and Battarbee,
focuses on the social impact of technology in interaction design.
Three fascinating field studies focusing on mobile communications
technology use are described. The research presented in this paper
is important as a design research case, a study of best practices, and
a nascent framework for understanding reasons for and ways to
prototype social interaction.

The fifth article, by Matthews, Stienstra, and Djajadiningrat, is
both a case study and a study of how theories from other disciplines
can influence interaction design. It first provides a comprehensive
overview of issues and concepts influencing interaction design
research, with a focus on play and interactive systems. The second
half of the paper illustrates how theories can influence interaction
design research, through a case study of interactive tiles, to under-
stand the effect that such a system might have on play. In both the
fourth and fifth articles, researchers had to understand and cope with
the problems of deploying technology in real-world settings. These
articles provide invaluable guidance for interaction design research-
ers attempting to assess concepts and build theories “in the wild.”

The sixth article, by Ju and Leifer, provides a framework for
understanding how to design interactions with technology products
that require varying amounts of our attention. Cleverly using the
example of an automatic door, first made famous in the essays of
LaTour, the authors show how interactions can be developed that
demand appropriate amounts of attention, and fit within well-
defined social norms.
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The seventh article is a best practices paper by Blair-Early and
Zender. A systematic design inquiry was undertaken to discover the
essential parameters of an interface, and critical design principles for
the creation of interface designs. Integrating parameters and prin-
ciples with an understanding of users, content, and form in a particu-
lar design problem provides a roadmap for interface and interaction
design in both academia and industry.

Taken as a whole, these articles represent important themes in
interaction design, developing theories to support these themes, and
best practices and case studies to provide validity for these ideas.
More interdisciplinary collaboration is needed between interaction
designers, behavioral and social scientists, and technologists, and is
essential in advancing interaction design research both within and
beyond our field. Plenty of opportunities exist for these collabo-
rations within and outside of the lab, and in academic settings,
industrial settings, and society at large. In general, we see many
opportunities for interaction designers in any setting, and believe
that, as the landscape of interaction design research becomes more
populated with examples, the field will continue to make significant
advances.

Guest Editors
Shelly Evenson
Jodi Forlizzi

John Zimmerman
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The Interaction Design Research
Triangle of Design Practice, Design
Studies, and Design Exploration
Daniel Fallman

1. Introduction

Interaction design takes a holistic view of the relationship between
designed artifacts, those that are exposed to these artifacts, and the
social, cultural, and business context in which the meeting takes
place. While there is no commonly agreed definition of interaction
design, its core can be found in an orientation towards shaping
digital artifacts—products, services, and spaces—with particular
attention paid to the qualities of the user experience.! To be able to
deal with user experience—including physical, sensual, cognitive,
emotional, and aesthetical issues; the relationship between form,
function, and content; as well as fuzzy concepts such as fun and
playability—a number of recent efforts have been made in the direc-
tion of establishing a better understanding of the role of the user
experience in interactive systems design.

Unlike the Human-Computer Interaction (HCI) community
for instance, interaction design fully recognizes itself as a “design
discipline” in that its ultimate objective is to create new and change
existing interactive systems for the better.* There is a current plethora
of departments, groups, and multidisciplinary labs dealing with
interaction design that have their origins in such diverse places as
computer science, HCI, anthropology, industrial design, informat-
ics, and applied physics and electronics. Adding to the disciplinary
confusion, each group typically also is configured as a multidisci-
plinary team.

Since the field of interaction design currently is growing
rapidly in scope as well as importance,* both within academia and
industry, there is an increasing need to also expand, further develop,
and professionalize interaction design research. Refined models of
interaction design research; embracing both what it currently is as
well as pointing toward what it could be, arguably would be very
useful tools in this process.

In this paper, we will introduce a model of interaction
design research that has evolved at the Ume4 Institute of Design,
Umed University, in Sweden in recent years, and which currently
is guiding our interaction design research efforts as well as our
Ph.D. education. Thinking about interaction design research in the
way proposed by the model has helped us to keep up what we see
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Figure 1
The model of interaction design research
in its most basic form.

as three vital, external interfaces. First, it leads us to an interface
with industry that has facilitated long-term collaborations and an
exchange of people. Second, an interface with academia has encour-
aged staff and students at the design school—many of whom with
no previous experience as part of a research community—to travel
to conferences, workshops, and similar gatherings to meet others in
the field, thus creating and upholding a network of peers vital to the
school. Third, the model also reminds us of our interface with society
at large, helping us think about interaction design research as having
a voice in societal discussions, and in exploring and shaping possible
futures (i.e., that industrial design is in fact not something that only
concerns the industry).

2. The Model
In its very basic form, the model has the shape of a triangle. This
triangle presents a two-dimensional space for plotting the position
of a design research activity drawn up in between three extremes:
“design practice,” “design studies,” and “design exploration.”
While the actual methods, techniques, and tools being used in
these activities can be quite similar, we argue that they are primarily
different in tradition and perspective. These extremes are three differ-
ent kinds of activities that we believe establish interaction design
research as a discipline when taken together. We argue that combin-
ing these three activities (i.e., the contingency of the interaction
design researcher to take on all three perspectives) distinguishes
interaction design research from other disciplines with related
interests, including Human-Computer Interaction (HCI), Computer-
Supporter Collaborative Work (CSCW), Informatics, Computer
Science, Anthropology, Sociology, Philosophy, and so on. The basic
structure of our model is visualized as a triangle.
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2.1 Design Practice

The activity area of design practice denotes the kinds of activities
that interaction design researchers are involved in that are very
close, and sometimes identical, to the kinds of activities they would
undertake when practicing interaction design outside of academia,
such as working for a commercial interaction design organization,
a consultancy company working with client commissions, or an in-
house design department.

We encourage our design researchers and Ph.D. students
to take an active part in these practices. An important reason for
this is to try to get at the tacit knowledge and competence that are
involved in the discussions and critiques that eventually lead up to
a final artifact.

In doing so, the interaction design researcher should not be
part of the design team as an outside observer, first and foremost
a researcher, but rather be part of the design team as a designer.
The interaction design researcher thus becomes involved in actu-
ally putting things together, shaping the form of something new.’
This process calls for a certain level of participation and commit-
ment on the researcher’s part*— involvement and participation in a
team effort, and a commitment and engagement to build successful
products and services—that is unobtainable by an outside observer.’
While design practice clearly develops vital competence, tacit knowl-
edge, and expertise among the designers involved; this combination
of know-how and know-that often is confined within the individual
designer and the design team due to an oral tradition in design
work.®

In this activity area, our interaction design researchers
become knowingly exposed to the nitty-gritty of interaction design
practice, including being part of a multidisciplinary team; learning to
communicate with managers, sales people, and engineers; working
under strict and suddenly changing budget constraints; negotiating
with clients and other stakeholders; and so on. Because it’s a design
discipline, it is important to realize that activities such as these are
just as much part of what interaction design is as actually designing
something hands-on.

There is, however, a vital ingredient in the model’s activity
area of design practice that must not be forgotten for the purposes
of design research. When our interaction design researchers work in
this area, they must do so with an explicit design research question
in mind, or with the clear intent of forming such a question from
their activities. The scope of such a research question can range from
“reflective” (e.g., firsthand experience with how a particular design
technique is used) to “proactive” (e.g., pushing a research agenda,
and actively seeking to change how a specific design technique is
used). If the goal of a particular project is to design a new, handheld
control device for gaming, our interaction design researcher should
be part of that project team the same way as everyone else in the
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team, answering to the same constraints and rules as the rest of the
team; and using his or her experience and competence to contrib-
ute to a successful result. But interaction design researchers also
should have an appropriate design research question, reflecting on
the work in which they are currently deeply involved. If success-
ful, such reflection becomes an existential act that will help the field
develop a kind of engaged knowledge’ that may be inaccessible from
an outside perspective.?

What is important here is that this research question needs
not by necessity be a one-to-one match with the general direction of
the specific design project. In the above example, for instance, the
research question could be product semantics of artifacts aimed at
teenagers or strategies to involve children in user studies—but the
researcher just as easily could be interested in how a methodological
technique (for instance a particular kind of brainstorming) is used
in various stages in a design process, or the language game the
multidisciplinary team develops to communicate. If the researcher
has a proactive research agenda, he or she might employ the team
and the content of the project to experiment with a particular kind
of brainstorming. Naturally, a more active stance towards research is
followed by a different kind of collaboration; one built upon mutual
trust between the participants that may take years to achieve.

To summarize the design practice activity area, we see
that it is primarily synthetic to its character. The interaction design
researcher becomes involved and engaged in a particular design
practice, but does so with an appropriate research question in

mind.

2.2 Design Exploration

Design exploration seemingly is similar to design practice. It also is
synthetic and proactive to its character in that the interaction design
researcher is involved in bringing forth a product or a service. There
are a number of important differences, however, that separate it from
design practice, primarily due to the perspective from which the arti-
fact is being constructed. In design exploration, the most important
question is: “What if?” " As a sign of recognition, design exploration
research almost always excels in what Schon calls “problem-set-
ting,” > and Ehn  refers to as “transcendence” (i.e., exploring possi-
bilities outside of current paradigms—whether these are paradigm
of style, use, technology, or economical boundaries).

Yet another sign of recognition is the fact that the typical client
in this activity area is the researcher’s own research agenda. These
projects often are self-initiated. Design in this area typically is driven
neither by how well the product fits into an existing or expected
future market, nor based on the observed needs of a group of users.
Rather, design becomes a statement of what is possible, what would
be desirable or ideal, or just to show alternatives and examples.
Typically, work in this area also can be intended to provoke and
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criticize a current state of affairs, such as the techno-critical digital
art by Dunne and Raby." In this sense, design exploration is a way
to comment on a phenomenon by bringing forth an artifact that
often in itself, without overhead explanations, becomes a statement
or a contribution to an ongoing societal discussion. In this way, the
activity of design exploration is clearly linked to some of the ideals
of contemporary art, as well as to the interpretative attitude of many
humanities disciplines. Design exploration thus creates the necessary
space for the interaction design researcher to acknowledge and take
seriously the issues of aesthetics.

While suppressed by functionalism for decades, we believe
aesthetics to be a central concern for interaction design research.
Understanding the role of aesthetics means being able to deal
with issues of what is beautiful, harmonic, and fitting in the digital
world; using synthetic processes that deal in a holistic way with the
complex issues that make up a user experience including representa-
tion, sense perception, experience, conformance, and infringement,
to tradition and culture, materiality, and genre.” Particularly when
it comes to interaction design research, issues of aesthetics concern
not only how something looks and feels, but also the aesthetics of the
whole interaction including how something works, how elegantly
something is done, how interaction flows, and how well the content
fits in. Thus, design exploration is the activity area that allows the
interaction design researcher to work with wholes—with complete,
dynamic gestalts.

At the other end of the spectrum of design exploration (i.e.,
closer to traditional research), we have previously suggested that
there also seems to be efforts in interaction design research that
include synthetic elements as an important driving force but which,
at the same time, seem to share many of the ideals of science.’ For
instance, this is the case when the kind of knowledge and user
experience sought is the kind that cannot be obtained if design—the
bringing forth of an artifact such as a research prototype—is not a
vital part of the research process.

In summary, design exploration relies heavily on synthetic
processes, but in doing so extensively uses the theories and alterna-
tive foundations for design. Design exploration often seeks to test
ideas and to ask “What if?”—but also to provoke, criticize, and
experiment to reveal alternatives to the expected and traditional,
to transcend accepted paradigms, to bring matters to a head, and to
be proactive and societal in its expression. Often driven by ideals or
theory, design exploration provides what we see as a necessary space
for aesthetic concerns in interaction design research. The artifacts
coming out of design exploration often are societal in character, and
sometimes even subversive.
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2.3 Design Studies

Design Studies is the third activity area of interaction design
research, and that which most closely resembles traditional academic
disciplines. The overall goal is to build an intellectual tradition
within the discipline, and to contribute to an accumulated body of
knowledge. This typically involves the design researcher in analytical
work, and in taking part in and contributing to ongoing discussions
about design theory, design methodology, design history, and design
philosophy. This also is where influences from other disciplines are
most visible, for instance working together with social scientists and
experimental psychologists, and by directly referencing and adopt-
ing other disciplines’ techniques, practices, and theories. The main
arenas for this kind of work include conferences, workshops, and
other gatherings, as well as locally by organizing reading circles and
group discussions.

Most activities in this area strive to be part of “[a] system-
atic inquiry whose goal is knowledge of, or in, the embodiment of
configuration, composition, structure, purpose, value, and meaning
in man-made things and systems.” ” As such, design studies could be
seen as “the sciences of the artificial.” ** But taking off from Simon’s
suggestion that “everyone designs who devises courses of action
aimed at changing existing situations into preferred ones,” * Ehn
notes that, in order to learn what Simon has in mind with “preferred
situations,” one has to consider and integrate into any science of
design typical subject matter of the human sciences. including
issues of authority, power, control, and labor, and in what social
and historical settings a particular design effort takes place.” The
behavior of neither the individual designer nor the organization in
which a design process takes place can be suitably captured by a
science only of the artificial »

Interaction design, like all design disciplines, thus resides
in people, methods, processes, and artifacts. Activities in this area
therefore are centered on issues such as “construction as a human
activity” (i.e., the study of how designers work, think, and carry out
design activity, including the study of the methods and processes
designers use); “how designed artifacts perform their jobs” and how
they work; “the study of the artifacts that are produced” (i.e., how
an artificial thing appears and what it means),* following Cross’s
model of design epistemology, praxiology, and phenomenology.”
To this, we might also add an interest in understanding the context
of an artifact.

To summarize this activity area, we note that it, unlike design
practice, seeks the general rather than the particular, aims to describe
and understand rather than create and change, and because of that
often appears as distancing to its character rather than involving.
Design studies, unlike both other activity areas, generally strive to
form a cumulative body of knowledge.
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3. Moving In-between Activity Areas

In our use of the model, we believe the most interesting and reward-
ing results in interaction design research come not from taking a
specific position in the model, but rather from moving or drifting in
between different positions. While the actual methods, techniques,
and tools that are being used in each of these activities can be quite
similar at times, we argue that the activities primarily are separated
in terms of perspective and tradition. Thus, moving in between
different positions in the model is, more than anything else, a change
of perspective—using a different set of goggles.

Acknowledging the three activity areas of design practice,
design exploration, and design studies, and understanding how they
differ in terms of perspective and tradition, is crucial for establishing
interaction design research as a discipline. We argue that the ability
to move in between all three areas in a controlled way distinguishes
interaction design research from other research disciplines with
related interests in interactive systems including Human-Computer
Interaction (HCI), Computer Science, Informatics, Anthropology,
Sociology, and Media Studies.

We believe that being able to move in between different parts
of the model (i.e., dealing with all three perspectives and the tension
that occurs between them) also is what makes interaction design
research fresh, innovative, and unique.

To be able to discuss and elaborate further on tensions and
movement in the model, we have introduced three concepts that

Figure 2 together form a simple notation that can be used with the model:
Trajectories, loops, and dimensions. trajectories, loops, and dimensions.
Loop
.~ Design Practice Design Studies -,
Label
Trajectory
\ Dimension
Label
Design
Exploration

m Design Issues: Volume 24, Number 3 Summer 2008



3.1 Trajectories

First, trajectories refer to either sought moves or unwanted drifting
in between two or more activity areas in the model, and are drawn
as simple lines with arrows to indicate direction. Trajectories also
can take place inside of a single activity area, for instance, to indicate
subtle changes and tensions occurring in a project.

We have found the notion of a trajectory to be a useful tool for
making explicit what kind of perspective a certain project has, and
what kind of quality measures, guarantors, and stakeholders we will
face when moving in between different activity areas.

3.2 Loops

Loops, as the name suggests, are trajectories without either start-
ing or end points that move in between different activity areas. As
previously argued, loops are crucial in that they represent what sets
interaction design research apart from other research: the ability to
move freely between design practice, design exploration, and design
studies. Loops are the notation we use to think about, plan for, and
afterwards explain these movements.

As a general scheme, we set up most research efforts and
Ph.D. student projects in the form of loops in between at least two of
the activity areas. Since the activity areas denote a change in perspec-
tive more than a change in actual practice, loops should not necessar-
ily be thought of as occurring sequentially in time. On the contrary,
in a loop between design practice and design studies, for example,
the two activities often transpire and feed into each other, render-
ing them almost inseparable. In design practice, a researcher takes
part in a design practice project, typically working in a team with
industry constructing an artifact. Wearing the design studies goggles,
the researcher forms an explicit research question by reflecting on
previous experiences, issues, and challenges arising in his or her
current design practice project; and also by taking part in conferences
and workshops, reading design research literature, discussing with
colleagues, etc. With the research question in mind, the researcher is
able to put on the design studies goggles to reflect on what is going
on in the design practice project.

In our experience, explicitly drawing this complex process
as a loop in the model seems to help people realize and think about
what goggles they should be wearing and when. Similar loops can
be drawn between design exploration and design studies, as well
as between design practice and design exploration. In some cases, a
loop can cover all three activity areas.

3.3 Dimensions

A dimension is a conceptual subset of the whole model that connects
and creates a one- or two-dimensional continuum between the activ-
ity areas. Dimensions are what come to charge the whole model with
meaning by creating tension between the different activity areas.
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The Design Way.

Unlike trajectories and loops that appear inside the triangle model,
and represent our activities as interaction design researchers, we
generally tend to draw dimensions outside of the actual model to
stress that they are conceptual extremes. These end points are labeled
with descriptive words or symbols.

While obviously there are an infinite number of dimensions
one could think of, a specific issue discussed within the framing of a
specific situation within a specific project usually limits the number
of dimensions that are relevant to consider at that time. Using simple
bipolar dimensions in this way has become a way for us to work
with and charge our work with theoretical content in quite a practi-
cal way. For us, dimensions have become a very useful and powerful
tool in which to introduce design theory to the discussion in a practi-
cal, situated, contextualized, and meaningful way.

As an example, one such extreme bipolar dimension we
frequently use is between design practice and design exploration.
Here, we usually label the first extreme with a dollar sign, describing
the extreme corner of design practice—design in service of a client,
that entails a whole set of concerns and limitations ultimately guided
by how well the product performs at a specific market—and the
extreme of design exploration as a sun appearing behind a cloud—
ultimately guided by visions and ideals about how things should or
could be (i.e., design as providing an alternative future).

A similar dimension can be found between design practice
and design studies, but here between what is “real” and what is
“true.” ® Design practice is about creation and change, to make things
work and sell. To be able to do so, design practice needs to be real, in
that it must pay attention to and often adhere to commercial aspects,
cost, time to market, sales figures, other products in the market, an
existing model line, user preference, and so on. The perspective of
design studies on the other hand, again in its extreme form, is to seek
to understand, explain, and predict—ultimately directed towards
what is true, however as locally as that true may be.

A simple example may enlighten this very important differ-
ence in perspective of these two activity areas. While computer
keyboards have always used the QWERTY layout of the early type-
writers, when it was necessary to physically separate frequently used
keys to prevent mechanical jams rather than to provide efficient user
input of text. Research (seeking what is true) has shown repeatedly
that many other layout models for keyboards, such as the Dvorak
configuration, significantly increase typing speed after a short learn-
ing period. Alternative layout models for computer keyboards have
done very badly in the market, however, so designers of keyboards
(which need to be real) keep designing keyboards using the
QWERTY layout. The main point here is that it is negligence neither
on the part of the researchers nor the keyboard designers (i.e., not
knowing what is true or what is real) that is the problem. Rather, it is
a difference in fundamental perspective and tradition that sometimes

Design Issues: Volume 24, Number 3 Summer 2008



26
27

28
29

Ibid.

Pelle Ehn, Work-oriented Design of
Computer Artifacts.

Donald Schén, The Reflective Practitioner.
Donald Schan, “Designing as Reflective
Conversation with the Materials of a
Design Situation,” 3—14.

renders them incommensurable. While design studies may call
attention to the fact that alternative keyboard layouts provide more
efficient input, design practice typically needs to deal with the fact
that QWERTY keyboards are what sell.

A number of dimensions and tensions such as these arise
within the model. Some can be been adopted directly from design
theory literature, including work by Nelson and Stolterman,® Ehn,”
and Schon.® Other dimensions have been developed out of perceived
differences in world-views among designers and researchers in and
around the area, while a third source has been our previous experi-
ence in practice, research, and teaching. While far from a complete
picture, a few of these dimensions are summarized below as exam-
ples of the kind of discussion that can come out of the model:

True—Real —Possible. If design practice needs to be
concerned with what is real and design studies with what
is true, design exploration instead seeks to show what is
possible; to show an alternative future; and to transcend
current paradigms.

Judgment/Intuition/Taste— Analysis/Logic. The form given to
a specific element of, for instance, a logotype is due to the
designer’s judgment in the specific design situation—based
on his or her competence, intuition, experience, and taste—
in a complex conversation with the material.® This is quite
dissimilar to design studies, where neither decisions nor
results—at least in theory—can come from sources such as
judgment, experience, and taste. If they did, almost by defi-
nition, they would not be regarded as scientific.

Tradition— Transcendence. This dimension concerns the
tension between extending and improving already estab-
lished products or ways of working and thinking (i.e., root-
ing one’s design in an existing tradition), and exploring a
possible future by transcending (i.e., breaking down and
going beyond) the boundaries of an existing design para-
digm.

Particular — Universal —Ideal. Design practice often deals
with the ultimate particular. A specific design project has a
set of requirements and constraints that are specific to the
situation, and the outcome of the design project is a prod-
uct or service that also is particular. An interaction design
project may, for instance, result in a mobile phone that has a
particular shape, a particular name, a particular brand, etc.
(i.e., the ultimate particular). Design studies, on the other
hand, often have less interested in the ultimate particular,
but rather in what the general aspects, issues, and elements
are shared by a group, or all, mobile phones. Third, design
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exploration would be likely to pose another question
altogether—what qualities would an ideal mobile phone
embody?

Create/Change — Explain/Understand — Suggest/Provoke.
Striving to create and change implies that design practice
is a proactive activity of creation and intentional change. In
design studies, the researcher instead aims to better under-
stand a phenomenon to be able to explain and predict it.
While design practice aims to change, and design studies
aim to explain, design exploration—owing to its transcen-
dental character—on the contrary often aims to suggest
alternatives, problematize, criticize the current state of
affairs, and provoke.

Client— Peers —Critics. The role of the guarantor (i.e., the
body guaranteeing the quality and validity of the work),
typically is quite different between the three activity areas.
While design practice tends to emphasize the role of the
client and various business goals in this process, design
studies usually relies on peer reviewing to guarantee good

quality. When it comes to design exploration, the answer is
30 Olav Wedege Bertelsen and Soren Pold,
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Aesthetics,” Proceedings of Third
Nordic Conference on Human-Computer
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not straightforward. Other design fields such as architec-
ture and graphical design have recognized design journals
that publish design critiques. Such a tradition is yet to be
established in the interaction design field.*
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4. Using the Model
How can the model presented in this paper be used in practice to
stimulate reflection and discussion in the area of interaction design
research? How does it related to other models of design and design
research?

We have been using the model for a few years, exposing it on
a regular basis to all design researchers and Ph.D. students. In this
way, our use of the model has become more or less omnipresent, and
has helped to form our understanding of design research, provid-
ing us with a common ground. Some of the ways in which we have
found the model useful include:

e Discussing specific design research projects. The model also
is useful for discussing projects when the design team is
multidisciplinary, and may consist of members from collab-
orating companies and/or other academic disciplines.

e Discussing longer design research efforts. The model can be
used as a background to discuss the layout and plan of a
longer research commitment, such as a Ph.D. thesis.

e Plot a research group’s current projects. What kind of projects
are our group involved with at the moment?

Is there a clear center of gravity in any of the three activity
areas and, if so, is that a desirable situation?

e Differentiate between quality measures. Projects appearing in
the three different activity areas all need to have different
quality measures. When is a project successful? Who is the
guarantor of quality?

e Differentiate between various kinds of contributions and deliv-
erables. What kind of contributions can we as researchers
expect to give, as well as expect others to provide? What
should be regarded as satisfactory output from a given
activity?

5. Situating the Model

The model presented in this paper has evolved over a number of
years, and can be seen as an extension of our previous work and that
of others. There is a current tendency in many disciplines, and not
only the explicit design disciplines, of moving from more traditional
forms of research studies—attempting to describe and understand—
to proactive research, to strive to change and create something new.
In HCI, for example, researchers are not primarily studying the
usability of existing styles of interaction or interface solutions. On
the contrary, one of the core activities in contemporary HCI is the
design of novel technologies, often called “prototypes,” which act as
vehicles through which the researchers’ ideas for novel and alterna-
tive solutions materialize. To shed light on this tendency, we earlier
pointed out what we saw as two different kinds of conducts in HCL.
First, we suggested “design-oriented research”—where research is
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the area and design the means—as a means of producing new knowl-
edge by involving design activities in the research process. Here,
design drives and propels research. Second, in “research-oriented
design”—where design is the area and research the means—the
creation of products, and in the process answering to the problems
and real-world obstacles one encounters, is the primary objective.
Research is what drives and propels design.”> While this model
sometimes has been interpreted in such a way, we never intended it
to provide anything like a complete picture of a preferred situation
when it comes to design research. On the contrary, it was meant to
be a concrete tool to suggest, analyze, and discuss what appeared
to be two competing and sometimes incommensurable traditions
within the field of HCL

There are a number of other models of interaction design and
design research to which the model presented in this paper needs
to be compared. While there is not space here to comment on all in
detail, a few of these need special attention. We already have briefly
mentioned Cross’s* classification of design research as being primar-
ily concerned with the three categories of “design epistemology,”
the study of how people design; “design praxiology,” the study of
design methods, techniques, and processes; and “design phenom-
enology,” the study of the artifacts that come out of design processes.
Several other models try to deal with the different kinds of inquiry
that seems to exist in design research; acknowledging that design
research seems unusual in being understood both as an intellectual
discipline as well as an applied discipline. Friedman® suggests four
areas that a progressive design research program needs to address;
the philosophy and theory of design, research methods and research
practices, design education, and design practice. In his overview
of design research, Roth* discloses some of the different kinds of
inquiry that seem to exist in design research from the very concrete
and specific to the more conceptual, theoretical, and even philosophi-
cal and contrasts the use of qualitative and quantitative approaches.
Buchanan’s* classification scheme includes what he calls clinical,
basic, and applied design research. Sato* notes that the interest of
design research is twofold—in understanding the acts of design, and
in understanding the subjects of design.

With the exception of these models and a few others, one
of the largest current problems in design research in general—and
possibly interaction design research in particular—is its failure to
develop strong models (i.e., sustainable theory out of its own prac-
tice). Especially among designers, there sometimes is a tendency
to place design on an equal footing with research (i.e., to say that
design practice is more or less the same thing as research, and thus
that such things as traditional theory construction in the field are
not really necessary.

In relation to our model, the tradition and perspective of
Cross’s categories belong to the design studies activity area, since
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they are describing their character, and suggests the research take
on an observer’s perspective. Some of the other models acknowl-
edge the role of practice, but tend to regard design practice in terms
of the clients of design research. In contrast, our model suggests
that an important part of the design research process is allowing
the researcher to change roles and perspectives (i.e., to step out of
the scientist’s view from nowhere).” Notwithstanding the need for
proper studies in the categories above, we believe that allowing
first-person perspectives to enter design research has the potential
to provide findings unattainable with only an outside perspective,
and thus add significantly to the overall quality and the relevance
of design research.®

While most of the above-mentioned models point out the
dialectics between what we call design practice and design studies,
few seem to appreciate the third end of our triangle, design explora-
tion. In contrast, we believe that the aesthetical and transcendental
concerns this end of the spectrum represents are central in under-
standing design research, perhaps especially so for interaction design
research because of its sometimes close resemblance to other, seem-
ingly similar areas of research, such as HCI.

Furthermore, the efforts in the activity areas of design
exploration and design studies reveal things about the nature
of interaction design that appear to be unattainable from within
design practice, since they provide alternative ways of approaching
knowledge construction, ask a different set of questions, and give
the design researcher very different perspectives. Taken together,
however, we argue that thinking about research in interaction design
in terms of going back and forth in between the three activity areas
presented above provides some initial steps towards separating
interaction design research from other kinds of research in the
neighborhood of designing interactive systems.

6. Conclusions

Our model’s emphasis on interaction design as a design disci-
pline accentuates the importance of incorporating and addressing
typical design questions such as the role of the client, the parallel
emergence of question and answer, aesthetical issues, and design
as about presenting possible futures into the scope of interaction
design research.

One of the most rewarding effects of the model has been the
way it has helped to establish a kind of pidgin language (i.e., steps
towards a common ground) in our organization around issues of
research in interaction design; inclusive of some kind of agreement
about interaction design research means to us; why we have it; and
what it could be. For us, this model has made people talk, challenged
preconception, helped us see things, and stimulated discussions.

To conclude, we argue that a somewhat greater benefit of
using this model is that it supports the three vital interfaces that we
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see as central to interaction design research, and that helps to distin-
guish what is unique about interaction design research compared to
other communities of practice in and around the area of interactive
systems design.

First, the activity area of design practice provides the “inter-
face towards industry.” This interface recognizes and acknowledges
long-term collaborations, joint projects, and the exchange of people
between interaction design research and industry. It also is important
because it directly links interaction design research with industry-
relevant questions and concerns. This interface thus increases the
chances of upholding and starting new collaborations; finding new
industry partners through a larger network of contacts; the oppor-
tunity for industry-financed doctoral students; and as an aid to
students in finding external exam projects, internships, and eventu-
ally jobs in industry.

Second, the activity area of design studies provides “an inter-
face towards academia.” Conducting work in this area means build-
ing an academic and intellectual tradition within the organization.
This entails making space for reflections in some kind of structured
way on one’s activities; organizing reading circles and seminars; and
opening up arenas for theoretical, methodological, and philosophical
discussions to take place—as well as traveling to conferences, work-
shops, and similar gatherings to meet others in the field; to learn
what is new and coming; and to uphold a network of contacts and
peers. Naturally, this interface also is where influences from other
disciplines enter into the field. The interface towards academia thus
grounds interaction design research within the larger topology of
research disciplines.

Third, design exploration provides “an interface towards soci-
ety at large.” Based on our experience, there appears to be inherent
power in materializing or “thingifying” one’s ideas, sketches, and
thought experiments into dynamic artifacts, whether or not these
turn out to be products, services, or spaces; and communicate these
not only to academic groups and industry, but also to use whatever
channels are available to become a voice in societal discussions and
thus in shaping the future.
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Introduction

In recent years, a number of academic institutions around the world
have worked to integrate design practice and thinking with engi-
neering and behavioral science in support of Human-Computer
Interaction (HCI) education and research. While the HCI commu-
nity generally has been enthusiastic about the benefits that design
can bring to this developing interdisciplinary field, tension exists
around the role of design in research, because no agreed upon model
for a design research contribution exists. Over the last three years,
we have undertaken an inquiry to understand the nature of the
relationship between interaction design and research in HCI, and to
discover and invent methods for interaction designer researchers to
more substantially collaborate and contribute to HCI research.

Through our inquiry, we learned that many HCI researchers’
commonly held view of design is focusing on the surface structure
of products. This echoes Blevis et al’s claim that most people in the
world view design as adding decoration.! This limited view of design
makes it difficult for HCI researchers to articulate how they would
like designers to participate in research. In addition, the interaction
design community lacks a unified vision of what design researchers
can contribute to HCI research, and to interaction design at large.
The current lack of design participation in HCI research represents
a lost opportunity to benefit from the added perspective of design
thinking in a collaborative, interdisciplinary research environment.
The HCI research community has much to gain from the addition
of design thinking; a design perspective that employs a holistic
approach to addressing under-constrained problems, and that adds
a needed counterpoint to the reductionist approach favored by the
scientists and engineers.

To address this situation, we have developed a new model
of interaction design research in HCI intended to allow designers to
participate more evenly. While this is not the only way for designers
to participate in HCI research, we wanted to create a method that
allowed designers to make a design contribution without imitating
the methods of other disciplines. Our model builds on Frayling’s?
idea of “research through design,” stressing how interaction design-
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ers can engage wicked problems.? In addition, we also have created
a set of criteria to evaluate this type of research contribution. This
approach stresses a transformation of the world from its current
state to a preferred state through the creation of design artifacts that
provide concrete framings of messy problems. In addition to bring-
ing design thinking to HCI research, this model offers an easy way
to transfer research findings to the HCI practice community.

In the next section, we present a brief overview of the evolv-
ing relationship between design and HCIL. We then present five
models of design research that currently exist within HCI. And we
present our model, which is intended to complement, rather than
replace, currently existing models. Finally, we provide a set of four
criteria for those in the community to evaluate an interaction design
research contribution that follows this model.

The History of Design within HCI

The field of HCI emerged out of collaborations between psycholo-
gists and engineers.* Early contributions such as the Differential
Analyzer, a large-scale log computer that used mechanized pens
to output text, provided feedback from the computer that people
could more easily understand and process. The PDP-1, an indus-
trial computer featuring a display for feedback and a keyboard, light
pen, and paper tape reader for input also was an advance, fram-
ing the interaction in terms of both input and output. Englebart’s
invention of the mouse—a graphic input device that remains the
standard today—and Nelson’s early work in the area of hypertext
both brought consideration of the human into computing. These
key advances in humanizing the interaction between people and
computers created the first opportunities for the HCI community to
consider the need for collaboration with designers.

Early HCI researchers and developers recognized a need to
distinguish interfaces for programmers, used to develop and test
an application, from those for users, needed to understand how to
operate the application. The issue of how people would access and
control early computers created the first opportunities for design
where the term “design” was used synonymously with usability
engineering: “... the process of modeling users and systems and
specifying system behavior such that it fitted the users’ tasks, was
efficient, easy to use and easy to learn.”* This emerging focus on
users as separate from developers and operators created an oppor-
tunity for cognitive psychologists to play an increasingly important
role. Stu Card and Tom Moran’s The Psychology of Human-Computer
Interaction summarized the literature on human information process-
ing, and offered a model of human processing that could be applied
to predict how people would both learn and efficiently interact with

interfaces.
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In the late 1970s, when command line interfaces were stan-
dard, the first notions emerged that some user-oriented design
principles might be applied to the design of the screen.” At this
time, design guidelines and style guidelines gradually emerged.
This advance helped the computer move more rapidly into work
environments, and shifted the use of computers from an operator
model with a focus on making a machine work, to a worker model
with a focus on using the computer as a tool to get work done.
This transition created a need for anthropologists to join in the
HCI collaborations. HCI researchers and developers needed their
skills at understanding the culture of the office environment to help
inform the design of computing systems that could be successfully
integrated into office culture and work practice. The interpretive
methods used by anthropologists provided the first example of
nonscientific research in HCI. However, the kind of research contri-
butions anthropologists can make have been limited by the research
community. In general, anthropologists must frame their research in
terms of implications for the design of technology instead of implica-
tions in terms of theories of human behaviors.*

The invention and rapid acceptance of graphical user inter-
faces helped to increase the role that designers, particularly graphic
designers, played in the HCI community. This advance made the
computer much more accessible to people, helping the computer
spread from the office to many other contexts. Suddenly, many HCI
practitioners found themselves working with designers; however, the
two groups had radically different ways of approaching problems.
Jonas Léwgren coined the term “creative design” to distinguish the
ideation and problem-framing used by designers from the engineer-
ing approach of developing to a predefined specification.’ In creating
this term, he argued for a culture change to allow the benefits of
design thinking to have a greater influence on the design of interac-
tive products.

The next huge advance for designers undoubtedly was
the emergence and meteoric acceptance of the World Wide Web.
This huge collection of interconnected pages that included links,
buttons, dropdown menus, applets, and multiple paths through a
given set of information required the skills of information designers
and newly minted interaction designers. Within a few years after its
invention, almost all companies felt the need to have a digital pres-
ence on the Web, creating huge opportunities for designers to apply
their communication skills. At first, much of the content on the Web
consisted of print material simply ported to an electronic form. But
fairly quickly, entirely new classes of applications and interactions
emerged such as online shopping, online banking, project pages
for coordinating work activities at multiple locations, wikis, social
networking applications, etc. Today, almost all HCI practitioners find
themselves working collaboratively with designers in the develop-
ment of digital products and services.
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Recent developments in mobile computing, contextually
aware devices, and intelligent environments have given weight to a
transition from the HCI's early obsession with usability to the social
and emotional impact products have, and their ability to improve
people’s lives. This new design space, often referred to as “experi-
ence design,” has helped to increase the influence of designers in
the HCI product development process. Designers are increasingly
playing a more important role, as witnessed by new academic
conferences and publications focused on design and interaction
design in HCI, an increasing number of advocates for design within
the HCI community, and the movement to integrate design into HCI
education.

Models of Design Research in HCI

While the role of design continues to increase in the HCI practice
community, design as a research discipline has had less impact.
Today, five distinct models of design research are known in the HCI
research community: project research, design methods, pattern find-
ing, design as research service, and critical design.

In casting HCI as a design practice, Daniel Fallman created
the term “research-oriented design” to describe the upfront
research HCI practitioners and interaction designers do to inform
their design process.” This term describes the user-centered design
approach generally applied in HCI practice through methods such
as contextual inquiry," or in the construction of personas.” Similar to
Buchanan’s idea of “clinical design research” ** and to our previous
work on opportunities for design cases to produce knowledge, this
type of research in the HCI community is limited to the ethnographic
styled or participatory work done before the design of any artifacts.
While the HCI research community understands this model, it is
viewed strictly as design practice, and not considered a research
contribution because the focus is on the development of a commer-
cial product, not the production of knowledge.

Probably the most recognized model of design research by
the HCI research community is the development and evaluation of
new design methods intended to improve the process of develop-
ing interactive products. Examples include methods for the upfront
research in a design case such as contextual inquiry and the personas
mentioned above, and the increasingly popular cultural probes;
methods intended to increase empathy between designers and
users including bodystorming ' and experience prototyping; " and
methods intended to extend the creative ability of designers such as
interaction relabeling * and transfer scenarios.” An important role for
design researchers to play is in the development of new methods.
However, this method represents the only research contribution most
HCI research venues will accept for publication, and thus severely
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limits opportunities for designers to participate in HCI research. It
does not facilitate the application of design thinking to the problems
faced by the HCI research community.

Recently, the HCI research community has recognized the
use of pattern languages as an area of design research.” This inter-
est stems from the tremendously popular 1995 book Design Patterns:
Elements of Reusable Object-Oriented Software, which documents
a small set of software development design patterns commonly
found in object-oriented programming.? In general, this topic has
been explored as a design method with researchers investigating
how to best apply it in the interaction design space.”” In addition,
researchers have engaged in pattern finding. For example, they have
documented the emerging patterns and documented these in a book
to aid practitioners in the design of Web sites.?

Recently, HCI researchers have been exploring how design
patterns can be extended to become pre-patterns.* One of the
challenges in the interaction space is the rapid emergence of new
classes of products and services such as smart environments and
mobile computing. Generally referred to as “ubiquitous comput-
ing,” researchers have explored the development of pre-patterns,
indications of the emergence of design patterns by examining proof
of concept prototypes. Designers using these pre-patterns to inform
designs in the ubiquitous computing space have found that they
help to reduce usability problems.” This work of pattern finding
represents a connection between design research and HCI research,
but the practice of pattern finding does not in itself require expertise
in design thinking.

For many years, industrial research labs have employed
interaction designers to work in the service of researchers. Designers
work on research teams, engaging teammates in problem-framing
exercises to help the team to both ground their research in terms of
user needs and to frame the research around a preferred state it helps
to achieve. In addition, designers working on these teams develop
prototypes intended to communicate the value of the research contri-
bution to stakeholders such as other researchers, product managers,
and executives within the company.®* At the CHI conference in 2006,
the premiere venue for HCI research, one paper argued that design-
ers working in this capacity employ a process of rationale judgments
in contrast to the belief that designers employ “black magic.” ¥ The
intention was to convince researchers that bringing designers into
a research project would not corrupt the contribution. While recog-
nized as a role that designers can play in HCI research, the work
really is more about bringing design practice into HCI research, and
does not provide an opportunity for designers to shape and drive
the focus of the research.
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Finally, critical design, where design researchers play the
role of a social critic, recently has gained a foothold in the HCI
community.?® Designed artifacts such as the Drift Table, a coffee table
designed to support interaction where the designers have purposely
avoided specific tasks a user might complete, work to expose the
HCI community’s obsession with task-specific work.” While critical
design projects traditionally have had little success in gaining access
to mainstream HCI research publications, recently some have had
success framing themselves as research methods to gain insight into
how end-users will react to technology.

These current research models provide some opportunities for
design research in HCI practice, but few opportunities for research
collaborations in the HCI research community. In addition, these
models, with the exception of critical design, do not allow designers
to participate from their position of strength, from their application
of design thinking; to address problems and frame problems.

A Model of Interaction Design Research within HCI

Based on our synthesis and analysis of the literature review
presented in the previous section, and on an iterative process of
design and evaluation with researchers in HCI, we have developed
a new model for interaction design research in HCI that advances
Frayling’s “research through design” concept.® In following this
model, interaction design researchers focus on making the right thing;
making transformative artifacts that move the world from the current
state to a preferred state. The model depicted in Figure 1 shows how
interaction design researchers engage wicked problems found in
HCI. These problems arise from groups of phenomena, rather than
single phenomenon in isolation. They have too many dynamic and
interconnected constraints to accurately model and control using the
reductionist approach found in science and engineering. Instead, our
model asks researchers to select the appropriate placements:* lenses
through which to view and constrain the problem, and with which
to construct transformative artifacts. This model, with its focus on
artifacts, builds on Cross’s concept of design knowledge residing
in the product.” The artifacts generated during interaction design
research represent a specific framing of the problem, and are situated
among other research artifacts that may require different lenses for
approaching the problem. The artifacts serve as catalysts for contin-
ued discourse in the community. After a series of artifacts have been
generated, they can be analyzed in order to understand approaches
that have been taken in addressing common problems. Ultimately,
patterns begin to emerge from these artifacts.
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A model of interaction design research in HCI.

33 Tim Oren, Gitta Salomon, Kristee
Kreitman, and Abbe Don, “Guides:
Characterizing the Interface,” The Art
of Human-Computer Interface Design,
Brenda Laurel, ed. (Reading, MA:
Addison-Wesley, 1990), 355~ 365.

Our model allows interaction designers to integrate “true”
knowledge in the form of models and theories from human scien-
tists with “how” knowledge in the form of technical opportunities
demonstrated by technologists. Design researchers perform explo-
rations in the wild, grounding their explorations in “real” knowl-
edge. Through an active process of ideating, iterating, and critiquing
potential solutions, design researchers continually reframe the prob-
lem in their attempt to make the “right” thing: a concrete problem
framing and articulation of the preferred state.

The HCI community can benefit from a research through
design approach in a number of ways. First, this type of research
can provide engineers with information about what to build. Second,
it can provide human scientists with indications of where impor-
tant gaps exist in their theories and models. Apple’s Guides project
provides an example.® In this project, researchers wanted to address
the emerging problem of navigation in large, multimedia databases,
so they constructed a full system that used black-and- white images
of characters from different historic periods to work as visual naviga-
tional guides for users. However, when they evaluated this system,
they noticed that people interpreted the content not as encyclope-
dia content, but as the opinion of the visual guide. By focusing on
the construction of the whole system, the researchers identified an
unanticipated social effect for the behavioral community to explore,
and provided motivation for the engineers to construct systems that
could support embodied computer agents.
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The artifacts produced by this model are concrete embodi-
ments of theoretical and technical opportunities. They also serve as
channels for the transfer of research knowledge to the community of
practice. For educators, artifacts serve as ways of helping students
understand how design activity unfolds. In design research, artifacts
describe a vision of what might be; increasing the chance of knowl-
edge transfer to the research, practice, and education communities.
Artifacts teach the practice community how to more easily observe
the value of different theories, models, and technology; and this can
motivate them to follow the threads back to the original research that
might most impact their work.

Our model adds an additional method to the five design
research roles described above that is particularly suited for inter-
action design researchers working in HCI research, and allows
design researchers to work more as a collaborative equal with other
HCI researchers. An obvious criticism of this model is how design
researchers using it can distinguish their contributions as research
and not as practice. This is a concern raised by Nigel Cross, who
does not consider normal works of practice to be research contribu-
tions.*

We differentiate research artifacts from design practice arti-
facts in two important ways. First, the goal of interaction design
research is to produce knowledge for the research and practice
communities, rather than make a commercially viable product.
Therefore, research projects that take this research through design
approach will likely de-emphasize certain perspectives in framing
the problem, such as the detailed economics associated with manu-
facturability and distribution, the integration of the product into a
product line, and the effect of the product on a company’s identity,
etc. In this way design researchers focus on making the right things,
while design practitioners focus on making commercially successful
things.

Second, research contributions should be artifacts of inven-
tion, representing novel integrations of theory, technology, needs,
and context rather than incremental modifications to products
that already exist in the research literature or commercial markets.
Novelty makes particular sense in the interaction design space of
HCI. Meteoric technological advances in hardware and software
result in aggressive invention of novel products in HCI and inter-
action design domains that are not typically experienced in other
design domains. For example, while appliance designers might find
themselves redesigning a refrigerator to meet the changing needs of
a family, interaction designers more likely would find themselves
inventing whole new product categories to serve these families.

Our model of design research allows interaction design
researchers to excel at studying the world and making artifacts
intended to affect change. It represents a new channel to illustrate
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how the power of design thinking can be used in a research context.
As a result, design researchers make their own revolutionary contri-
butions, rather than copying the methods of other disciplines as a
means of justifying a research contribution.

Criteria for Evaluating Interaction Design Research within HCI
We have illustrated how the research through design approach is a
viable means for making contributions to the evolving landscape of
design research. Yet within the interaction design and HCI research
community, we have yet to agree upon a standard for what research
through design is, or what might comprise a high-quality contribu-
tion. As a result of our research, synthesis, and analysis, we propose
a set of criteria, or lenses, for evaluating a research contribution
in interaction design. These are process, invention, relevance, and
extensibility.

Process

The design process is a critical element in judging the quality of an
interaction design research contribution. Simply stated, reproducing
the same design process cannot be expected to produce the same
results. This idea has been discussed in the domain of interface
design and software engineering, where the process of undertaking
interface design is likened to craft.” Rather than replicability, part
of the evaluation of the work is to understand the rationale for the
selection of given methods, and the rigor with which these methods
are applied. Therefore, when interaction design researchers docu-
ment their methods, they must do so with enough detail so that a
particular design process can be replicated. In addition, a rationale
should be provided for why specific methods were selected and
used.

Invention

A significant invention must be discovered as an outcome of the
interaction design research. Invention is defined as addressing a
specific situation through a novel integration of subject matters. In
articulating a contribution as an invention, the interaction design
team must undertake an extensive literature review, and discuss in
detail how advances in technology contribute to the invention. It is
here that details about technical opportunities are communicated to
engineers and computer scientists in the HCI research community,
providing information and guidance on what to build.

Relevance

While scientific research has a focus on validity, interaction design
research has a focus on relevance. In engineering, validity often
takes the form of a clear performance increase or in the technical
functionality of a contribution. In human (behavioral and cognitive)
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science, validity takes the form of an experiment that disproves the
null hypothesis. In both cases, work is archived in a way that peers
can reproduce both methodology and results.

However, this approach makes less sense for interaction
design’s research through design approach. As stated earlier, there
can be no expectation that two interaction designers who have
been given the same problem will produce identical or even similar
outcomes. Therefore, relevance, rather than validity, is the second
criteria for interaction design research. Validity constitutes a shift
from what is true to what is real, signifying that the work is framed
and conducted within the messiness of the real world. Additionally,
interaction design researchers should articulate why the outcome of
the work is a preferred state, and provide information to help the
HCI community understand why this is so.

While many contemporary design research contributions
follow a research-through-design approach, they neglect to charac-
terize the outcomes in terms of relevance. Often, the motivation for
their work, the detail on the current situation, and information on
the preferred state of the world are missing. Without these critical
components, a research through design approach appears to be self-
indulgent; taking the form of a personal exploration that informs
the researcher, but cannot inform the research community and the
world at large.

Extensibility

“Extensibility” is defined as the ability to build on the resulting
outcomes of the interaction design research. For example, the
community may leverage the knowledge created by the resulting
artifacts, or the process employed may be used again for a future
design problem. Extensibility means that the design research has
been described and documented in a way that the community can
leverage the knowledge derived from the work.

Conclusion

The landscape of design research is changing, and interaction design
research in HCI is undergoing a transformation. In this essay, we
have presented our efforts to explore and advance knowledge about
research in interaction design as it relates to human-computer inter-
action. Our work has resulted in a new model of interaction design
research within HCI, and a set of four criteria that help evaluate what
constitutes good interaction design research.

We hope that our model will provide several benefits to both
the HCI and design communities. For the HCI community, the model
provides a way for engaging with messy (or wicked) problems that
are not easily addressed using traditional science and engineering
methods. Hopefully, use of the model will motivate new research
by highlighting both technological opportunities and places where
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gaps in theories of human behavior exist. For the design community,
the model articulates how interaction designers can make research
contributions through reframing problems and making innovative
artifacts.

Our hope is that, through proposing this model, we can add
to the growing number of ways to discuss design research, and to
continue a much-needed discussion of the role of design thinking
and interaction design research in HCL
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Introduction

Different disciplines have different concepts of “design,” so our
understanding of design varies according our particular field.
The development of the design concept in the Human-Computer
Interaction (HCI) field has inherited approaches, methodologies,
and theories coming mainly from Information Systems (IS), Software
Engineering (SE), Behavioral and Social Sciences and, more recently,
from Design Studies. The rationalist tradition has dominated think-
ing regarding the design of interactive systems in the Information
Systems and Software Engineering fields. As discussed by Ehn and
Lowgren,' the first approaches to IS development can be character-
ized by a strong belief in systematic design methods founded in
mathematical-logical theories. Research interests in accuracy and
technical control guided these approaches. The main assumptions
behind them, as suggested in some methods of SE, seem to be that
the users (end-user, client, customer, stakeholder, or problem owner)
are supposed to give complete and explicit descriptions of their
demands in terms of the system to be developed.

Within the rationalist view of IS development, reality is
objectively ascertained, is the same for everyone and is composed
of entities, their properties, and relationships. Data is understood
as a means of representing the truth about reality, and truth is the
correct correspondence between some real entities. An information
system is a kind of “plumbing” system through which data flow
and, within this perspective, the role of the designer is to specify the
truth data structure and functions of the system needed by users.?
According to this view, interface design is just a matter of providing
access to the underlying system functionality.

In the 1990s, this picture changed and one of the major
sources of inspiration was the theoretical discussion on the actual
nature of the phenomenon of designing computer artifacts. A refram-
ing of the rationalistic understanding of computer systems started
to consider reality as a social construction based on the behavior of
its participating agents. Within this view, the role of the designer is
to assist users to articulate their problems; discover their informa-
tion requirements; and evolve a systemic solution. In other words,
“design” is understood by Winograd and Flores,* and Adler and
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Winograd,* as: “... the interaction between understanding and
creation.” In designing a system, the focus is on concerned involve-
ment rather than on correct descriptions.

In recent years, there also has been a growing interest in the
HCI community to think about the development of usable systems as
design work.® In this work, we will discuss the shift from a rationalis-
tic perspective to the inclusion of interpretative, social, and commu-
nicative aspects in designing interactive systems. This position
draws upon concepts from Organizational Semiotics (OS) to set up
an appropriate foundation for understanding this view of “design”
and for it to be reflected in the design of interactive artifacts.

Organizational Semiotics is a discipline that explores the use
of signs and their effects on social practices. OS understands that
each organized behavior is affected by the communication and inter-
pretation of signs by people, individually or in groups. We base our
work on Stamper’s school of OS,* which proposes a set of methods
to deal with information and information systems in a balanced way,
taking into account both the technological issues and the human
and social aspects of information resources, products, and functions.
OS sees informatics from a social angle. We argue that OS provides
artifacts that embody knowledge, and support collaboration and
reflection among people from the different disciplines involved in
interaction design.

This paper facilitates theoretical discussion as well as practi-
cal issues on interaction design, proposing a framework in which
we have articulated ideas coming from semiotics to conduct work
in interactive system design. A brief report on a case study related
to the context of Computer-Supported Collaborative Work illus-
trates our proposal. The paper is organized as follows: we start by
conceptualizing design and discussing paradigms that have been
the background for interaction design. Then we situate the current
understanding of interaction design, as compared to the main
approaches of HCL. In the subsequent sections, we present a frame-
work for interaction design inspired by Organizational Semiotics,
and illustrate its application in a real design situation. Finally, we
discuss the main contributions.

Design: Concept and Paradigms

The word originates from the Latin designo meaning to mark out,
trace, plan; and also to point out, indicate, signify; to portray; or
delineate.” In the context of the applied arts, engineering, and archi-
tecture; design is both a noun and a verb. Design as a verb is the
process of originating and developing a plan for an aesthetic and
functional object, which usually requires considerable research,
thought, modeling, iterative adjustment, and redesign. The noun
is used both for the final plan of action (a drawing, model, or other
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description), or the result of following that plan of action (the object
produced).® Design, ambiguously signifying both process and prod-
uct, is a term that has been used to include not only the design of
physical objects, but the entire range of artifacts made by human
beings: from buildings to organizations, behavioral worlds, and
theoretical constructs.’

Fallman  presents an attempt to conceptualize what the
discourse of design is and what designers do when they design.
The three accounts for design, which he names the “conservative
account,” the “romantic account,” and the “pragmatic account,” are
useful to situate our understanding of designing interactive systems,
and to frame our approach to design.

In the conservative account, “design is thought of as a scien-
tific or engineering endeavor; borrowing methodology and terminol-
ogy from natural sciences, mathematics, and systems theory, drawing
on a philosophical base in rationalism.”" A widely held model of the
design process in the conservative account comes from Simon,? and
Newell and Simon.” Simon has proposed a view of design as a prob-
lem-solving process he characterized as a “science of the artificial,”
distinguishing it from the natural sciences. In his model of design-
ing, he proposes a division of the design process into generation and
selection, considering generation either as a random combination
of given elements, or as a systematic search of a problem space.
This model of designing had profound impact not only on theories
specific to the design professions, but on other theories built on the
design metaphor, such as those in the fields of psychology, sociology,
and economics, and very strongly in computer science.

Within the conservative account, a design methodology
movement raised by the works of Alexander™ and Jones " abstracts
the design steps into two major processes: an analysis of the problem
and a synthesis of a solution. During analysis the ill-defined and
unstructured problem, domain is decomposed into more manageable
constituents. In the synthesis stage, the designer constructs a solution
to the overall design problem by solving each part of the problem
constituents found during analysis.

The design of interactive systems, viewed from this account,
is supposed to progress gradually from the abstract requirements
specification to the resulting artifact: the computer system. The
conservative account assumes that there is a problem to be solved,
and that the descriptions of this problem can be comprehensively
and accurately produced in the form of a requirements specification
to be fed into a design process, which culminates with the designed
interactive system.

Thus, methodology and structure are the heart of understand-
ing and practicing design, and the designer’s role is that of an engi-
neer or a natural scientist. In the conservative account, the designer
is seen as a “glass box” 7 in the sense that every step of the process
is suggested as rational and possible to describe.
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Schon identifies sources of incompleteness inherent in the
conservative model which cannot explain the initial creation of
complex design structures; nor can account for the dialectical trans-
formation of structures observed in the ways designers learn through
designing. The issue of disagreement is the idea of a design structure:
the designer’s representation of a problem together with the rule-
governed procedures that guide his transformation of it. For Schon,
representation and procedures must be compatible. For the model
of design as rational decisions, the design structure is assumed to
be given with the presented problem. A rational decision process
can occur only within such a structure. Hence, the model does not
explain how design structures are made and remade in the course
of designing. According to Schon, the model coming from the ratio-
nalistic tradition is limited either to the special class of artificially
constructed problems—where design structure is given from the
beginning—or to the later phases of designing—where it takes the
form of technical problem-solving within a stabilized structure.

In actual designing, design proposals often are complex, inter-
dependent on each other, and significant in their impact on design
structures. This complexity, which Schon calls “figural,” is in contrast
to the combinatorial or merely additive. Addition or subtraction of
one element changes the functional meaning of other elements, with
the result that the proposal must be considered different as a whole.
Examples of figural complexity are found in the drawings of the
Gestalt psychologists, computer programs, and human organiza-
tions—where a change in one element (position, function, or feature)
can produce significant changes in other elements and in the system
as a whole. Complexity is closely linked to interdependence.

The “romantic account” of the design process suggests it is
not a fully rational and explicable process; it has something “mysti-
cal.”** This account of design can be thought of as “black-boxed” " in
that the design process is guided by the designer’s values and taste,
and the product becomes judged according to issues of quality and
aesthetics.” This view suggests that the arts present better models
for design than science.

A design-oriented approach to HCI within this account
emphasizes the designer’s individuality, aesthetics, and individual
judgment over methodology and control, transparency, and logical
reasoning. The product of design and the designer are accentuated,
while the process of producing the artifact is opaque.

The “pragmatic account” of design is characterized by its
“situatedness”: the design process is located in a world populated
with people, artifacts, and practices, each with its own history and
identity. Rather than science or art, design is understood as a herme-
neutic process of interpretation and creation of meaning.” Designers
iteratively interpret the effects of their designs on the situation at
hand. It can be thought of as a reflective conversation with the mate-
rials of the design situation. In Schén’s perspective:
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Designing is seen as a conversation with the materials of a
situation within which new trials are often based on learn-
ing from earlier ones. It is seen, for the most part, as a social
process in which different designers frame the situation in
different ways and learn, when they are successful, to talk
across divergent frames.”

The pragmatic account focuses on the situatedness of the designer in
a real-world situation, and brings to light the combination of roles,
practices, and technologies involved in design. > The designer has
constructive as well as reflective skills.

In the framing of our work, designing is a social process
with focus on problem setting as well as on problem solving. It is a
dialogue not only with design materials, but mainly among individu-
als (designers, developers, users, and other stakeholders) in which
different views of designing and different ways of framing design
situations are contrasted. Design dialogues are dialectical revela-
tions of conflicts among views of design structure held by different
parties in the dialogue. Design structures are made and remade
during design dialogues. We regard designing mostly within the
pragmatic account, as an iterative and interactive process of creating
signs, which involves sense production and interpretation by people
involved in the design.

Interaction Design and HCI Tradition
Many products that require users to interact with them have not
necessarily been designed with the users in mind. Typically, they
may have been engineered as systems to perform functions, within
the conservative account to design. While they may work effectively
from an engineering standpoint, it does not necessarily mean they
will be easy, effective, and enjoyable to use from the user’s perspec-
tive.” Because user interfaces are implemented with software, many
software engineers believe that the well-established techniques for
developing software in general will apply to user interface develop-
ment. These techniques do apply to user interface software develop-
ment, but not to designing what that software should implement;
namely, the interaction with users.” Because of the “human factor,”
interaction design represents a domain with its own special prob-
lems, requiring its own special design techniques. Hartson? summa-
rizes this understanding and the interdisciplinary nature of the HCI
field as follows:

Methodology, theory, and practice in the field of human-

computer interaction (HCI) all share the goal of producing

interactive software that can be used efficiently, effectively,

safely, and with satisfaction. ... HCI is cross-disciplinary

in its conduct and multidisciplinary in its roots, drawing

on—synthesizing and adapting from—several other fields
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including human-factors, ergonomics, cognitive psychol-
ogy, behavioral psychology, systems engineering and
computer science.?

In line with this HCI view for producing interactive software,
Preece, et al.” understand design as a practical and creative activ-
ity, whose aim is to develop a product that helps its users achieve
their goals. Within this understanding, a goal of interaction design
is to develop interactive systems that elicit positive responses from
users, such as feeling at ease, being comfortable, and enjoying the
experience of using them. Within this understanding, Preece et al.¥
conceptualize design by distinguishing two aspects: one conceptual
and the other physical. The former is concerned with developing a
conceptual model that captures what the product will do and how it
will behave; while the latter is concerned with details of the design
such as screen and menu structures, icons, and graphics. Design
activities begin once a set of requirements has been established and
the design emerges iteratively through repeated design-evaluation-
redesign cycles involving users. For users to effectively evaluate the
design of an interactive product, designers must produce an interac-
tive version of their ideas. In the early stages of development, these
interactive versions may be made of paper and cardboard while, as
the design progresses and ideas become more detailed, they may be
refined pieces of software or material that resembles the final prod-
uct. The activity concerned with building this interactive version has
been called “prototyping.”

Therefore, there is a common understanding that develop-
ing a product must begin with constructing some understanding
of what is required of it; although various approaches to designing
may differ in their search for these requirements. User-centered
design and participatory design (i.e., involving users) have been
advocated as good practices for interaction design in HCI. User
involvement in the design process seems to be generally accepted,
although varying levels of participation may impact differently on
the design product.

We encourage a broader understanding of the design process
in which the software is understood as a medium for the creation
of virtualities—the world in which a user of the software perceives,
acts, and responds to experiences.” Moreover, we believe that tech-
nology design practices should support both designers and users in
ongoing, critical reflection about technology, and its relationship to
human life.”

As an alternative to the conservative account in HCI
approaches, the design of computer applications that are concerned
not only with the quality of the final products but primarily with the
quality of system usage and the experience it enables, has been one
of the main concerns of Scandinavian Participatory Design (PD). PD
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practitioners have long advocated active cooperation between users
and designers, and a great amount of research has been conducted
in establishing meaningful practices to provide a common ground
for discussion among those directly in charge of technology design
and use.” Participatory techniques are useful instruments to discuss
the social context of the users through their active participation.
Nevertheless, PD techniques seldom go beyond the early analysis/
design activities of development projects.*

Taking the Scandinavian tradition as a starting point®
proposed a more comprehensive development approach called
Cooperative Experimental System Development (CESD). This
extended cooperative and experimental techniques throughout the
entire life cycle of a computer system, including technical design
and implementation. Design was seen as the main concern in system
development. The focus is on techniques to facilitate designers’ and
users’ involvement in common creative activities. Experimentation
with possible outcomes, based on hands-on experience with
mock-ups and prototypes, is a central feature of CESD design.
Object-oriented tools, as well as techniques to enable a smooth
transformation of design artifacts to application code, also are a
concern of CESD design.

Prototyping overcomes some of the problems of requirement
specification-oriented methods, which usually assume that system
design can be based solely on observation and detached reflection.
Nevertheless, prototyping methods usually have a narrow focus and
tend to limit discussion within the reality created by the prototype.
Moreover, there is very little account of how prototypes are related
to the current and future work practices of users. We argue that it is
equally important that the people involved (designers, developers,
users, and other interested parties) share a representation model
of the work domain to be supported by the prospective system.
Meaning-making is constructed as a result of cooperation between
designers, developers, interested parties, and prospective users of
the technology being designed. In the context of our design frame-
work, we argue that Organizational Semiotics provides artifacts
which serve the participating disciplines as a means for the people
involved in the problem design to express and share their knowledge
of the world around them.

A Framework for Interaction Design Inspired by

Organizational Semiotics

The conservative approaches to interactive software system design
present a strict separation between design, implementation, and the
use of computational systems. These approaches assume a preexist-
ing common conceptual model of the domain and their agents that
is shared by all practitioners. In this way, the problem is reduced to
capturing this model and codifying a solution based on the model.
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On the other hand, several authors acknowledge the fact that
domain models do not in fact exist as an a priori object, but instead
are socially and dynamically constructed.*

In doing design, we rely on various cues, indicators, and
conventional signs. Semiotics, the ancient doctrine of signs, leads us
to a more precise understanding of information as various proper-
ties of signs. Signs are simple entities easy to deal with within the
intersubjective domain. Anything standing for another thing or used
to signify something else is an example of a sign: words, sentences,
traffic lights, diagrams, a wave of hand, or a facial expression. A
language community can cross the bridge between signs and reality
(what people are observed doing). Within this understanding, system
developers and users coevolve, with the language as the mediator
of meaning.”

In this work, we take semiotics beyond the study of how we
use signs for communication to include the shared knowledge and
mutual commitment derived from communication in designing. We
share with the pragmatic account to design, the understanding that
design is about being engaged directly in a specific design situation.
This “situatedness” locates the design process in a nested structure
in which the informal, the formal, and the technical layers of infor-
mation and interaction coexist. The “informal layer” represents the
informal interactions in a society, the culture in which meanings are
established, intentions understood, beliefs formed, and commitments
made, altered, and discharged. In the formal layer, forms and rules
of an organized society represent meaning and intention (e.g., laws,
formal methods of work organizations, models, etc). The inner layer
represents the technical interactive system, derived from part of the
formal layer which, in turn, draws on the informal layer. Figure 1
is based on the “organizational onion” from OS, and illustrates our
proposed account for the design of interactive systems as indicating
through signs.

A problem setting is part of the design situation understand-
ing and requires articulation in forms that can be appropriated
and assessed by people involved in designing (designers, users,
developers, and other stakeholders). The design process involves
exploring the reality that constitutes the design situation. An ontol-
ogy is a crucial aspect of what the involved group understands as
constituting reality. The ontology charting allows a discussion of
meaning and on what the group considers to be important aspects
of reality in a particular design situation. System prototyping refer
to the group’s idea on how to shape their intervention in the situa-
tion, based on their ontology and problem articulation. The work in
these three layers is performed in parallel, and coevolves: a problem
understanding is revealed as the group works on the semantics and
solution ideas.
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Figure 1 We acknowledge the stages of analysis, synthesis, and evalu-
The structure of design as indicated through ation in the design of interactive systems, although not in a linear
signs from different layers. order. Understanding and describing the problem, finding a solution,

and implementing it do not occur straightforwardly as suggested by
the conservative account.

Thus, design is conceived as a social process of expressing
meaning, communicating intentions, and constructing knowledge,
to be carried iteratively and interactively by designers and a group
of stakeholders in a participatory style. It is reflective as well as
constructive in nature. Several design artifacts, located in the differ-
ent layers of this structure (from a brainstorming activity or a low-
tech artifact situated in the informal layer, to the design models used
in the formal layer, to the high-fidelity prototypes) coexist. They aim
to encourage and maintain the interaction among users and design-
ers in a social process in which the different views of the design are
contrasted and negotiated.

Organizational Semiotics
Organizational semiotics presents theories and methods developed

38 Ronald K. Stamper, “Organizational in the course of a research program initiated in the 1960s to allow
Semiotics: Informatics without one to analyze and design information systems in terms of three
the Computer?” in Information, human information functions: expressing meanings, communicating

Organization and Technology: Studies
in Organizational Semiotics, Kecheng
Liu, Rodney J. Clarke, Peter Bogh
Andersen, and Ronald K. Stamper,
eds. (Norwell, MA: Kluwer Academic zation. In the philosophical stance underlying OS, reality is seen as

intentions, and creating knowledge.* Studies in OS are not restricted
to information expressed in written or graphical discourse, but take
into account the semiotic aspects of human interaction in the organi-

Publishers, 2001). a social construction based on the behavior of agents participating
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in it: people share a pattern of behavior governed by a system of
signs. Since people are constantly communicating and discussing,
the world is in constant change.

Semantic analysis is one of the OS methods that focuses on
the agents and their pattern of behaviors to describe an organization
taken in its broadest sense, including its interactive systems. With
the analyst in the role of facilitator, an ontology chart is constructed
describing a view of responsible agents in the focal system domain,
and their behaviors or action patterns. Some basic concepts of OS
adopted in this work are based on Liu® and Stamper:*

* “The world” is a social construction based on the actions of
agents, and on the basis of what is offered by the physical
and social worlds: invariant repertoires of behavior consti-
tute the perceivable reality.

e “An agent” is defined as something that has responsible
behavior. An agent can be an individual person, a cultural
group, a language community, or a society (an employee,

a department, an organization, etc).

e “Affordance,” the conceptoriginally introduced by Gibson*
to express the behavior of an organism made available by
some combined structure of the organism and its environ-
ment, is extended by Stamper* to include invariants of the
social world: social affordances arise from the norms we
share with people around us. Those repertoires of behavior
are the ones that make us human rather than animal: “The
rich array of affordances available to us we acquire through
our engagement in a society able to hand down, through
the generations, the useful behavior and perceptions that
its members have discovered.” ¥ Stamper argues that real-
ity, as we know it, was not constructed individually: it was
created by cultural development during millenniums. For
example, a cup is a human artifact whose use is not only
possible because of its physical aspect, but also because
of its social affordances (children have learned to use it for
drinking, instead of throwing it at someone).

e “An ontological dependency” is formed when an affor-
dance is possible only if certain other affordances are avail-
able. An ontological dependency between “A” and “B”
means that “A” is only possible when “B” also is possible.
The ontological relationship is considered as the most
fundamental relationship to model.

The concepts of semantic analysis are represented by means of ontol-
ogy charts, which have a graphical notation to represent agents
(circles), affordances (rectangles), ontological dependencies (lines
drawn from left to right), role-names (parentheses), and whole-
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Figure 2
An illustration of an ontology chart.”
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part relations (dot). The hypothetical example in Figure 2, extracted

from Liu,* illustrates a fragment of a semantic model represented
in an ontology chart. The “society” is the root agent in this model.
“Person” and “thing” are both ontologically dependent on “soci-
ety,” which means both and all the other affordances are defined in
the context of a certain society. The action’s “sells” are ontologically
dependent on “owner” (the role of a person who “owns” a “thing”),
and the action’s “buys” are built upon “person” and “owns.” This
suggests that, in that particular society, selling is only possible for
the person who owns the thing. Selling and buying are referred to
the affordance “owns.” That means when people are trading, it is the
ownership rather than the physical thing itself that is dealt with. In
this sense, the representation ontologically reflects the social practice
which is dominated by the shared norms in that particular social
context.

The meaning of words used in the semantic model is treated
as a relationship between the signs and appropriate actions of
the agents. We understand the diagram itself as a group of signs.
Therefore, the ontology chart is something that is socially constructed
in an iterative and interactive process by people involved in design-
ing the organization as well as the interactive system. The design
situation is discussed cooperatively in several iterations according
to the raised affordances and ontological dependencies: the diagram
is not only the object of discussion, but a result of the discussion as
well.

In addition to the “semantic analysis,” which focuses on the
agents’ patterns of behavior, “norm analysis” is used to describe
the relationships between an intentional use of signs and the result-
ing behavior of responsible agents in a social context. Considering
the example of Figure 2, in a particular society, ownership as well
as trading are governed by a set of norms created by the action of
agents in that society. At the social level, norms describe beliefs,
expectations, commitments, contract, law, and culture, as well as
business.® Norms can be represented by the use of natural language
or “deontic logic” * in the late stages of modeling. The norm model
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itself can be understood as a group of signs. In the context of this
paper, the norms are modeled as a result of reflection about the
organizational context made by the agents in cooperation during
the iterations of the design cycle.

Interaction Design in the Proposed Account:

Short Report on a Case Study

Pokayoke is a computational system constructed with the aim of
exploring the proposed approach to design in practice. The system
was designed to support problem solving and decision making in
the context of a manufacturing organization that adopts the lean
production paradigm. This organization is a unit of a multinational
company in Jaguariana, Brazil which produces automotive parts.
Pokayoke is based on one of the factory’s procedures to analyze and
implement corrective, preventive, security, and health actions, known
as “the five steps.” The five-step procedure provides a systematic
method for dealing with problems in the production routine. Every
time an unconformity is identified, an action must be taken to correct
it and to prevent its reoccurrence. Also, every time a situation of
potential unconformity is indicated, an error-proofing action should
be carried out according to the Poka Yoke” concept of lean produc-
tion.

The Pokayoke interactive system was developed in fourteen
months and distributed in five prototype cycles, with the partici-
pation of a diversity of users ranging from shop floor workers to
managers. Some participatory techniques (e.g., Starting Conference,
Artifact Walkthrough,® etc.) were applied in the early iterations, in
addition to the Semiotic Conference.*

Figure 3 shows a fragment of the combined use of an
ontology chart and prototype in discussions during the Pokayoke
design. The first versions of the prototype and ontology chart were
constructed based on the results of PD techniques in early stages of
interaction. The objective of using the ontology chart in this process
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is not to construct a precise and formal representation of reality. It
is used as a tool through which the practitioners can express their
understanding and review their work practices while engaged in a
signification process. It can be combined with other representation
artifacts such as low-fidelity (and high-fidelity) prototypes.

The iterative approach is aligned with the idea that domain
models do not exist a priori. The semiotic model and the prototypes
of the computational artifacts are continuously (re)designed by
designers, developers, and practitioners in a process that combines
interaction and iteration.

The use of an ontology chart combined with a low-fidelity
prototype in Figure 3 shows the need to expand part of the system
(represented in the high-fidelity part of the figure). The main focus
is not the models or charts themselves, but the discussion about the
concepts behind these artifacts. In the Pokayoke case study, although
the workers were not able to build semantic diagrams in the first
session, they were able to discuss the modeled concepts and rethink
their work practices. As discussion takes place, changes and sugges-
tions are reflected in the models and prototypes. A quick example of
the discussion that transpired, corresponding to Figure 3, regarding
the workplace is illustrated as follows:

® “The 4th step should be finished only after conclusion or cancel-
lation of the actions.” Some workers used to finish “Step
IV” before the conclusion of some actions. A mechanism to
avoid that, which is considered a bad practice by the practi-
tioners, was proposed. Figure 3 shows part of the prototype
constructed during the meeting. Motivated by discussions
about concepts represented in the ontology chart, they
proposed to have the status for the problem, and the control
of the due actions (the Portuguese word cobrar in Figure 3)
represented in the user interface, and;

® “The person in charge of the five-step procedure is not respon-
sible for the actions of correction.” The “responsible for
actions” concept was clarified through the ontology chart.
New practices were adopted in the factory regarding this
fact, even before the use of the system. As a result, they
proposed the inclusion of a field in the prototype interface
that identifies the role of the person in charge of the action
(Figure 3).

Figure 4 shows part of the new versions of the ontology chart and
prototype that resulted from this particular discussion. The diagram
represents the relationship between “Brainstorm,” “Solution Ideas,”
and “Actions” discussed during the previous iteration. The new
prototype was implemented based on the suggestions, discussions,
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and alternatives explored during the previous interaction. The solu-
tions proposed in the “handwrite prototype” were reflected in the
new system interface.

After five iterations, Pokayoke substituted the paper-based
form of the “five-step” process in the factory. The use of the system
in the production line was investigated over the course of one year.
The workers’ process of making sense of the design elements, both in
the abstract level as well as in concrete terms, allied with the feeling
of authorship, was fundamental for system acceptance. The workers
have expressed these feelings many times during system design and
use, saying: “... we have defined this in this way to avoid ....”

The main drawback of the proposed approach encountered
during the Pokayoke design was the reading of the ontology chart
in the first iterations. This problem was minimized as we focused
on the concepts (agents, their patterns of behavior, and ontologi-
cal dependencies) instead of the notation. After some meetings, the
practitioners were able to read the notation and use it to express
themselves. The discussion of social norms, for example, resulted in
new practices that may have greater value to the organization as a
whole than to the computational system itself.

Discussion
There is no direct path between the designer’s intention
and the outcome. As you work a problem, you are continu-
ally in the process of developing a path into it, forming
new appreciations and understandings as you make new

moves.*

We share with Schén and Bennett” the idea of design having a
figural complexity, and demanding a dynamic process of construc-
tion, rather than a one-shot approach to it. Moreover, we acknowl-
edge the situatedness character of design, in which the designer is
immersed in a world populated with people, artifacts, and practices.
Thus, we regard the “designer” not only as the person in charge of
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the process and product of design, but as a group of people (design-
ers, developers, users, and other interested parties) involved in an
iterative and interactive process. The design activities are conducted
by this group of people in a participatory style.

We share with the Scandinavian design community the
understanding that design should be done with the users (neither
for them nor by them), and that mutual learning is part of the work
of a design group. In the participatory design tradition, prototypes
and mock-ups are proposed to allow users to be active in the design
process. Nevertheless, prototyping taken in isolation tends to limit
discussion within the reality created by the prototype. Our concept of
interaction design views it from a social angle, acknowledging from
OS the understanding that we construct our social world as layers
of affordances that depend on each other for their existence. The
semantic analysis enables the group to draw attention to the agents
and their pattern of behavior expressing meaning in the ontology
charting. In the proposed approach to design, prototypes and ontol-
ogy charts are artifacts that coevolve, informing each other.

In summary, in the proposed approach, the design process
is a social construction of designers, users, and other stakeholders
actively engaged in the problem setting as well as in the problem
solution. Several artifacts (informal, formal, and technical) are used
by the participants during this process as communication and media-
tion tools in designing the interactive system. The ontology charts
provide us with a way to represent the concepts discussed in the
design domain. The nodes do not represent concepts in someone’s
mind but, rather, socially shared, physical, or social affordances
(invariant repertoires of behavior). The product of design emerges
through several iterations of this process in which analysis, synthesis,
and implementation activities are intertwined.

The patterns of agents’ behavior in problem setting (social
affordances) represented in the ontology chart, reflect the partici-
pants’ knowledge about the problem domain, exemplifying Schén's:
“We could say that our knowing is in our action.” ® During an itera-
tion of the design process, designers and stakeholders are reflecting
not only on the phenomena they are representing, and making sense
of it through their drawing, but also on their previous understand-
ings of the design problem.

In the context of the proposed approach, conversation does
not denote a literal verbal dialog. Rather, it refers to an interac-
tive communication among the participants taking place through
changes in the semantic model and prototype drawings, which
serve as a representation of shared knowledge. The ontology charts
represent their “language of communication” in the sense proposed
by Rheinfrank and Evenson,” since they have a communicative func-
tion as well as the structure of an evolving system of elements and
of relationships among those elements.
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The ontology chart enables the team to give visible form to
the assumptions and the design concepts. At the same time that the
language elements are being developed, they are being materialized
in the prototype. This simultaneous demonstration of the elements
as they are being conceived is crucial because certain concepts may
be difficult to imagine without tangible examples. Another purpose
for iterative demonstration of the language is to help organizations
make development assumptions explicit, and to enable meaning
negotiation. In the context of the proposed design framework,
meaning is seen not just as the built-in sense of an object, but also
as the quality of sense making that objects have and can produce,
especially with respect to their social surroundings. The interactive
co-construction of the design language is facilitated by the concrete-
ness of the prototypes.

Design as indicating through signs allows the participants in
designing (designers, users, and stakeholders) to share control of,
and responsibility for, the meaning-making process. This requires
active participation for co-construction of meaning. This can be
accomplished by expressing/communicating signs through the
ontology charts and other artifacts, and materializing knowledge in
concrete terms through the prototypes.

Conclusion

Methodologies for interactive systems design and development
traditionally have drawn upon the conservative paradigm, which
considers an objective reality to be discovered, modeled, and repre-
sented in the software. If we understand design as communication,
and software as a medium for the creation of virtualities, other
human communication disciplines can give system engineers a new
way to think about interaction design. The designer could be provid-
ing the user with tools to create meaning and experience, rather than
creating meaning and experience for the user.

Organizational semiotics understands reality as a social
construct based on the behavior of its participating agents. OS
provides artifacts to represent what we know and share about the
world around us. In this paper, we have shown a semiotic-inspired
framework that illustrates our understanding of interaction design
as communication through signs. This framework has proven its
usefulness during the interaction design of Pokayoke, a computer-
supported collaborative work system designed for the context of a
manufacturer. The approach did not search for an objective truth
about the best way to support practice in the factory. Rather, this
truth was socially constructed based on meaning negotiations that
occurred during the system design. The semiotic models and the
use of the prototype screen shots in the design activities have been
essential in exploring the connections between the meanings of the
design context and the interactions designed to support them in the
interactive software system.
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Prototyping Social Interaction
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Introduction

Recent changes in information technology have made social inter-
action an increasingly important topic for interaction design and
technology development. Mobile phones, PDAs, games, and laptops
have eased interpersonal communication and brought it into new
contexts such as bus stops, trains, cars, and city streets—in fact
everywhere people find themselves and move about. In these situa-
tions, the old paradigms of one person interacting with technology,
or a group at work in an office or collaborating over a shared system,
are inadequate for guiding the design of such systems.

For interaction design, these technologies represent new kinds
of challenges. Interaction design has inherited its methodic baggage
mainly from three sources, none of which specifically focuses on
how ordinary people use social technologies. Usability research and
human-computer interaction (HCI) seldom quote sociological theory
in their premises.! While research in computer-supported collabora-
tive work (CSCW) increasingly has focused on questions outside of
the workplace, the basis of this field of study still stems from studies
of the workplace, in which social organization is devised to support
work rather than ordinary activities.> New articulations of methods
and frameworks are required for designing interactive technologies
for social interaction in ordinary activities.

This paper describes a series of studies conducted in Helsinki
that focused on prototyping how people interact with each other
using mobile multimedia. The central claim is that a prototype is not
only a representation of a product or technology—such as a paper
prototype, a software prototype, or a physical mock-up—but that
it consists of both the representation and the social interaction the
participants create together. For convenience, we talk about “proto-
typing social interaction.” The argument of this paper applies in
particular to small communication devices meant for everyday
life, but it also can be used with other products and services. Social
processes inevitably affect the way in which technology is perceived,
accepted, and used. If these processes are neglected, designs face
risks. In our opinion, there ought to be ways to anticipate at least
some of them.
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Approaches to User Involvement in Prototyping

Buchenau and Fulton Suri’ define prototypes as “representations of
a design made before final artifacts exist.” As they note, prototypes
range from sketches to different kinds of mock-ups and models.*
The main aim of prototyping is to produce information for design
processes and design decisions, as well as to explore and communi-
cate propositions about the design and its context. From this view-
point, prototypes serve many purposes. They enable direct access
to challenges and potential solutions. For example, if the problem is
ergonomic, it makes little sense to abstract or theorize about it. In
usability testing, prototypes are used mainly to locate problems in
the design and to correct these problems to make use of the product or
service more efficient and enjoyable. Prototypes also are “commu-
nicative tools,” and sometimes are built explicitly for this purpose.
For example, in the car industry it is common to build scale or 1:1
models that preview the proposed vehicle. The aim is to communi-
cate the concept and look of the future product, to obtain feedback,
and to prepare the ground for the new product. Finally, prototypes
need not address a predefined problem or product. They serve as
“aids for imagination.” For example, “quick and dirty” experience
prototypes can be used when the researchers or developers do not
know where to start.’

While there is no one way to do prototyping, the role ascribed
to the user best distinguishes between possible orientations. In
practice, there are several partially incompatible approaches to user
involvement. In the “human factors approach,” prevalent in usability
engineering and cognitive science, the focus is on the individual’s
behavior and the cognitive and emotional processes as he or she runs
through a series of preset tasks in front of a prototype. In contrast, the
“participatory design” movement, originating in the Scandinavian
tradition of workplace design, involves users intensely throughout
the design process.® The manipulation of prototype-like representa-
tions provides a natural and influential slot for user participation in
the process, not simply to generate useful material for design.”

One key differentiator is whether the focus is on the behavior
of the users and what sorts of claims are made for it. For example,
there are purely “artistic” or “inspirational” approaches to user
involvement, such as the cultural probes approach,® that use imagi-
native techniques like postcards to collect material from people. The
material is used as a backdrop in design sessions, but user studies are
not used to test designs or to gain in-depth understanding of people.
More typically, understanding the users’ thoughts, dreams, and aspira-
tions are preferred over mere inspiration. The ultimate interest is not
in the observable doings of people, but in their inner states, which are
regarded as the most important aspect of user-centered design.’

The main problem with these approaches is that many prod-
ucts today are designed for interaction, or are used in social interac-
tion, almost out of necessity. This is true not just for communications
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technology, but also for interiors, and many types of games and cars.
However, with the exception of teams in information systems design
(ISD) at the workplace, prototyping literature typically uses an
individual as the main unit of analysis. As many sociologists have
noted, there are inbuilt methodological challenges in understanding
social activity by looking at individuals only." The problem is that
people are constantly reflecting their action onto how others relate
to it. Even if it were possible to anticipate how all individuals would
behave in the future, we cannot know up front when the paths of
two or more people will meet, and what sort of interaction will occur.
Although individual actors have their say in social action, the process
or its outcome is not under the control of any one individual.

This paper primarily is intended to show how one can inves-
tigate processes of social interaction involving prototypes. Through
a detailed case study, we argue that social interaction is worth taking
seriously; and we need to study the ways in which it evolves and
affects the ways in which people use prototypes. We show that it
is important to understand how people interact with others while
using a prototype, and how these interactions affect the way in which
individuals use the prototype. Our focus throughout is on practices,
and what people do, rather than on meanings, and what they say.?
In Bannon’s early terms, we study humans as “actors” rather than
as “factors.””®* However, we would like to add that Bannon’s call
requires attention not just to what individuals do, but also to social
interaction, which has received little methodological work outside
a small circle of CSCW research.

Prototyping Social Interaction
This paper describes how our work has tried to respond in its own
way to Bannon’s programmatic call, with lessons learned from
CSCW. Our response builds on Buchenau and Fulton Suri’s notion of
“experience prototyping.” Experience prototypes enable design team
members, users, and clients to gain firsthand appreciation of existing
or future conditions through active engagement with prototypes:
By the term “Experience Prototype” we mean to empha-
size the experiential aspect of whatever representations are
needed to successfully [re]live or convey an experience with
a product, space or system.... Experience Prototype is any
kind of representation, in any medium, that is designed to
understand, explore or communicate what it might be like
to engage with the product, space or system we are design-
ing.... When we use the term “Experience Prototyping” we
are talking about methods that allow designers, clients, or
users to “experience it themselves” rather than witnessing
a demonstration or someone else’s experience.... Experience
Prototyping is less a set of techniques than it is an attitude,
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allowing the designer to think of the design problem in
terms of designing an integrated experience, rather than
one or more specific artifacts.”®

In our opinion, the key point in prototyping social interaction is that
“a prototype” is not a piece of technology, constructed to see whether
technology works, nor is it something that is “tested” on humans.
Instead, the prototype—or a series of prototypes—is a “pair”: there is
a representation, typically a new piece of interactive technology, and
several people using it in ordinary social situations. By “social,” we
do not mean a general sort of label that one could apply to events,
but people engaging in interaction with other human participants,
either when mediated by the technology or affected by its presence.
The representation creates conditions under which people try to
understand this technology, redefine it, develop a stance towards
it, and change their behavior and opinions of it in dealing with
other people. These observations from social interaction, enabled
by the representation, are turned into design drivers. They should
be given specific and sustained attention, not treated as another set
of variables.

In prototyping social interaction, following a few principles
in the design process is more important than the qualities of the
actual representation used. The following paradigm describes the
conditions required for prototyping social interaction.’ The intention
of this setup is to create conditions in which a social organization
involving the representation emerges so that this organization can
be observed and described in detail. This understanding can be used
as a driver in design, and perhaps may even be modeled.

Ordinary social setting. More than one person has to be
involved in a unit of study to create the conditions for social
interaction in a manner that is appropriate for the design
context. Social interaction has to take place in a real context
to overcome studio-based contemplation.

Naturalistic research design and methods. People are the
authors of their own experiences. They are involved as
creative actors, who can and will engage with available
products that support them in interests, social interaction,
and experiences that they find meaningful. Data from
people must be gathered and treated using empirical and
up-to-date research methods.

Openness. The prototype should not be thought of as a
laboratory experiment. The designer’s task is to observe
and interpret how people use and explore the technology,
not to force them to use it in predefined ways.
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A sufficient time span. The prototype usage ought to be
observed for a long enough time, typically for a few weeks
at least since it is difficult to get an idea of how people
explore and redefine the technology in their actions if the
study period is shorter. However, as our third example
below shows, one can create prototypes to see how people
use the prototype using considerably shorter study periods,
provided that the setting is open enough for the partici-
pants to freely organize their activities around the proto-

type.

Special attention to the sequential unfolding of events.
One needs to study the stepwise development of the social
process, not simply list its outcomes. Interaction unfolds in
time, and has to be considered in temporal terms.

In addition, there has to be a conceptual framework for study-
ing social interaction, which is difficult to understand without a
proper framework to guide observations and conceptual work. This
requirement does not imply that any particular theory is needed. For
example, Battarbee’s notion of “co-experience” builds on Dewey’s
pragmatist philosophy and Blumer’s version of symbolic interac-
tionism, a sociological tradition consistent with pragmatism,” while
Koskinen and Kurvinen build on conversation analysis, an offshoot
of classic ethnomethodology.® In other studies of our topic, mobile
multimedia, researchers have utilized activity theory and the sociol-
ogy of science and technology.”” The framework ought to be detailed,
validated by previous research, and open enough to sensitize design-
ers to social interaction. However, since the aim is to identify and
describe how orientations and behaviors towards the prototype are
created in social interaction, the framework must be inductive in
nature. For these reasons, our work has been based on symbolic
interactionism and ethnomethodology rather than more formal
theories of interaction—such as the notion of gift-exchange.”

Three Studies

From 1999 to 2002, we conducted a series of studies on mobile multi-
media. This paper is based on three of these. The first example is
from the “Mobile Image” study, which took place in 1999-2001.>' We
gave a Nokia 9110 and a Casio digital camera connected by an infra-
red link to four groups of five people for approximately two to three
months each. The University offered access to a computer system
to all participants. Actual messages were collected as e-mail attach-
ments. During the experiment, the male and the female groups sent
a total of three hundred and seventy-one e-mail messages, which
became our primary data. The service was free of charge.
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The second example is from the “Mobile Multimedia” study,”
in which we selected three user groups from the Helsinki-based
teleoperator Radiolinja’s technology and service pilot of their new
multimedia messaging service (MMS). The pilot study, which took
place during the summer of 2002, lasted about five weeks. Each user
was given an MMS cellular phone. Three mixed-gender groups with
seven, eleven, and seven members were studied. In all, users sent
more than four-thousand messages during the study, with about
half of them unique and the rest duplicates in group messages. As
in Mobile Image, the service was free of charge.

Our third example, “Mobile Album,” is from a concept study
done for Nokia Mobile Phones in 2002. In contrast to our interest in
mobile multimedia, recent empirical studies of mobile multimedia
have repeatedly argued that people show their pictures to other
people without ever sending them: cellular phones are largely
capture-and-see-devices rather than capture-and-send devices.?
Mobile Album was specifically constructed to study how people
would share experiences with multimedia phones in the presence
of others, and how social context shapes the capturing, sharing,
and viewing of images. The study also shows how we turned ideas
from Mobile Image into a more traditional, low-fidelity prototyp-
ing approach. We gave people ten i-Zone Polaroid cameras and a
PVC-covered album template. People could cut, paste, and glue
their Polaroid stickers on it, and simultaneously see what others
did with it. The session took place during a one-day picnic party
at Suomenlinna, an old fortress island and a popular recreation spot
located fifteen minutes from Helsinki. Participants were thirteen
students of Finnish language at the University of Helsinki. The
second part of this study, called “Indoors,” was an indoor party for
twenty to thirty guests. Photographing and completing the template
took place during a single evening.

Framing Experiences
The first example shows how people may use mobile multimedia
for social purposes. In this example, a small and insignificant expe-
rience is transformed into something larger than life under suitable
conditions by situating it in a story that reframes it. Here, six people
first spot a wound, create a murder mystery from it, and organize
a simple play, which is recorded with the camera. Eija’'s wound
is “co-experienced” and communicated as a story, not merely an
experience.

The title, “Murder at Lammassaari,” makes the reader expect
a murder mystery. The prologue tells the reader that a scratch on
Eija’s hand initiated the story. She also explains her blunder: she
accidentally deleted the first shot. In the first three images, we see a
group of horrified people who witness bloodshed and find a body in
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the grass. The next three pictures show a runaway murderer, who is
caught and punished. The movie-like atmosphere is emphasized in
the final image, which underlines the fictional, movie-like character
of the episode by referring to the Oscar gala, which situates the story
in the safe world of mainstream movies.

Example 1. Murder at Lammassaari

The long awaited horror movie shots!
Unfortunately, I messed up and deleted the first image
by accident (but I've heard I'm not the only klutz among
us...). The first image was a picture of the murderer’s hand
(the story started with a small scratch on Eija’s hand some-
time in the darkest hours of the night at the Lammassaari
summer party.
Liisa

A Horror at Lammassaari: A murder has been committed!
B Abody in the grass (note the smile).

¢ The body is found.

D The murderer runs for it.

This example shows how new technology may enable social
interaction in many ways simultaneously. An actual experience in
Lammassaari becomes reportable, tellable, and shareable because
of technology at both the sending and receiving ends. Activities at
parties may of course evolve into plays, but a camera and a phone
makes this process different. When there is a camera, the play is
specifically staged for it. These people are not experiencing just a
play, but a play played for the camera with an eye to sharing it later.
Finally, there was an advertisement at the beginning of the message.
That it exists at all shows that this story had been discussed for quite
some time earlier: the information exchange had begun prior to the
actual story being shared.

Mobile Image made it possible for us to study ways in which
people use a camera and a mobile phone to capture and reconstruct
experiences, and share them with other people. Among the methods
we have explored have been postcards, riddles, teases, questions
and answers, as well as stories.” In this context, Ling and Julsrud
talk about “genres,” which we see as a special case of social inter-
action. Genres—like Hollywood-style murder mysteries—provide
conventional means for giving shape to constructing messages.” As
Murder in Lammassaari shows, genres provide important resources
for observing, imagining, and reporting social activities.
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Routines and Creativity

While in Mobile Image sending a multimedia message to another
phone could take several minutes, in Mobile Multimedia, the
process was considerably faster. As expected, this was reflected in
how people used their devices to capture and share experiences with
their peers, and the forms of social interaction became more elabo-
rate. People were able to not just capture and send experiences, but
also could respond to messages almost in real time.

Examples of messages that make a response possible, but
do not require one, are reports of good news, insults, “good night”
messages, “wish you were here” messages, and many others.”
Sometimes a missing reply is noticeable and may prompt sanctions.
If one asks a question, one can expect a quick answer. In Mobile
Multimedia, these “sequences” include question-answer pairs, greet-
ings, teases, and riddles.” These are orderly acts that people use in
ordinary life to make sense, and to reinterpret their experiences using
a piece of communication technology. They also explain a good deal
of variation in use over time.?

E Plot climax: The murderer is caught.

F The murderer gets what he deserves
—The Happy Ending.

G The photographer wins an Oscar, responding to acclaim
like a champion.

Example 2. Good morning greeting

In Example 2, Hanna sent early morning greetings to her spouse. It
was one of many greetings sent during the study. As such, it is a good
example of an age-old practice familiar to anyone from numerous
ordinary situations in everyday life.” Greeting such as this typically
were routinely acknowledged, if replied to at all. These are examples
of “routinized” communication patterns and ways of communicating
things and, as such, fit the notion of genres. However, a closer look
reveals that people do not merely take this material and shove it in
a ready-made set of response types, series, or sequences. For exam-
ple, greetings enable creative spin-offs. Later that afternoon, Tuomas
recycles Hanna's tired-looking photo, sending a mock personals ad
to everyone in the group.
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Example 2 (continued)
From Hanna to Tuomas:
“Morning!”

From Tuomas to all:

A “I am 20, a hot sassy panther lady from the city!
You hunk of male, catch me if you dare!—Always on the
prow!”

Tuomas used this reply to step outside routine communica-
tion patterns, and thus opened himself to an affectionate and quick
counter attack. Hanna replied with two messages. The first, jocular
message consists of a similar ad on behalf of Tuomas, with a primi-
tive wooden sculpture representing him. The second message offers
the contents of a diaper to Tuomas, thus displaying her disapproval
of the earlier message in a strikingly literal way. She did not have to
use a bad word with this picture. After the first message, there was
a natural slot for Tuomas to take his turn, but the second reply cuts
in and efficiently kills the line of conversation.

From Hanna to Tuomas:

B “I am Tuomas of the Jungle, 37, humbly known as the king
of the forest. Seeking a wild 60 yr-old jungle woman to come
and grab me off the vines.—Dangling yo-yo.”

From Hanna to Tuomas
C And just for daddy.

The morning greeting above could have initiated a routine
exchange of greetings. However, people do not always behave as
expected. People may be humorous, witty and, at times, even nasty
to each other. Even routine interactions can, and are, exploited in
innumerable ways—not in line with the pattern, but to make a
point here-and-now. Human activity often is creative, which makes
it difficult, if not impossible, to model. Any system designed to
support communication has to provide room for these outbursts
of creativity.

Sharing Photographic Experiences as They Happen

Our third example, from Mobile Album, shows how categories
emerged in action rather than explicit negotiations. Mobile Image
already taught us that the notion of “category” does not properly
support action through mobile multimedia. However, since Mobile
Image was based on collecting actual messages, it did not provide
us with access to what people actually do when they get multimedia
messages and decide to respond to them. It was this work that we
probed in Mobile Album.
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To take an example, one group of images that emerged in
Suomenlinna consisted of round shapes. The first images in the
series were inspired by one accidental shot in which one participant
was eating and her mouth was wide open. Others soon picked up
the cue. A few minutes later, there were many similar pictures as
some participants started to take pictures of each other’s mouths. At
this stage, the newly created collection of round shapes was labeled
“mouths,” after which more pictures of similar or closely related
shapes were added, including openings of tunnels and beer cans
shot from above.

This example shows that the process of creating the metaphor
of “mouths” from the originally descriptive term was stepwise and
collaborative. Several people participated in creating the category,
which became a source of fun as the mouth metaphor became
increasingly more complicated. This example also shows that the
abstraction process was social, since several people participated in
creating the category, which became a source of fun as the “round
shapes” category became increasingly rich in content.

Indoors, the second study of Mobile Album was from a cock-
tail party situation. We wanted to study how people create meaning
in the situation using our experience prototype in the absence of the
clear-cut visual structure of Suomenlinna, where the scenic fortress
island itself and the easily identifiable physical activities within
provided a natural conceptual structure for the event. In contrast, as
the main activities in Indoors were socializing, eating, and drinking,
there were fewer visual elements and less action to capture on film.
Consequently, people started to crop and cut shapes out of photos,
and create panoramas and collages not only out of photos, but also
using physical objects such as candies that were glued on the paper
prototype. Instead of creating collections of similar objects—as at
Suomenlinna—the activity was geared towards editing and manipu-
lating the otherwise monotonous visual scenery. However, although
the methods of creating meaning were different, the process was just
as social. For example, when we traced the process later from the
videotapes, all collages in the template were created collaboratively,
the idea of cropping and cutting images with scissors having been
similarly picked up from earlier creations by others.*

In Mobile Album, our design conclusion was to suggest that
any system for storing albums would have to offer the opportunity
to keep categories plastic, renameable, and open so that people
could create and edit categories at will. In contrast, systems relying
on ready-made categorization schemes or automated classification
systems do not support the discovery and fun inherent in collabora-
tive album-building. Furthermore, we argued that the need for image
editing or assisted storytelling abilities do not exist in the abstract,
but are tied to the nature of the activity; some events are reportable
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as is, while others cry for assistance of some kind. Our analyses were
translated into scenarios of how people classify images into groups;
how they turn these classifications into fun, and how classifications,
once created, direct social interaction in the future.

Discussion

Interaction design has created a knowledge base from a variety
of disciplines. Primarily, the field has turned to usability research,
cognitive psychology and, to some extent, CSCW in the search
for concepts and theories. Through these choices, the field tends
to have an individualistic tendency. With few exceptions, social
action is studied at the workplace rather than in mundane contexts.
However, when interaction design has matured, it increasingly has
had to address technologies that people use to do things with other
people in settings not constrained by the tasks and rules of the
workplace.

This paper has described how one can use prototypes in
studying social interaction with and through technology. One
example has come from a study of one particular technology:
mobile multimedia. We have demonstrated that it is possible to
study how prototypes function in social interaction. In the three
studies reported, we observed how groups of friends and acquain-
tances invented ways of using mobile multimedia technologies. We
have gathered log data, actual messages, interviews, and videotapes
to make sense of how people invent uses for these representations
while interacting with other people. The representations have been at
a variety of technology levels, from paper-and-scissors to prelaunch
products and services.

Our approach to prototyping social interaction was inspired
by Buchenau and Fulton Suri’s notion of experience prototyping,*
but our interest is the emergence of social activities rather than how
experiences take shape in these activities. Our primary goal was
not to create a shared experience that could later be used as a refer-
ence point in design work, but to create a setup in which we could
analyze in detail how people construct messages; for example, how
messages form sequences and how category systems evolve. We have
not simply gained insight and inspiration or tested our ideas based
on what we have witnessed in our studies, but also described and
modeled several social practices for the purposes of product devel-
opment. Thus, our contribution relates not so much to prototypes
per se, or their role in providing for user-designer interaction, but to
the ways of looking at the data prototypes generate when exposed
to social action. Although this work was partly based on ethnometh-
odology and conversation analysis, insights from these studies also
have led to a new understanding of user experience as co-experi-
ence—as something people create together.> Another difference is
that, in our opinion, prototyping social interaction requires an even
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more open approach to prototyping than experience prototyping.
If people are given the time and opportunity to explore technology,
they will develop uses for it with others.” The main similarity is that
the prototype does not have to be technologically advanced, detailed
in design terms, or expensive.

There are several reasons for prototyping social interaction.
Many technologies—for example, mobile multimedia—are inher-
ently social. There is a place for ergonomic and usability studies,
but to fully understand the design potential of technology we need
to understand what interpersonal activities it might support. Still,
many if not most ways of describing social action use social activities
as resources rather than study them in detail.* In contrast, we treated
our prototypes only as bases for social interaction, which became the
topic of analysis. These studies were not aimed at producing product
ideas, but to make sure that such ideas are based on a solid under-
standing of the intricacies of social interaction and what happens
when the prototype is embedded in social action. It is then up to
project constraints, design teams, and the maturity of organizations
to turn this understanding into product ideas. Our approach is more
in the tradition of ethnographic research, primarily aiming at better
understanding of human behavior in this technological context. It
should be judged in terms of its ability to generate theory that helps
the design field more generally—not simply in terms of its ability to
serve the contemporary needs of developers.”

Our study has dealt with mobile communications technol-
ogy. Mobile multimedia have provided us with a perspicuous setting
that makes social phenomena observable and reportable in sufficient
detail. A similar approach has been used in a variety of other settings
such as exploring how audio files can augment photography.* This
raises the question about whether the prototyping social approach
can be applied to “slow technologies” such as intelligent furniture
or textiles.” Another open question is the place of prototyping social
interaction in the design process. The answer to both questions
depends on the presumption that our point is conceptual—aimed
at advancing a shift in thinking rather than suggesting something
totally new for the most advanced design practice. The approach
advocated in this paper can easily be adapted to researching, say,
interaction with robots or intelligent textiles. If for practical reasons
one can do only one prototype, then it is wise to conduct research
early on in the design process, when design drivers still are open.
However, as our examples have shown, research can be conducted
at considerably later stages of the design process just as well. In the
final analysis, the purpose of prototyping social interaction is not
so much about saying what the future product or system should be
like. Rather, it is about providing a more accurate description and
understanding of the social phenomena related to the product or
service idea.
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Emergent Interaction:

Creating Spaces for Play

Ben Matthews, Marcelle Stienstra,
and Tom Djajadiningrat

Introduction

Designers of technology always have designed for interaction.
Everything in the built environment is made to be used in some
way, by some people, for some purposes, irrespective of how periph-
eral any notion of “interaction” may have been during the design
process. If the practice of interaction design deals with matters such
as the determination of what interactive devices should be built,
how functionality can be accessed, and how products can facilitate
interaction, then among the questions that face interaction design
“research” are methodological concerns such as how we should seek
to understand what is built and how it is used—the implementa-
tion of technology and its appropriation. We will address these latter
issues in this paper.

“Interaction design” is a relatively recent term. In one sense, it
is a document of the recognition of the importance of understanding
the development and consumption of technology as being irredeem-
ably situated in human, social, and organizational contexts. Yet it
also is an acknowledgement of the central role of the designer in
shaping human interaction with technology. As a disciplinary label,
interaction design is a purposeful delineation from the more analytic
discipline of human-computer interaction (HCI), a field to which it
owes a historical and practical debt.

This shift from HCI to the focus on the design of interactive
systems carries with it familiar (to this audience) difficulties for the
conduct of research. Only a few years ago, design research was char-
acterized as an activity in search of a definition® in reference to the
methodological pluralism and breadth of focus of research conducted
within the field. Just how one should design, study design, conduct
studies to inform design, and generate “design knowledge” continue
to remain open questions for design research, with many competing
perspectives being offered.” These issues in design research are a
more attenuated predicament for interaction design research, particu-
larly when one considers the breadth of settings in which interac-
tive devices are now used, and the topics of interest to interaction
design.
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Diverging Technologies, Settings, and Practices

First, one may consider the consequences for research of the
increasing diversification of technology, and the (parallel) breadth
of settings in which it now is used. The office, formerly the arche-
typal setting for the consideration of human-computer interaction,
is losing ground in light of the realization that dichotomies such as
work/play, domestic/ commercial, amateur/ professional continue
to be blurred through the emerging patterns of use of distributed,
mobile, and ubiquitous technologies. Where once sharp lines may
have been drawn between, say, work and leisure; increasingly we
see only shades of grey. And this is true whether we are speaking of
work times, work places, or work tools. Thus, office environments
are less likely to provide designers with a realistic gamut of where
and how work technologies will be used and appropriated in use.
This predicament constitutes a methodological issue when new tech-
nology is designed not simply to support existing practices (as tradi-
tionally has been the strength of research in computer-supported
cooperative work (CSCW)), but to introduce wholly new practices,’
suggesting that even basic methodological matters for research such
as what to topicalize, what to look for, and where to find it are not
necessarily straightforward for interaction design.

The Conceptualization of Interaction Design Topics

The diverging settings of use, general diversification of technology,
and introduction of novel practices are factors that have encouraged
interaction design researchers to focus on issues broader than those
inherited from HCIL, and to question existing conceptualizations of
topics. Interaction design research already demonstrates distinctive
disciplinary foci. Notions such as aesthetics of narrative, * expres-
siveness,® aesthetics of interaction, ¢ aesthetics of actions,” experience
design, ® affective computing, ° and embodiment® exhibit, in different
ways, an orientation to the complexity of the networks of people,
activities, and contexts brought into relationship by technologies.
This too becomes a methodological difficulty due to the nature of
these concerns.

For example, consider the increasing interest in the user’s
“experience” as the object of design™ “Experience” (like other grails
of design research such as “aesthetics”) is a term that is not easily
amenable to being operationalized in research. It is better understood
as a “family resemblance” * concept in that it can be intelligibly used
in a range of subtle, but important, different ways. Such terms take
their definitive sense from their use in a local context. Thus, opera-
tionalizing such a concept for the purposes of research can get us
no closer to “what it is,” since stipulating an operational definition
denies the flexibility that the term ordinarily enjoys in vernacular
use. There is no core platonic essence of “experience”: the term is a
polymorph. Research that attempts to operationalize notions such
as “experience” may, in some cases, tell us something of interest
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about the particular sense stipulated in its operationalization; and
may be useful as benchmark-type means of comparison across cases
(although exactly what is being compared is still an issue). However,
the results of such research cannot be mapped back onto the range of
phenomena or uses ordinarily associated with the term (be it “expe-

"o "o

rience,” “emotion,” “aesthetics,” etc.), since their ordinary use is not
so constrained.” The point is that a priori definitions (theoretically
informed or otherwise) do not help us investigate context-bound
issues such as “user experience” or “interaction aesthetics.” For
similar reasons, laboratory experiments, questionnaires, and other
analytically-specified frameworks for investigation often fall afoul of
these same methodological troubles. These notions must be investi-
gated in context, and in use, if we are to attempt to illuminate their
ordinary and actual nature.

Furthermore, interests in such notions as “experience” have
encouraged researchers to problematize extant conceptualizations
of topics, and seek theoretical insight from fields beyond design
research and HCIL." One such conceptualization that serves as an
apt case in point is Norman'’s * influential discussion of good /usable
design in terms of the fit between the designer’s “conceptual model”
of the behavior of a product, and the user’s “mental model.” Norman
suggests that to the extent there is a “meeting of minds” between the
designer and user through the product’s behavior, the design can be
seen as successful. This particular conceptualization continues to be
of great importance to the field and practice of interaction design.
But we should note that it is not merely an idle characterization. On
the contrary, it encourages an understanding of successful design as
contingent upon accurate predictions of users’ interpretations and
behavior. It defines as problematic deviations from “intended use,”
and it characterizes the artifact’s purpose in a (largely) instrumental
and semiotic manner. It could be argued that such a conception has
informed even the label “interaction design” insofar that it is under-
stood as the design of interaction.

It is here that we see the potential to cross-fertilize interaction
design research with theoretical perspectives adopted from other
disciplines. In this paper, we want to problematize the notion that
interaction design is the design of interaction. We argue that it is not
interaction per se that designers of products and systems design,
but that the relationship between design and interaction-in-use is
complex. We illustrate this through an empirical analysis (based on
naturally-occurring, in situ, video data) of the use of two interactive
devices for children, demonstrating how emergent forms of interac-
tion arise in use. The product domain these cases are drawn from
(i.e., game/toy design) is fitting for a consideration of aspects of
interaction such as engagement, appropriation, interaction modali-
ties, and interaction aesthetics.' The cases explore the benefit of
moving away from conceiving of “good” design primarily in terms
of fitness for purpose, efficiency, clarity, and effectiveness. We intend

Design Issues: Volume 24, Number 3 Summer 2008



20

21

22

For example, Edward Woodhouse and
Jason W. Patton, "Design by Society:
Science and Technology Studies and the
Social Shaping of Design,” Design Issues
20:3 (2004).

Madeleine Akrich, “The De-scription

of Technological Objects” in Shaping
Technology /Building Society, Weibe E.
Bijker and John Law, eds. (Cambridge,
MA: MIT Press, 1992).

For example, Donald A. MacKenzie and
Judy Wajeman, The Social Shaping of
Technology: How the Refrigerator Got
Its Hum (Milton Keynes: Open University
Press, 1985); and Nelly Oudshoorn and
Trevor Pinch, How Users Matter: The
Co-construction of Users and Technology
(Cambridge, MA: MIT Press, 2003).
Compare Lucy A. Suchman, “Office
Procedure as Practical Action: Models

of Work and System Design,” ACM
Transactions on Information Systems 1:4
(1983).

Madeleine Akrich, “The De-scription of
Technological Objects”: 208.

Peter-Paul Verbeek, “Materializing
Morality: Design Ethics and Technological
Mediation,” Science, Technology, and
Human Values 31:3 (2006).

our discussion to contribute to the budding dialogue between the
fields of design research and science and technology studies,”
drawing on Akrich’s'™ notions of “scripts” and “de-scription.” These
enable us to rethink inherited conceptualizations, such as the role of
the designer, and to clearly articulate emergent forms of interaction
in use. Our analysis of children’s play around these toys shows just
how meaning emerges locally from interaction, recommending that
understandings of interaction need be inherently tied to an in situ
examination of sites of use, and that these understandings may well
defy abstraction from those sites.

Scripts, Social Constructivism, and Technological Determinism
The nature and scale of the designer’s role in shaping the material
world is a contested one. A number of discussions in science and
technology studies® contrast technological determinism with social
constructivism. In determinist views, technology itself is credited
with a pervasive responsibility for shaping users” worlds—the nature
of the technology released into the world determines much of that
world: what is used, who can use it, and how it is to be used. In this
view, users are channeled into acting in certain ways by the tools
they are conscripted to interact with. In contrast, constructivism
grants social actors the agency to willingly create their worlds—
people are responsible for generating and sustaining the meanings
that technology has, and the uses to which it can be put. Here, what
technology “is” does not determine, but is itself determined by,
social praxis.

However, for scholars such as Akrich, neither of these
accounts is sufficient. Instead, she charts a middle ground, intro-
ducing the dual notions of “scripts” and “de-scription” to attempt
to account for the active role that both designers and users have in
negotiating the technology’s consequent meaning and use. Her point
is that designed objects are inscribed with (designers’) assumptions
about the world in which the product will be used, who will use it,
etc.® This provides a “script” for a play between user and product
which dictates certain roles to be enacted in use. At the same time,
there is no guarantee that users will play these particular roles.
Indeed, users are quite free, in many circumstances, to define their
own parts.” Therefore, on the one hand, the object redefines the
user’s world by virtue of what it is; while, on the other hand, the
object itself is redefined through being “dis-placed” into a setting
that was not completely or accurately envisaged for it, and one in
which it is never only used according to plan. For Akrich, this is the
play of “de-scription”—that technology, use, actors, and settings are
mutually constitutive of one another.

Obviously, this discussion is relevant for interaction design,
both for grasping the nature of the role and responsibility that the
designer has in shaping the material world,* and for attempting to
understand the complex relationships that emerge in use between
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people and products. When determining how we can better under-
stand the ways in which technologies are appropriated in use, we are
committed to exploring not only products-in-themselves, but their
active role in constituting and being constituted by users in interac-
tion. Furthermore, in this domain, the contrast between the concepts
of “games” and “play” is analogous to that between determinism
and constructivism.

Games and Play

It is difficult to conceive of games without rules: games, in order to
be games, must be played in a certain way. They have a structure.
Games definitively contain a (usually explicit) script in Akrich’s
sense. While many games permit multiple ways of playing, there
always must be a wrong way to play—a “game” is not a game if
there cannot be a spoilsport. Game designers create a structure
(through the rules of the game) in which players can participate,
but designers are unable to design the players” experience,” which
cannot be completely determined in advance. It must be enacted. The
experience is made possible through, but not dictated by, the rules of
the game. This point is complicated when we, following Akrich and
Latour, begin to consider the “tools of play” as participants in this
scene—devices for gaming (e.g., joysticks or gamepads) also carry
scripts which operate in parallel with those of the game.

On the other hand, play may or may not be game-like. While
it is certainly true that we play games, the notion of “play” is much
broader than “game.” Gadamer indexed the range of uses of the
word in his discussion of the nature of “play”:

[W]e find talk of the play of light, the play of the waves,

the play of a component in a bearing-case, the inter-play

of limbs, the play of forces, the play of gnats, even a play

on words. In each case, what is intended is the to-and-fro

movement which is not tied to any goal which would bring

it to an end.*

Clearly, there is play both within and outside of games. And as
Gadamer notes, play also can be the suspension of goal-directed
activity (whereas most games trade on ultimate goals, winners and
losers, etc.). Play can be for play’s sake. This distinction between
play and games is instructive for our analysis of the following two
design cases.

Interactive Tiles for Children’s Play

In a project conducted in collaboration with two Danish companies
and two other research institutes interested in designing interactive
playgrounds, we participated in the design of simple interactive tiles
for children’s play. The original purpose of the collaboration was
to find ways of creating technologically interactive play equipment
with the (ultimate) aim of contributing towards reducing the prob-
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Figure 1
Sequence of children using the tiles
as stepping stones.

25 The design iteration of the tiles we
discuss here was not the final product of
the collaboration, but only an intermedi-
ate “provocateur” intended to enable
the design teams to better understand
children’s play activities around technol-
0gy.

lem of childhood obesity. It was thought that there might be design
possibilities for increasing children’s opportunities for physically
active play without decreasing their opportunities for interacting
with technology. Here, we will maintain our focus on the products
in use—how children at play used the interactive tiles.

The tiles are very simple devices.” Measuring 30 x 30 cm in
area, 6 cm in height, and weighing about 2 kg, they only have two
states, and only do one thing. On their top surface, each tile has been
fitted with nine two-state (blue and red) LEDs, and when the tile is
stepped on, all nine LEDs change from their current state (e.g., red)
to the other (blue). Each tile operates entirely independently of the
others.

In the situation we describe here, fourteen of these tiles were
delivered to a primary school’s activity rooms and outdoor play-
grounds, where school children (aged between 7 and 12) were free
to play with them. The activities we detail here were spontaneous
in the sense that the children engaged with the tiles without instruc-
tions or suggestions from the project team. In these cases, the tiles
simply were placed at the school for the students to play with as they

wished. Each of these “games” emerged from their play.

Stepping Stones
One of the uses of the tiles was as something akin to “stepping
stones.” The tiles were spread apart on the floor, and children would
step across from one to the other (see Figure 1). Children attempted
to change the color of the tiles as they stepped onto them, before
moving on to another tile. Virtually all of the children attempted
to stay on the tiles without having to step on the gymnasium floor.
A pair of girls made use of the colors of the tiles, only permitting
themselves to stay on tiles that were blue. Red tiles were treated as
“hot,” and were jumped off of as soon as possible. These two girls
ping-ponged around the tiles until they managed to land on a blue
tile (which they attempted to step on lightly so as not to change its
color to red). Other children played other games, such as trying to
push each other off the tiles, hopping from one tile to the next trying
to throw other children off balance in the process.
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Figure 2
Sequence of children playing with rows
of tiles.

Figure 3
Sequence of images of the line race.

Rows of Tiles as Playing Fields

One unexpected property of the tiles emerged through our observa-
tions of the children’s play. A number of the tiles” sole function (the
ability to change color from red to blue and back again to red) was
inconsistent, due to variations in the material tolerances of their
construction. Sometimes when children stepped on a tile, it wouldn’t
change color. Then maybe, as they stepped off of it, the pressure of
switching to one foot and transferring their weight as they moved
would work to change its color to blue. This “inconsistency” proved
to be consequential to a number of the uses to which the tiles were
put. For example, several groups of children arranged a series of tiles
into rows, “setting up” the lane by switching all of the tiles to red,
for instance. On one occasion, two girls created such an arrangement
with four tiles (Figure 2). They then took turns to run across all of
the tiles, attempting to change the color of each tile as they stepped
on it. Several times, however, at least one or two of the tiles would
stubbornly remain red, in spite of the fact they were stepped on.
This presented the next girl with a row that had “gaps” (one or more
unchanged tiles). She then used the remaining pattern as a challenge:
only step on the altered tiles. Multiple patterns of red and blue tiles
emerged from a combination of the tiles’ being used in this way and
their functional inconsistency. These worked in concert to increase
the challenge of the game.

Line Race

One of the more organized uses of the tiles consisted of a “line race,”
(Figure 3) in which two rows of seven tiles were spread apart on the
floor. The children “set up” the lines by switching all of the tiles to
blue. They split into two groups, and each group lined up behind a
row of tiles. The race was on, and one child after another would run
across the row of tiles attempting to change the color of each tile as
he or she ran. As before, however, the tiles’ inconsistency again was
consequential. Again, the children incorporated this feature into the
rules of their game, whereby the next runner was not allowed to run
across the tiles until the previous runner had successfully switched
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the color of each tile. Thus, the game became not just about which
team could run across the tiles fastest, but about which team could
manage to switch the colors of the tiles with the least “faults.”

Tiles Discussion

This range of uses of the tiles draws out several features of their
design and use that have direct bearing on interaction design
research. First, the simplicity of the tiles (single function/dual state)
belies the wide range of uses to which the children easily put them.
Furthermore, what we see taking place with the tiles is not a simple
function of anything that might have been consciously entertained
by their designers. Latour’s famous “anthropomorphization” of tech-
nologies as “nonhuman actors” * is poignant here, since we cannot
completely account for the uses of these simple devices in terms of
what their designers conceived for them.” Nor would we benefit
from evaluating them with respect to their congruence with design
intent.® The difficulty is in predicting precisely how the system will
be put to use. What we see happening here is not simply a product of
“what the designers imagined,” nor of “the actual properties of the
tiles,” nor of “what the users created in context.” There is a complex
relationship between these that becomes visible in an analysis of use.
This raises an important methodological point for design research:
if we seek to understand the relationship between design and use,
we cannot hope to account for this simply by studying designers,
analyzing products, or understanding contexts of use; though clearly
each of these has an important role to play in contributing to such
an understanding. This recommends a fundamentally different (in
situ) method of investigation than often is seen in studies of design-
versus-use topics such as aesthetics.”

Secondly, we acknowledge the difficulties we encounter in
attempting to analytically circumscribe the “system” that is evident
in play. Recalling our previous discussion of games and play, we
see both the stability and the tenuousness of the structures of the
games that emerged during children’s play with the tiles. It is
clear from our cases that the children frequently used the tiles as a
“system” in the sense that the uses to which the tiles were put were
dependent on their relationship to other tiles, other children, and
some “rules” of play that were explicitly or implicitly negotiated in
use. The “systems” that existed here were ones that were brought
into existence in use; created and sustained through the play. This
underscores what may be a valuable point for interaction designers
by virtue of the fact that these systems that we saw in play were not
themselves designed. The point is that “spaces” for play (for multiple
and varied uses of the tiles, or for competing and sometimes contra-
dictory meanings of the tiles) were created through the openness of
the design of the tiles. Furthermore, the fact that the tiles were not a
part of a formal system (e.g., the tiles had no capacity for responding
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Figure 4
Twistyertouch interaction mat.

to the states of other tiles) contributed to the wide range of uses we
saw emerge in play, where the creation of “systems” was a negoti-
ated feature of use.

Finally, we note the variability of the meanings of the tiles
depending on their circumstances of use. Here we find ourselves
unable to talk about the meaning of the tiles independently of their
particular employments in the system in which they currently play
a part. We can see this in instances where the colors of the tiles had
specific meanings (e.g., blue tiles being “safe” and red ones being
“hot”); also where the colors themselves did not have a meaning, but
their state (changed or unchanged) relative to the game being played
did (e.g., in the line races); and other cases where neither the colors
nor the change of states had any particular use for the game being
played (e.g., where the arrangement of tiles was used as a playing
field). What we see taking place here is akin to the interdependence
of elements in a “gestalt-contexture,” * where the meaning of each
part of a figure is contingent upon its relation to the others. Yet in
our case, we do not speak of a visual arrangement, but of a complex
relationship between people, technology, and settings existing in
use. The contextures we are considering (e.g., the different games)
are in flux, as are the meanings of their parts (e.g., the tiles). Again,
it makes little sense to ask which gives rise to the other. How it is
that the properties of the tiles afford the specific games being played
is in no sense a deterministic relationship; yet, clearly, had the tech-
nology taken a different form, these specific games would not have
been possible.

Designer Toys for Interactive Games

In another project recently conducted in collaboration with Philips
Research, three “toys” were designed as input devices for a video
game.” A key aim for the designs was to provide physical and fun
ways of interaction. While the original objective of the research was

Design Issues: Volume 24, Number 3 Summer 2008



to investigate gender differences among the children’s preferences
for interaction input devices to the game, we will examine just one
of these input devices here as a point of comparison with the tiles
discussed earlier.

The input device, “Twistyertouch,” is a “physicalized” play
mat. On a 160 x 160 cm footprint stand, four cubes, each measur-
ing 40 x 40 x 40 cm (see Figure 4). Each visible surface is covered
with a soft cushion of a specific color. A button is positioned in the
center of each surface, covered by a cushion. The button is activated
by contact with the cushion, and there is audible feedback when a
surface is activated.

In the context of the original study (where Twistyertouch was
compared with two other toys), the play mat functioned as an input
device to operate a fairly simple screen-based navigation/maze
game. This game was displayed on a large screen positioned near
the toy. The goal of the game was to direct a rabbit towards carrots
that appeared and disappeared at different times and places in the
maze. The children obtained points for each step that they managed
to maneuver the rabbit through the maze, and “eating” a carrot
earned bonus points. To move or change the direction of the rabbit,
the children had to activate all the cushioned surfaces of a certain
color. Next to the maze on the screen was a legend indicating the
relationship between actions and cushion colors, and also how many
(but not which) cushions had already been activated. This setup
resulted in players constantly shifting their focus of attention: from
the screen where the game was taking place, to the Twistyertouch
where the interaction was taking place, and back again to the screen.
Each game session lasted four minutes, and the the team was showed
their final score.

Interacting with a device that was physically (proportionally)
large, and collaboratively working towards the same goal—navi-
gating the rabbit—created a structure in which the players interac-
tively developed strategies to play. For example, children frequently
divided the tasks they had to complete. One might look at the screen
to see which color cushion had to be activated and how many there
were left to be activated, while the other would look where these
specific cushions could be found on the Twistyertouch in order to
speed up the process. Children gave each other directions for which
), and they would

17

cushion to activate (“that one there, yeah great
run around looking for specific colors, and shout them out to their
friends (“Now pink!”).

In a similar manner to the tiles discussed above, the construc-
tion of the Twistyertouch had consequences for play. For instance,
the cushions on the play mat did not just hide the buttons under-
neath from view, but also made them more insensitive. Thus, the
buttons did not always react when the cushions were hit. This
encouraged children to play more aggressively: they sat on the
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Figure 5
Sequence of interaction with Twistyertouch.

cushions, punched them, jumped on them, kicked them, etc. in order
to activate the buttons (see Figure 5). Players also made use of the
fact that a cushion could only be activated in and around its center:
they found out that they could move around mat by hanging on the
edges of the cubes without touching the surface on the floor which

also was equipped with buttons.

Children also discovered and seized upon the absence of
certain rules of the game (i.e., moves that did not have consequences
for play). During play, some children realized that it didn’t matter if,
in the process of trying to reach one specific cushion, they acciden-
tally activated a cushion of another color, as long as not too many
cushions of any one other color were activated. Thus, activating the
“wrong” cushions became used as a means to move across the mat
in order to activate the “right” ones more quickly—children would
step on a blue tile on their way to kicking a yellow one in, saving
them the time it would take to hop off the Twistyertouch and run
around it to the next yellow cushion.

Twistyertouch Discussion

In this case, we can see that even in fairly tightly scripted games
such as this (e.g., where there are defined rules, scores, and right
and wrong moves), strategies emerge that make use of much more
than merely the rules of the game. Players are able to create, define,
and negotiate “styles” of play both by virtue of, and in spite of, the
relatively restrictive script the game embodies.

In comparison to the tiles, we also see different aspects of
interaction emerge with respect to the Twistyertouch. With respect
to the structure provided by the game and the observability of
novel strategies of play, it is much easier for notions such as “chal-
lenge” and “skill” to take a foothold, and, consequently, to be able
to speak meaningfully of “engagement”: the interaction we witness
is competitive, purposeful, and deliberate. However, we also can
see disjointedness between the site of interaction (the mat) and the
site where the scripted meaning of the interaction (e.g., orienting/
moving the rabbit) plays out (i.e., on the screen). The Twistyertouch
mediates the play in a manner that has no direct analogue in our case
of the tiles. With the tiles, interaction is the play itself; activating a
tile is identical and coterminous with making a move on the field of
play. Thus, there is a qualitatively different relationship between the
interaction and its meaning in the two cases; one that is quite clearly
understandable as a consequence of the differences in the nature of
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the scripts inscribed in the products. With the Twistyertouch, rela-
tionships between cushions and actions in the game are specified in
advance by the system.

This brings into relief one final contrast by virtue of our
earlier discussion of “gestalt contextures.” Where the tiles are,
what they are (e.g., their state), and what they “mean” is locally
and inherently tied to their place in the contexture. However, we
see a noticeably different picture with respect to the Twistyertouch,
where “fixed” uses have been inscribed into the mat-game system.
Of course, the point is not to suggest that there is some optimum
trade off (for designers or users) between scripting possibility and
constraint, but instead that each affords different degrees and variet-
ies of emergence.

Discussion

Considering emergence in use, we now might ask how should
interaction design research proceed? What should it seek to study,
and how should it be investigated? In a highly relevant discussion,
Redstrém has charted the shift in focus of design research from the
design of products to the design of the user experience.” He finds
this move problematic for a number of reasons: that design cannot be
rigorously grounded in existing use practice, since none exists prior
to its implementation;® that designers therefore are left to predict
the use of the product; and that actual use often can be radically and
ironically different to anticipated use.

In a recommendation analogous in several respects to our
discussion of “spaces for play,” Redstrom advises designers not to
“overdetermine” use. But just how designers are to do this, and do
this well, remains an open question. One possibility is that of Gaver
et al.,* who advocate ambiguity as a design virtue. Yet they also
warn against designers using such openness as a license for creating
frustrating and confusing products. The “ambiguous” design direc-
tions they promote (e.g., blocking expected functionality and using
imprecise representations) may be a notable beginning. However,
as with other design recommendations (c.f. principles of “good
design” such as affordances, feedback, mapping, etc.), they are as
easily prone to being misapplied and badly implemented as they
are to being profitable as design advice.” Furthermore, we would
argue that there is no guarantee that particular characteristics of any
design (e.g., “inconsistencies”) will be universally responsible for
particular experiences of use (e.g., “spaces for interpretation”). As
in the cases we have presented, the attribution of responsibility for
specific forms of emergence in use to particular features of systems
is an achievement of retrospective analysis, and one that may be
unlikely to function unproblematically as a normative or prescriptive

resource for designers.*
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Surely, a hazard endemic to operating with the subtle charac-
terizations of the interrelationships between design and use articu-
lated by theorists such as Akrich is their obstinacy to translate into
prescriptive design guidelines.” This does not mean that designers
cannot employ understandings of how existing forms of emergence
arise in use to inform new designs. However, it does suggest that
the ways in which novel forms of interaction emerge can only be
partially understood with reference to aspects of the product under
the control of designers; moreover, emergence is inherently tied to
the relationship between product and context brought into being in
use. In an important sense, designers create the rules within which
users develop emerging modes of use;* but as we have argued,
this is a constitutive rather than a deterministic relationship. Still,
we maintain that such theoretically informed forms of analysis are
valuable in spite of the fact they do not easily map to design recom-
mendations.

For one thing, they enable designers to rethink inherited
conceptualizations, such as what design work actually consists
of, including the role of the designer. This is valuable not because
existing conceptions (such as Norman'’s) are misguided or unhelp-
ful, but because alternative perspectives can open new horizons to
design; encouraging designers to reassess the nature of their own
work and responsibilities. We have tried to illustrate the potential
value of moving beyond conceptions of design work as solving
problems and meeting users” needs or unarticulated desires. In our
cases, design for emergence was not achieved by virtue of designers
having a clear idea of such things in advance, but rather was tied to
the creation of spaces for meaning to arise in use. We hope that such
considerations might work to challenge the design of interactive
technologies toward novel styles of interaction, whether they are
inscribed into artifacts, or the result of users’ creative appropriation
of the spaces left unscripted by designers. Furthermore, the analy-
sis reveals how products come to be as they are in use—whether
enjoyed, tolerated, unpredictable, frustrating, or useful. Analysis of
use, with the aid of theory, becomes a resource for designers to gain a
view of how products and systems can and should be different. The
diverse body of extant theory in cognate disciplines, coupled with an
empirical examination of sites of use, can enable designers to better
conceptualize the complex networks of relations that technology and
its deployment bring into being.

Perhaps paradoxically, this understanding leads us to recon-
sider the welcome move towards “understanding context” prior to
designing for a setting. In cases such as ours, the introduction of
technology is itself an introduction of practice (i.e., no comparable
practices exist in the absence of the technology’s implementation).”
Thus, no prior study could furnish us with this understanding of
context. As we have seen here, many of the observations of the
use of the toys and tiles are neither products of the “context” that
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existed before their introduction (however that might be analytically
delineated); nor are dependent solely on the actual properties (e.g.,
form, interaction, functions) of the specific technology; but of the
tenuous “context” created and sustained in use. It is this “context”
that affords the possibilities and actualities of interaction; and this
context that must be examined to inform design. This, at least, makes
a clear case for where and how interaction design research must look
to understand “interaction.”

Finally, our discussion also may serve as a recommendation
to design researchers to be wary of attempts to romanticize, seman-
ticize, or abstract platonic interaction styles, aesthetics of form or
interaction, the “emotional” content of technologies, or a host of
other topics currently fashionable in interaction design research.
Appreciating the inherent context-dependence of the meanings of
technology and their relation to the forms of emergent interaction
exhibited in use has clear methodological implications for the types
of questions we can expect research to illuminate, and the types of
settings we must inspect for their clarification. The manner in which
we understand these matters demands that research appreciate how
such notions take their definitive sense locally, not globally.

Design Issues: Volume 24, Number 3 Summer 2008



1

Neil Gershenfeld, When Things Start to

Think (New York: Henry Holt, 1999), 102.

The Design of Implicit Interactions:
Making Interactive Systems

Less Obnoxious

Wendy Ju and Larry Leifer

Introduction

Imagine, for a second, a doorman who behaves as automatic doors
do. He does not acknowledge you when you approach or pass by. He
gives no hint which door can or will open—until you wander within
six feet of the door, whereupon he flings the door wide open. If you
arrived after hours, you might stand in front of the doors for awhile
before you realize that the doors are locked, because the doorman’s
blank stare gives no clue.

If you met such a doorman, you might suspect psychosis.
And yet this behavior is typical of our day-to-day interactions not
only with automatic doors, but any number of interactive devices.
Our cell phones ring loudly, even though we are clearly in a movie
theatre. Our alarm clocks forget to go off if we do not set them
to, even if we’ve been getting up at the same time for years. Our
computers interrupt presentations to let everyone know that a soft-
ware update is available. The infiltration of computer technologies
into everyday life has brought these interaction crises to a head. As
Neil Gershenfeld observes, “There’s a very real sense in which the
things around us are infringing a new kind of right that has not
needed protection until now. We’re spending more and more time
responding to the demands of machines.”

These problematic interactions are symptoms of our as-yet
lack of sophistication in designing interactions that do not constantly
demand the input or attention of the user. “Implicit interactions”—
those that occur without the explicit behest or awareness of the
user—will become increasingly important as human-computer inter-
actions extend beyond the desktop computer into new arenas; arenas
such as the automobile, where the driver is physically, socially, or
cognitively engaged. Traditional HCI—that involving a command-
based or graphical user interface-based paradigm—has focused on
the realm of “explicit interactions,” where the use of computers and
interactive products relies on explicit input and output. The values
and principles that govern good desktop computing interactions may
not apply when we apply computing to the products that populate
the rest of our lives.
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We humans have an abundance of experience in implicit
interactions. We successfully employ them in our daily interactions
without conscious thought: we modulate our speaking volume based
on ambient noise level, use smaller words when explaining things
to children, and hold the door open for others when we see that
their arms are full. These accommodations do much to smooth our
day-to-day interactions with one another, and yet are made without
an explicit command.? By understanding how implicit interactions
between humans help to manage attention, govern expectations, and
decrease cognitive load; we are able to cross-apply solutions from
one domain to another.

In this article, we present a framework for implicit interac-
tions to enable human-computer interaction researchers and design-
ers to understand the ways in which implicit interactions are distinct
from explicit interactions, and to provide guidance on when different
types of implicit interactions are useful. We also introduce the use
of implicit interaction patterns and analogues as a design methodol-
ogy. This method leverages the domain-independence of the implicit
interaction framework to enable interaction designers to draw gener-
alizations about interaction technique across application domains.
Together, the implicit interaction framework and its associated meth-
odology lay the groundwork for an emerging area of applied design
research’ focused on improving the interactions between people and
computer-based systems embedded in the world.

Approach

By outlining a design method that is useful in creating a broad class
of interactions, we seek to complement technology-based approaches
(which focus, for instance, on sensors and architectures that enable
implicit interaction), or analysis-based approaches (which would
investigate implicit interaction through studies and controlled
experiments) towards implicit interaction design. This design-based
approach has two main objectives: to be “generative”—that is, to
guide designers in a constructive fashion in designing implicit inter-
actions—and to be “generalizable”—that is, to suggest techniques
and methods that are applicable to interaction designers working
on a wide array of ubiquitous computing scenarios. Just as toolkits
provide a common architecture and library for software developers
working on similar classes of applications,* we want the implicit
interaction framework and methodology to help designers generate
designs for similar types of interactions.

Our approach differs from that taken by many researchers
working in the areas of ubiquitous computing. The usual approach is
to use ethnography and contextual inquiry techniques to character-
ize the ways in which the specific domain in question is unique, and
then to use some logic or reasoning system to deploy this domain-
specific knowledge. Such solutions to knowing when the cell phone
should vibrate silently, or when the alarm clock should chime, focus
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on solving these problems by making devices “smarter.” While this
approach is generative, it is rarely generalizable because the expert
knowledge of how to behave in one situation does not translate to
any other. But this absorption with modeling human intelligence
gives short shrift to the richness of human interactions. It focuses on
being “logical” rather than “courteous.” What if our true talent as
human interactants is less a wealth of situation-specific intelligence
and more a measure of situation-independent suave?

At the other end of the spectrum is the surplus of design
principles that aim to achieve implicit interaction through platitude.
Cooper and Reimann’s “About Face 2.0,” for example, provides the
following guidance for designing considerate software: “Considerate
software takes an interest. Considerate software is deferential.
Considerate software is forthcoming.... Considerate software doesn’t
ask a lot of questions. Considerate software takes responsibility.
Considerate software knows when to bend the rules.”® This is not
bad advice—it certainly is general enough—but these guidelines do
not actually help designers determine when an interactive system
should take an interest, and when it should not ask a lot of questions.
It is important to provide a vocabulary and an approach that allows
designers to more easily reason about what degree of implicitness
or explicitness is desired in the situation they are designing, and to
hypothesize how they might create the appropriate experience.

A Framework for Characterizing Implicit Interactions

This framework models interactions as the exchange between a
person (sometimes called the user or actor) and a machine (some-
times referred to as the computer, robot, or, more generically, the
system). This is limited to describing dyadic relations, but provides
a useful basis for modeling basic interactions.

Implicit interactions enable communication without using
explicit input or output. One way that an interaction can be implicit
is if the exchange occurs outside the attentional foreground of the
user. This occurs in traditional computing—when the computer
auto-saves your files, or filters your spam e-mail, for instance—as
well as in ubiquitous computing interaction. The other way that an
interaction can be made implicit is if the exchange is initiated by the
computer system rather than by the user—if the computer alerts you
to new mail, or when it displays a screensaver. (It may seem counter-
intuitive that something that grabs your attention could be implicit,
but it is important to remember that the interaction is based on an
implied demand for information or action, not an explicit one.)
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Figure 1
The Implicit Interaction Framework shows the
range of interactive system behaviors.

The implicit interaction framework (Figure 1) divides the
space of possible interactions along the axes of attentional demand
and initiative. Attentional demand is the attention demanded of the
user by the computer system. Interactions that demand the users
attention are foreground interactions, and interactions that elude the
user’s attention are background interactions. Initiative is an indicator of
who—and to what degree—is initiating an interaction. Interactions
initiated by the user are reactive interactions, and interactions initi-
ated by the system are proactive interactions. By characterizing interac-
tions in this way, we are able to generalize about the capabilities and
features of whole classes of interactions in a domain-independent
fashion.

The following are descriptions of interactions typified by each

quadrant:

direct manipulation l alerts
command interfaces - direction ﬁ]
q—é m Njtiative ey ‘
\ abstraction ! ambient
automation agents

The Framework in Action

To better understand the range of implicit interactions, let us
consider this example: Our friend Terry sends us a link to a funny
animation that can be found online. To play the animation, we need a
Macromedia® Flash plug-in installed on our computer. The following
cases show different ways that the plug-in may be installed:

CASE 1: We see that the animation does not work. We
deduce that we need the plug-in. We find, download, and
install the plug-in.

This is a classic example of explicit interaction. This is far from a
unilateral activity on our part, because the computer is involved
throughout this process, but we are actively engaged in diagnosing,
deciding, and performing each step along the way.
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CASE 2: We see that the animation does not work. We
deduce that we need the plug-in, and ask the Web browser
to find, download, and install the plug-in.

CASE 3: Our Web browser shows that our animation does
not work because we are missing a plug-in. We find, down-
load, and install the plug-in.

The second and third cases highlight the different ways interactions
can be implicit. In case 2, we actively perform the task of problem
observation and diagnosis, but the individual steps of getting the
plug-in installed are abstracted away so we don’t have to attend to
each step. In case 3, the browser proactively identifies the problem
and suggests a solution, although we have to go through the steps
to implement it.

Case 2 is an example of abstraction; the plug-in installation
occurs in the background, so that we don’t have to actively and
explicitly perform each step. Case 3 is an example of alert, where
the interaction is implicit in that the system proactively diagnosed
and informed me of the need for the plug-in. These cases illustrate
how attentional demand and initiative affect the implicitness of the

interaction.

CASE 4: Our Web browser shows us that our animation
does not work and offers to find, download, and install the
plug-in. We accept the offer, and the plug-in is installed.

CASE 5: Our Web browser sees that we are trying to play
an animation that we do not have the plug-in for, and lets
us know that it is automatically finding, downloading, and
installing the plug-in.

CASE 6: Our Web browser sees that we are trying to play
an animation that we do not have the plug-in for, and auto-
matically finds, downloads, and installs the plug-in in a
background process.

These three cases show increasing degrees of proactivity and
presumption on the part of the Web browser, and decreasing degrees
of attentional demand. In case 4, there is a fair amount of demand
on our attention because we need to actively accept an offer. In cases
5 and 6, the plug-in is installed without any activity on our part,
but the last case is more implicit because no feedback is offered.
Although our actions in both cases are the same, case 6 is more
presumptuous because we do not have the opportunity to oversee
and possibly cancel the task.
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CASE 7: Our Web browser anticipated that we might want
to play a Flash animation someday, and already has down-
loaded and installed the plug-in.

This last case is the most implicit interaction. In fact, with so much
presumption and so little visibility, this last interaction may hardly
be considered an interaction at all, since there is no activity or aware-
ness on our part.

There is a range of ways to accomplish the task of install-
ing the Flash plug-in with different degrees of attentional demand
and proactivity. Which is the best? It depends a lot on the situation:
How capable is the user of installing this plug-in? How much control
does the user want over disk space or network bandwidth? How
concerned is the user about security? Just how funny is the anima-
tion Terry sent, anyway? Most plug-ins use a design such as the one
in Case 4 because it provides a happy medium.

As this example shows, although we speak of “implicit inter-
actions,” it is more accurate to speak of interactions being more and
less implicit. Within the course of a task, different aspects of the inter-
action—the diagnosis, the action, and the feedback—may be more or
less implicit. Even though this example reflects a human-computer
interaction, the issues that we raised around the implicitness are
reflective of the style of the transaction rather than the characteristics
of the computer, and thus transcend human-computer interaction to
interaction in general.

Now we will examine the two dimensional variables in
greater detail:

Attentional Demand

Attentional demand generally is described by the degree of cognitive
or perceptual focalization, concentration, and consciousness required
of the user. “Foreground interactions” make greater attentional
demands on the user, while “background interactions” do not make
such demands and, in fact, elude notice.

A more complex definition of attention demand also needs
to account for spatiality (as Goffman did in drawing a distinction
between “frontstage” and “backstage” interactions), breadth (with
many stimuli or just one), or intensity, among other things. This
complexity reflects an increasing sophistication in understanding
attention itself. Cognitive neuroscientists are starting to believe that
attention actually is a catch-all grouping of widely diverse mental
functions and phenomena.* However, a broad, commonsense under-
standing of attention allows us to reason sufficiently about our inter-
actions with other humans, and so it is operationally sufficient to
design with.
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Attentional demand can be manipulated by adjusting the
perceptual prominence of objects. This may be done through visual
organization techniques such as contrast, hierarchy, and weight,” as
well as more dynamic means such as pointing or placing.® Interaction
design research on the use of such techniques to present ambient
information to users engaged in some other task has been pursued
at the MIT Media Lab® and Berkeley’s Group for User Interface
Research,® among others.

Another way to change the degree of attention demanded is
through “abstraction.” By combining elements into a larger whole,
the user is presented with less detail. “Chunking” is an example of an
abstraction technique through which experts are able to comprehend
complex situations (such as the state of a chessboard) with greater
ease because they are able to parse the scene into familiar subcom-
ponents." Gestalt psychology has demonstrated that this process of
chunking leads an “integrating of awareness,” where people are able
to identify a whole (say a particular person’s face) without being able
to identify the details that make up the whole.”

This discussion of attentional demand may resonate with
those familiar with Bill Buxton’s concept of attentional ground:*
“What we mean by foreground are activities which are in the fore
of human consciousness-intentional activities. Speaking on the tele-
phone or typing into a computer are just two examples.” Buxton’s
definition of foreground only overlaps with the left half of the
implicit interaction framework, because he only considers the realm
of user-initiated interactions—typing on a keyboard or switching
on a light—Buxton’s definition conflates attention with intention.
This definition is inadequate for describing device-initiated inter-
actions—a cell phone ringing or an automatic door opening. These
interactions clearly take place in the foreground, but are not at all
intentional on the part of the user. Decoupling attention from inten-
tion gives us a separate dimension, “initiative.”

Initiative

The distinction of who initiates an interaction is critical. If a waiter
refills your coffee because you ask him to, that is a reactive response
to your explicit request. However, if the waiter refills your cup
because he sees that it is empty, this interaction becomes implicit.
Even if the proactive act of pouring the coffee might be in your atten-
tional foreground, the waiter is responding to a projected request for
more coffee. (For our purposes, we are only analyzing the interac-
tion on a pragmatic level. Sociologists such as William Foote Whyte*
have commented on the ways that the server’s actual motivations
for action are complex and multilayered—the waiter also may be
responding to a desire for a tip, for instance, or to make her way
around her circuit in an efficient manner. This sophistication of
analysis is not needed for the design of implicit interactions.)
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Initiative is salient in situations in which actors are working
together to accomplish a task. From the perspective of those cham-
pioning direct manipulation or autonomy; joint action is suboptimal
because it requires negotiation and coordination. However, it is far
easier to think of successful examples of joint actions than terrific
tools or perfectly autonomous objects. “Every day, we engage in
activities in which we have to coordinate with others to succeed,”
says Herb Clark. “Face to face, we have systematic, economical, and
robust techniques of arranging for joint activities.” ® One can even
argue that we can experience readiness-to-hand in interaction with
others; certainly we can contrast the ease and transparency with
which we can buy a shirt at Macy’s with the tortuous process of
buying things in a foreign country with a different language and
customs. In fact, it is possible to imagine optimal interactions at
every point along the initiative continuum. The challenge is in know-
ing what interaction is appropriate for the situation at hand.

Proactive objects operate in a realm of greater presumption,
and so it is common that they need ways of seeing, discerning, and
reasoning about the world.” This explains why most forays into
proactivity, such as the research performed at Microsoft Research,”
the University of Karlsruhe,® and Georgia Tech,” have been oriented
on the technological issues of sensing, aggregating data, developing
user and task models, and performing inference.

And yet the solution for proactive interaction cannot lie in
technology alone. People, for all their vaunted intelligence, make
inference mistakes all the time, and usually are forgiven. Why is it,
then, that interactive products such as the Microsoft Office Helper are
so roundly criticized for guessing incorrectly what users are trying
to do? It is probably because “Clippy” is untrained in the art of what
Goffman calls “facework,” sometimes called social graces, savoir-
faire, diplomacy, or social skills.® Since the days of expert dialogue
systems, human—computer interaction researchers have considered
how “mixed-initiative” interplays between proactive and reactive
actions, from both users and computers, can contribute to a proj-
ect or an understanding.” * Similar negotiations are necessary on
an interaction level to help systems communicate intended actions,
and enable user override.

When people go out on a limb, taking initiative in the face of
uncertainty, they engage in compensating measures; hedging their
actions with techniques such as overt subtlety (where actors make
a show of how unobtrusive they are trying to be) or preemptive
apology (where actors may bow their head, scrunch up their faces,
or raise their shoulders as they execute an action to indicate an apol-
ogy if their initiative is unwelcome). One could easily imagine, for
instance, that recent research on interruptions at Carnegie Mellon*
and Microsoft Research,? which have focused primarily on when to
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interrupt, could be complemented by research on how to interrupt.
There are conventional ways to act proactively, even in the face of
uncertainty, and these are a matter of sociable design rather than
technological intelligence.

Implicit Interaction Design Methodology

Because implicit interactions occur outside of the user’s notice or
initiative, they can be challenging to design: it is insufficient to
project what commands we might issue as users and make them
possible. Instead, it is important that the designers of implicit inter-
actions pay greater attention to the interplays between interactants.
Our design methodology for implicit interactions uses interaction
patterns to help designers model interactive object behaviors of
know-how about how to engage in everyday interactions with
other people.*

Interaction Patterns

The patterns of everyday interactions have been studied by those in
other disciplines. Sociologists, for instance, represent what Goffman
calls the “strips of activity” as detailed narratives, setting the general
context and describing specific behaviors.” Artificial intelligence
researchers, such as Roger Schank and Robert Abelson, choose to
use “scripts”—predetermined, stereotyped sequences of actions that
define well-known situations.

Like pattern languages, these interaction patterns provide
templates for solutions that designers can share with one another.
However, while design patterns suggest high-level approaches to
specific classes of design problems, based on previous successful
designs, our interaction patterns provide detailed instructions for the
oft-implicit communications between actors, and are derived from
observations in the world.

Here is an example two interaction sequences, one with a
doorman, and another, patterned after the first, with an automatic
door that mimics the doorman’s implicit behaviors analogously:

SETTING: On a sidewalk at the entrance to a building in the
middle of the block.

ROLES: Doorman, Passerby

SEQUENCE:

1 Doorman: [stands in front of the door, wearing a red uniform]

2 Passerby: [walks down street, on a path that will pass the door]

3 Doorman: [spots person walking down street]

4 Passerby: [notices doorman with red finery in front of the door,
but keeps on walking]
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Doorman: [puts gloved hand on door handle]

Passerby: [slows down a little, and looks into the doorway]
Doorman: [opens door slightly]

Passerby: [keeps walking past door; turns to look down street]

O 0 NI o U

Doorman: [lets door shut, and takes hand away from
the door handle]

SETTING: On a sidewalk at the entrance to a building in the
middle of the block.

ROLES: Door, Passerby

SEQUENCE:

Door: [exists, with sign that says “Automatic Door”]

Passerby: [walks down street, on a path that will pass the door]
Door: [sensors notice motion down the street]

Passerby: [notices door frame, and keeps on walking]

Door: [makes a soft motor hum noise, as if preparing to open]
Passerby: [slows down a little, and looks into the doorway]
Door: [opens a little, jiggling its handle]

Passerby: [keeps walking past door; turns to look down street]
Door: [lets door shut]

O 0 NI O O = W N =

In this scripted example, the doorman employs proactive, low-atten-
tion techniques to signal his capability for opening doors. He did
this through overt preparation, when he put his gloved hand on the
door handle, and through an enactment technique, by pulling the door
open a little as a suggestion. An interaction designer designing an
automatic door can use the doorman pattern to motivate questions
such as how the door draws attention to itself, how it communicates
its role as a portal, and how it introduces its affordance. Such steps
sometimes can be accomplished implicitly: the door’s mere physi-
cal form serves to draw attention and communicate its “door-ness.”
The designer also can look for clever ways to achieve the effects of
each step: by opening a little when a person walks by, for example,
the automatic door can simultaneously draw attention, define its
role as a door, and introduce its ability to open automatically by
softly humming in overt preparation or jiggling its handle as enact-
ment. The interaction pattern helps designers to determine the roles,
setting, and sequence of the interaction to be designed. The interac-
tion analogues allow the designer to imagine functionally equivalent
actions, mapping the capabilities of the automatic door against the
techniques employed by the doorman, without slavishly and literally
replicating his actions.
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Issues for Implicit Interactions

Problem Selection vs. Problem Representation

What types of design problems are implicit interaction problems?
We introduced implicit interactions by stating that they may be
employed when the user is focused on something other than trying
to get an interactive device to do what he or she wants; perhaps
because the user is physically, socially, or cognitively engaged, or
because he or she is not cognizant of what direction that the interac-
tion should take. These are instances where the design requires some
degree of agency on the part of the interactive system.

That said, whether a design requires agency is a matter of
the designer’s point of view. A car, for example, may be said to be
driven through the direct manipulation of the steering wheel, gas,
brake, and clutch pedals. However, one also can view the interac-
tion between car and driver as a series of sometimes overlapping
transactions—that the driver requests greater speed by pressing on
the gas pedal, or a change in direction by turning the steering wheel.
This second view grows more apt as steer-by-wire technology for
automobile operation becomes prevalent. It may be senseless, from
a design standpoint, to speak of which view is right or wrong, but it
is evident that the adoption of different points of view suggests very
different types of solutions.?

For this reason, it is useful to view the implicit interaction
framework less as a hammer, and more as a lens. From the design
research perspective, the implicit interaction framework is a type of
problem representation, a means of representing interaction prob-
lems so as to make the solution apparent.” The central goal of this
paper is not to advocate the design of a class of interactive products
(“Make implicit interactions!”), but rather to champion a particular
approach to designing interactions (“Consider your design as an
implicit interaction!”). As Tom Erickson suggests, “There are multiple
perspectives from which interaction designers can analyze the sites
or situations with which they are confronted, and that designers will
fare best when they are able to pick up one lens, then another, and
then a third.”* It is up to the designer to employ the framework and
methodology in a mindful manner.

Interdisciplinarity and Appropriation

Part of the challenge of implicit interaction design is making explicit
that which is invisible in day-to-day life. One way to do this is for
interaction designers to employ sociological methods to understand
human-human interactions, and then translate these interactions to
novel human-product interactions.
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The application of sociology to human-product interactions is
nothing new. Bruno Latour, for instance, enjoyed anthropomorphiz-
ing door springs to argue that sociologists need to address the role
of nonhumans in their accounts of society:

For sure, springs do the job of replacing grooms, but they

play the role of a very rude, uneducated, and dumb porter

who obviously prefers the wall version of the door to its
hole version. They simply slam the door shut.

In this paper, we have reversed Latour’s approach, objectifying
the role of human actors to make products that are less obnoxious,
making doors that act not as wall or hole, but as a courteous groom.
Designers have broadly employed ethnographically informed prac-
tices for decades to inform the user needs or context of the design.
This work simply extends the use of ethnography to the generation
of positive models for product behavior. We also drew on methods
from communications, psychology, and linguistics. For instance, this
approach also can be seen as the interactive extension of Reeves and
Nass’s Media Equation: we expect people to interact most success-
fully with interactive products in the same manner they interact with
other people.®

As these techniques are appropriated for design, they are
necessarily transformed. The value structures behind the social
science methods we use cannot but change when the intended
outcome shifts from production of knowledge or performance to
production of new interactive systems.”’ We are not claiming that this
work is the same as, or a substitute for, the practice of social science
by social scientists, or the practice of art by artists within these same
domains. At the same time, it is important to recognize that design-
ers need to appropriate these techniques and make them their own
in order to meet their aims.

In his discussion on studying doormen in New York City,
sociologist Peter Bearman notes: “For the founding fathers of
sociology,...the city posed special problems for the generation of
social order. In contrast to the thick, multivalent, and sustained
interactive world of the country, urban interactions were seen as
thin, episodic, instrumental, and univalent.”* (Bearman goes on to
argue that urban environments are, in fact, as rich and thick as any
other environment.) For designers of interactive systems, however,
the desire may very well be to study thin, episodic, instrumental, and
univalent interactions, and to ignore layers of motivations and depth
of meaning, because the very lack of rich humanity that makes these
uninteresting transactions for social scientists makes them the most
promising targets for interactive design. Thus, the use of interdisci-
plinary techniques by designers can offer something original to the
world of interaction design.

Design Issues: Volume 24, Number 3 Summer 2008



Conclusion

As interactive devices continue to permeate our world, it is up to
the interaction designers to correct their obnoxious habits in order
to make them more usable and useful. Well-designed, implicitly
interactive devices can allow us to reap the benefits of computa-
tion and communication away from the desktop, assisting us when
we are physically, socially, or cognitively engaged, or when we do
not know what should happen next. Designed poorly, these same
devices can wreck havoc on our productivity and performance,
creating irritation and frustration in their wake. By taking stock of
what it is we humans do when we work with one another, and using
a bit of creativity in applying these lessons to the machine world, we
can help make this next generation of interactive devices welcome
in our world.

To this end, we have presented a framework for implicit
interaction that characterizes interactions based on attentional
demand and initiative—factors that are pertinent to any interac-
tion, regardless of domain. We have applied this framework to
the use of implicit interaction patterns, which allow designers to
apply techniques and solutions from one domain as a template for
the analogous solution for another. This framework and methodol-
ogy can be used by designers as a lens on their interaction design
problems, and help them leverage existing linguistic, sociological,
or ethnographic techniques to the end of designing better human-
computer interactions.

Because implicit interactions have convergent features due to
the constraints imposed by the human in the loop, knowledge about
the interactions can be generated and generalized—key components
in any area of academic research. This transmissibility of solutions
from one domain to another also enables design solutions to be
passed from one design researcher to another, enabling designers
of interactive objects to develop generalized interaction patterns for
different classes of interactions.
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In recent years, the number of computationally-based devices has
grown rapidly, and with them the number of interfaces we encoun-
ter. Often, the face for today’s product or service is, at first touch, an
interface. While the pervasiveness of the interface might present a
minor challenge for the majority, for those with little previous knowl-
edge or accessibility limitations the challenge can be insurmountable.
In many cases, the way we access and use, and even the degree to
which we rely on technology, may be vastly different from genera-
tion to generation.

As the number of interfaces and the diversity of users grow,
the need for effective interface design increases. Clocks on VCRs
and DVD players flash at users insistently demanding to be reset, a
mute testimony to the failure of the interface. Designers commonly
mimic standard interface design elements such as icons and meta-
phors, or create flashy interfaces that may appeal visually, but often
at the expense of user understanding and functionality. Despite
mimicry, creativity, new technology, and a steadily growing need,
interfaces are mired in paradigms established decades ago at a time
when user interface was more a computer novelty than a part of
everyday life.

Thus far, pundits, consultants, and authors have attempted
to improve interface design primarily by exploring and analyzing
existing patterns of interface design, or by defining desirable end-
user experiences.

One example of a detailed analysis of an existing pattern is
the Nielsen Norman Group’s 106-page report, “Site Map Usability.”*
A site map is a means for quickly gaining an overview of a Web
site. The report mentions a principle in the first sentence of the
executive summary: “Help users understand where they are”; then
analyzes in great detail a specific means or pattern for meeting that
need such as “Web site maps,” delivering twenty-eight guidelines
“to improve site map usability.” Another recent example is Duyne,
Landay, and Hong’s book The Design of Sites,> which focuses on using
existing patterns to improve Web interface design. As helpful as such
approaches are, the examination of an existing pattern such as the
site map, and a detailed recipe for the execution of that pattern, is
not designed to stimulate innovation.
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Two examples of desirable end-user experiences are the often
cited “easy-to-use” and “intuitive.” These recommendations have
two problems: they are too vague to be useful and, as final experi-
ences, they provide no indication of how they may be achieved. Jef
Raskin, in his 1994 article noting the vagueness of “intuitive inter-
face” as a measure of user experience,’ maintains that the common
usage of intuitive interface really means “familiar”; that is, an inter-
face that resembles or is identical to something else. However, if
familiarity is the criteria for success, then creativity and novelty
certainly will suffer. In a field in which improvement is needed, a
focus on familiarity will simply reinforce an unacceptable status
quo. In his article, Raskin notes the tension between improvement
and familiarity, suggesting that if intuitive is defined as familiar
then “/Intuitive’ may well turn out to be one of the worst quali-
ties it (a new interface paradigm) can have.”* Because Raskin wrote
in 1994, it may be tempting to think that such advice is passé, but
this is not true. Catherine Courage and Kathy Baxter’s recent book
Understanding Your User,> published in 2005, is intended to be a prac-
tical guide to user requirements. It defines useable products as “easy
to learn.”® Even if “easy to use/learn” or “intuitive” were defined
precisely, it still would describe an outcome without offering the

means to achieve it.

The Need for Principles

W. Ross Winterowd, in his introduction to Contemporary Rhetoric,
writes, “A conceptual framework is a schema—sometimes diagram-
matic—that serves two purposes. It allows one to organize a subject,
and it automatically becomes an inventive heuristic for the discovery
of subject matter.”” This paper argues that what designers need to
improve interface design is a conceptual framework that can spur
innovation. We describe that conceptual framework first as “param-
eters” essential to an interface, and then as a set of “principles” to
achieve an effective interface. The parameters and principles were
arrived at through inductive study and, we hope, as Winterowd
suggests, that they will have the power to not only organize mate-
rial, but also drive inventive development.

Design principles, as we conceive them, consist of clear rules
of thumb that have defined features, similar to the excellent exam-
ples found in Edward Tufte’s books The Visual Display of Quantitative
Information and Visual Explanations.® The principles we propose here
must be integrated with the parameters that define an interface.
We propose that parameters and principles working together can
drive innovation and empower designers or any creative person
charged with developing an interface. If the principles are founded
appropriately and crafted properly, they should guide the creation
of effective interfaces not only today, but facilitate the invention of
novel interface approaches in the future.
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Identifying Parameters and Principles through Design Research
Broadly speaking, design research investigates process, user, cultural
context, form, and subject matter/content.” Design research as an
applied research activity focuses on users and content. The design
research process used for this project focused on content through
the innovative use of content analysis techniques from exegesis: the
science of interpretation. Our aim was to analyze interactive content
in a thorough way. The premise was that a thorough understanding
of the form given to content would lead student investigators to
fresh insight into both interface as a form and the audience to which
the interface was addressed. From this high level of understanding
of interface and audience, investigators sought to define parameters
and to describe principles to guide interface design. Our research
focused on interaction with content in computational environments.
By analyzing one specific type of interface interaction (content), what
Kenneth Burke calls an “individuation” in his article “The Nature
of Form”". We derived concepts that are abstractions of many indi-
vidual instances. As Burke argues in his article, the form given to
content is revealing of both the author’s thinking and the presumed
audiences’ experience. In Burke’s words, “Form ... gratifies the needs
which it creates.” Form is an essential aspect of design.

Interface as a formal tool also is significant in the field of
Human Computer Interaction (HCI). In the past, HCI often has
focused on interfaces primarily as tools that manage a computer
or computer software. However, computer interfaces are no longer
experienced only as tools for using computers, but as frameworks
for exploring content. Many of the examples in Courage’s and
Baxter’s book on user requirements, a basic HCI issue, are about
content-oriented Web sites. Interface as a means to explore content
is not just for the Web. One recent product example, the iPod®, is
a small, portable computer with an inventive interface. However,
the focal point of the iPod is neither the device nor the interface,
but the content: music and video (in some models) are the stars.
This anecdotal example suggests that product development gener-
ally, and HCI interface development in particular, are increasingly
involved with developing interfaces for content. Because interac-
tion with content typically is an individual expression of interaction,
and because HCI increasingly deals with crafting content-oriented
experiences, the principles derived from our study could apply to
broader HCI issues.

What follows is a description of the design research process
that led to the proposed parameters and principles of an effective
content interface.
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The Process of Developing Interface Parameters

Overview

Our research method was inductive. After initially defining what
an interface is, student researchers studied the principles of content
interpretation, then selected successful content interfaces, and
applied the interpretive principles to the study these interfaces.
From looking at the structure of many content interfaces, students
derived principles that made these interfaces successful. The derived
principles then were consolidated and compared to previously
published interface guidelines. The process was heuristic, and the
goal was to discover design principles that were theoretically based,
definitive enough to guide design, and yet timeless enough to guide
interface development as technologies and techniques change. We
recognize the dangers of starting with individual instances and
from individual instances deriving useful general principles. One
alternative approach already noted is to identify successful instances
and codify these as patterns to follow, such as was done in Duyne,
Landay, and Hong’s book The Design of Sites. The difficulty of the
pattern approach is the limit it places on innovation. Despite the
authors’ claim that “Our patterns direct your energies to solving
new problems as opposed to reinventing the wheel,” the purpose
of a pattern is to provide something to follow, not the invention of
something novel. Our purpose was different: describing principles
that could spur innovation.

Interface Definition

We began by asking what the essential qualities—the parameters—of
an effective interface are. Like many questions, we found the answer
depended on context. Cooper and Reimann in their book About Face
2.0, state, “... there is no such thing as an objectively good dialogue
box—the quality depends on the situation: who the user is and what
his background and goals are.”" In the 1992 version of “Macintosh
Human Interface Guidelines” by Apple Computer, widely recog-
nized as pioneering in user interface development, there are thirty-
eight index entries for icons, but none for interface.”? This suggested
that interface and icon were nearly synonymous and that, logically,
the best interfaces would be those with the best icons; and that those
without icons would fail. This is clearly not the case, but suggests the
extent to which interfaces had become mired in an existing pattern
based on icons and a paradigm of interfaces as tools to manage soft-
ware. We began to agree with Cooper and Reimann that what made
particular patterns such as icons and dialogue boxes meaningful was
something more basic than the patterns themselves.

A more general definition of interface was “the interaction
between two systems” (American Heritage Dictionary). A more recent
interface definition from Wikipedia, the online encyclopedia,®
seemed closer to the point in defining user interface as: “The inter-
face is the functional and sensorial attributes of a system (appliance,
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software, vehicle, etc.) that are relevant to its operation by users.”
However, this definition emphasizes attributes over interaction,
suggesting that interface is a thing and not a process. A bit closer to
the point, Wikipedia goes on to describe user interface as having two
essential components and two general means:
The user interface is the aggregate of means by which
people (the users) interact with a particular machine,
device, computer program, or other complex tool (the
thing). The user interface provides (the) means of: Input,
allowing the users to control the system; (and) Output,
allowing the system to inform the users (feedback).

User interface, by this definition, involves both users and “things.”
The interaction involves both inputs and outputs. For our study
focused on content interface, students summarized that any inter-
face has two basic considerations: users and content. A great deal is
made in HCI literature about user-centered design and user needs.
This suggested that, for users, interaction has a purpose or aim even
if that aim is merely one of idle amusement. We therefore defined
user interface as the means by which users interact with content to
accomplish some goal.

Content Research

Armed with the interface definition above, faculty /student teams
initiated a research project to identify the essential features of an
effective content interface. We began with an examination of the
characteristics of various kinds of content in order to understand
how the nature of different content types might impact the design
of an interface to that content. The particular inductive method we
employed was based on “exegesis,” an inductive method used for
understanding texts. “Exegesis,” a Greek loan word, literally means
to lead or draw out (ex—out, hegeisthai—lead or think). Exegesis
has been translated as “expound” or “explain,” and today has come
to mean the principles and methods used to draw the meaning out
of texts; primarily religious texts such as the Bible. We drew upon a
text-based research approach because we had limited the scope of
our work to interaction with content rather than interaction more
generally.

Respect for context and content type are the key principles
of exegesis. Following these principles, students selected, analyzed,
and compared the linguistic features of three different content types,
ranging on a continuum from poetic to scientific proposed by noted
author C. S. Lewis. The specific content types: poem, newspaper
editorial (from an edition of the New York Times) and scientific report
(from the New England Journal of Medicine), were intended to be repre-
sentative of the full spectrum of content types.
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Syntactical diagrams were created for each content type as
a technique to analyze the structure and meaning of the content.™
Word frequency, part of speech, and meaning were analyzed and
compared. A typical finding was that scientific articles contain words
with a high volume of very precise, often specialized meanings. On
the other hand, poems use common words, often with atypical or
unexpected metaphorical meaning: the words are not always used
literally. Syntactical structures of each content type were similarly
analyzed and compared. A typical finding was that poems do not
speak in complete sentences, that editorials build arguments; and
that scientific papers use rigid problem/solution structures with no
personal references. The linguistic features were used to theorize
authorial intention in writing the content and, by implication, the
intended audience. Teams reasoned that the authors of scientific
articles strive for precision in order to accommodate a small but
specialized audience, while poets strive to create a general impres-
sion with a broad audience. Determining authorial intent through
linguistic analysis is unusual in design research, but is integral to
hermeneutics and exegesis; and the processes and techniques for it
are well established.”

The result of this research was to define a continuum of
“content types” bounded by two extremes:

A. Content Type Continuum: from the Scientific to the Poetic.
Scientific

Scientific information is explicit in the rules of interaction
between user and content. It is clear, direct, and adheres to
established content hierarchies and structures. It is acces-
sible and often is thought of as part of a larger commu-
nity of information that shares a common language and
purpose. Scientific information usually is cross-referenced
with similar and contrasting data, and typically is intended
to share information and inform its audience without bias
or emotion.

Poetic

Poetic information, in contrast, asks to be experienced. At

a more practical level, poetic information may not adhere
to the established content structure or hierarchy in favor of
artistic or personal interpretation. Instead, it crosses bound-
aries and requires participation on multiple levels between
user and content. Poetic information is categorical, concep-
tual, emotional, and usually includes sensory value.

The features of these of interactive content types were analyzed
and compared to deduce their strategies for delivering content. In a
departure from exegetical practice, strategies, rather than authors,
were described since current media seldom has a single identifiable
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author. Four broad content delivery strategies were loosely defined:
a “reference strategy” serving discrete bits of information to a
specific inquiry; an “educational strategy” offering large quantities
of information to teach about a more general topic; an “inspiration
strategy” to motivate or inspire an audience and lead self-discovery;
and an “entertainment strategy” to amuse or divert the attention of a
generalized audience. Examples of each strategy were identified and
their content analyzed. A profile of the supposed user was created.
In some cases, the strategies themselves were given personae akin to
the user profiles / scenarios employed in the development of inter-
faces.” Over time, these initial strategic descriptions have evolved
into a continuum of four Content Delivery Strategies:

B. Content Delivery Strategies/Roles

Reference—The Librarian

A content delivery strategy designed to serve discrete

bits of information to users. Reference delivery takes the
persona of a librarian. Reference delivery is believable, and
is connected to a much larger community of information.
The reference source is driven to provide as much informa-
tion as possible in as few steps as possible.

Educational—The Instructor

A content strategy designed to instruct, often in a step-
by-step fashion. Unsurprisingly, educational delivery of
content takes on the persona of a teacher. An educational
or teaching delivery still maintains a high degree of believ-
ability and trust, but is more likely to be sequential and
increase user knowledge through a series of learning or
building steps than the cross-referencing librarian persona.
The teacher, like the librarian, is driven to educate its audi-
ence.

Inspiration—The Speaker

A content strategy designed to motivate or inspire.
Inspirational delivery takes on the persona of a motiva-
tional speaker. Often, the inspirational source has a more
personal connection to the audience through calls to action
and directives. The inspirational source derives its trust
through emotional response and personal connection rather
than through factual data.

Entertainment—The Actor

Finally, an entertainment delivery strategy is designed to
amuse. It may take on the persona of an actor, and is geared
to draw a browser audience. Again, it establishes a more
direct connection with the audience and requires direct
participation from the user. Entertainment sources are the
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most open to interpretation, and may even require audience
participation in establishing the content. In this scenario,
the user is given a more authorial role than in the reference
and educational strategies.

Student teams continued to follow an inductive process through
personal interaction with various Web and interactive media experi-
ences, in order to define significant parameters of the user. Although
it is difficult to select only one means of describing the user, we
focused on user intention as opposed to “user need,” because every
user action is not driven by need: one does not necessarily need to
chat online with a friend. User intention also suggests the variability
of a single user’s approach to an interface from session to session, or
even from moment to moment. Teams inferred the users’ intentions
that each interactive content strategy was designed to meet. Using
“reverse engineering,” students analyzed the content information
structure and the interactive approach of interactive media in order
to infer user intention. Students concluded that visual form is, in
many cases, an indicator of user intention the media was designed
to meet: data-oriented sites showed less concern on aesthetics, enter-
tainment-oriented media more. Student reports raised questions such
as: “Does the look of a reference site really matter, if all the user is
going to do is go in, grab something, and head back out?” and “...
WWWwW.m-w.com serves as a superb reference site, but probably is the
worst looking site out there.”

Like “content types,” user intentions were described as a
continuum bounded by two extremes:

C. User Intention Continuum: from the Hunter to the Browser
Max Bruinsma has said, “The Web encourages a predator’s
glance, processing a vast amount of fleeting information
fast, before focusing on a target.”” How a user chooses to
interact with an interface often is determined by his or her
purpose or intentions in accessing the content. In order

to address this, we have broken user intention into two
extremes of scale, that of the “browser” and the “hunter.”

The Hunter

The hunter is focused, precise and often destination-driven.
The hunter values the speed and efficiency of an interface,
and rarely deviates from its initial content direction to
discover a new path. Also, a hunter’s final content destina-
tion is determined prior to the search while, at least initially,
the browser may have no direction at all.

Design Issues: Volume 24, Number 3 Summer 2008



18 Patrick Lynch and Sarah Horton, Web
Style Guide: Basic Principles for Creating
Web Sites (New Haven, CT: Yale
University Press, 1999).

The Browser

The browser is intent on the journey and, in many cases,
may not have a final content destination in mind. The
browser is less focused and driven in the search for content,
and more likely to be open to new experiences. As an audi-
ence, the browser perhaps is more likely to notice and even
be driven by the design of an interface.

A key difference between the users is their scanning behav-
ior. The hunter may scan large quantities of information
quickly in order to find a predetermined target information
or content. The browser may scan that same information
looking for a general topic, new pathways, or even a diver-
sion. Quite simply, the hunter is driven by need while the
browser is directed by personal interests or curiosity.

All content has an inherent structure. Content’s inherent structure
may be modified to fit a specific strategy, giving it a “strategic struc-
ture.” This strategic structure takes the form of an interface in inter-
active content. An interface may be classified by the structure of the
final content delivery. Four common interface types' were described
to students: linear, hierarchy, matrix, and web. The assignment was
to evaluate each of these in relation to the content types, content
strategies, and user intentions; and to define how different user
intentions and content types might be served by the interface struc-
tures. We determined that, based on inherent and strategic content
considerations, efficient and appropriate interfaces can be created
along four structural themes: linear, hierarchical, matrix, and web.

Figure 1
Matrix of content delivery roles.
REFERENCE EDUCATIONAL MOTIVATIONAL ENTERTAINMENT
VOICE content specific, clear and to clear. specific. uses acces-  stimulating. intent is to vague and open to interpre-
the point, direct sible language in effort to inspire users. accessible tation
inform audience language
AUTHORSHIP  values expert opinions trustworthy, researchable uses emotions to inspire open, may require content
authors trust rather than authorship  participation from user to
establish meaning
MOTIVATION  provide accurate data inform and educate inspire and emational con-  inspire and stimulate the
quickly. inform. nect. to stimulate audience. diversion.
CONTENT established content established content less content structure, more  vague, open to interpretation
STRUCTURE structure. cross-referencing  structure. accessible to large open to interpretation
and linking. most likely to be audience
hierarchy
SCALE links to much larger body of ~ may be part of a larger more often, a single site that self contained and most

similar data

community of data. can also
be singular.

may contain links to similar
information

likely to be linear in
structure.
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D. Content Structures

Linear

A linear interface is one that is fixed sequentially. Scientific
content, having a fixed and sequential structure, is deliv-
ered step-by-step, with one additional piece of information
following each successive selection. Instructions given
following a teaching strategy would be well suited to a
linear structure.

A linear interface is built with the following guidelines in
mind:

1 Each successive step of a linear interface builds on the
previous step.

2 The designer has the most control over the pace and
amount of content a user can access.

Figures 2 and 3

Student example, Phillip Harvey.

Student exercise exploring linear interaction.
The content progressed from a grid of nine
static circles to a dynamic composition of line
segments through the use of a segmented
scrollbar.
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Figure 4

Student example, Ben Prince.

Student exercise exploring hierarchy.
Users controlled the content appearance
through color, size, and resolution.

Hierarchy or Tree Structure

The tree diagram or hierarchy is an interface that expands
topically. In a hierarchy, several options may follow each
selection. A hierarchy is suitable for content with a parent/
child structure, and often is associated with a reference
strategy.

A hierarchy interface is built with the following guidelines
in mind:

1 Ahierarchy, or tree diagram, is an interface that expands
topically from broader topics to more specific topics in a
branching fashion.

2 Several options follow each selection, depending on content
structure.

3 Hierarchy interfaces should be efficient and allow users to
access their desired content quickly and with a minimum of
additional steps.

4 In a hierarchy, the content and user share control. In The
Language of New Media, Lev Manovich states that “the user
of a branching interactive program becomes its coauthor. By
choosing a unique path through the elements of a work, she
supposedly creates a new work.” But it also is possible to
see this process in a different way. If a complete work is the
sum of all possible paths through its elements, then a user
following a particular path accesses only part of the whole.
In other words, the user is activating only a part of the total
work that already exists.”

5 In a hierarchy, an independent value system determines the
content structure (size, value, like content), and allows a
user to access specific information quickly with a minimum

of searching.
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Figure 5

Student example, Ryan Devenish.
Student exercise exploring the matrix
structure. Content about major cities was
revealed through its placement on a grid.

United States of America
New York, New York

Info on brightness of night sky caused by arlificial
light in New York City, USA. Lorem ipsum dolor sit
amel, consectetusr adipiscing elit. Marbi
commodo, ipsum sed pharelra gravida, orci
magna rhoncus neque, id pulvinar odio lorem non
turpis. Nullam sit amet enim. Suspendisse id velit
vitae ligula volutpat condimentum, Aliquam erat
volutpat, Sed quis velit. Nulla facilisi. Nulla libero.

Matrix

A matrix interface is one that simultaneously presents
multiple relational options, usually organized by categories.
A matrix is well suited to content with multiple related
categories following a reference strategy.

1 A matrix interface presents multiple relational options
simultaneously.

2 A matrix interface should be extremely efficient and allow a
user to access a large set of data simultaneously in order to
make comparisons and judgments about that data.
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Figure 6

Student example, Tim King. Search results
were place within a matrix based on how
scientific or poetic the content was and how
closely it related to the search query.

20 Lynch and Horton, Web Style Guide:
Basic Principles for Creating Web Sites.

Web

A web is an interface freely associated cluster of undifferen-
tiated items. It is useful for unstructured content following
an inspirational or entertainment strategy.

The Process of Developing Interface Design Principles

Using the foregoing understanding of content type, content strategy,
user intention, and content structure as a basis, teams of three to five
students examined a variety of what they deemed to be success-
ful Web site interfaces. Teams established a set of criteria for each
interface that defined why these interface designs were success-
ful. Individual team reports were presented to the full group. The
group analyzed, compared, and synthesized their reports in an affin-
ity diagram that resulted in the first draft of the design principles
presented in this paper. The stated focus was to develop design crite-
ria that a designer could apply. Emphasis was placed on not defining
outcomes such as “easy-to-use,” and on being specific as opposed to
vague such as “intuitive.” Questions such as “What makes this intui-
tive?” were repeatedly addressed to each principle. Once the prin-
ciples were identified, they then were compared to published lists of
principles in sources such as Patrick Lynch® and Apple, then consoli-
dated further. An example of such a comparative list follows:
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Table 1
Title goes here

Apple Early / Zender Compared Lynch
Metaphors Metaphor Clear Icons
Direct Manipulation n/a

See-and-Point
WYSIWYG

User Control

Feedback and Dialogue
Forgiveness

Perceived Stability
Aesthetic Integrity
Modlessness
Knowledge of Audience
Accessibility

Proximity: Concept Space
Proximity: Physical Space
User Control

Feedback

Reverse

Landmarks

Content & Form
(Feedback)

[USER PARAMETERS]
[USER PARAMETERS]
Subject Clear at Start

Consistent Logic
Conventions

Early / Zender Original List

Efficiency
Customization
Preximi
Concept&Physical
Help

Content:

Interface in Content
Interface & Visualization
Content-&Form

Metaphor

Fewest Possible Steps

Feedback

Return Easily / Go Back

Sense of Where You Are / Context
Design Integrity

Disabled Users

Overview

Screens

No Dead Ends

Bandwidth

Simplicity and ...

Consistency

Legacy (Graceful Degradation)

For further validation, this list was compared to a similar
consolidated list “General Principles for HCI” in Dumas’s chapter on
basing design on expertise in human-computer interaction:*

Giving the user control

Striving for consistency

Smoothing human-computer interactions with feedback

Supporting the user’s limited memory.

Following comparison and review, the various student lists were
condensed into the following set of Interface Design Principles.
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Interface Design Principles

A. Obvious Start: Design an Obvious Starting Point

A user must know how to start interaction with the content. In
perceptual terms, “obvious” might be defined as visual form that
is pre-attentively processed.? Pre-attentive features are proven to
“pop-out” and include: size, value, hue, orientation, shape, enclo-
sure, blurriness, and movement. Arguably, movement is the most
basic pre-attentive feature, capable of attracting attention even in
the periphery of our vision. Pre-attentive features should be applied
using an “odd man out” principle, where the uncommon pre-atten-
tive feature is the one that immediately stands out from its peers. For
example, one red word in a paragraph will stand out. A continuum
for this principle might be defined as from blatant to subtle.

A starting point is needed because every encounter with a
new interface involves a learning process. Cognitively, we learn
through finding patterns among details. In order to learn the inter-
face, the user must know where to begin the learning process. This
may seem obvious, yet often is overlooked. In the late 1980s, IBM,
then still actively engaged in making typewriters, did an extensive
redesign of their typewriter line basing the product revisions on
extensive user research. One of the key findings was that the most
fundamental problem with using the typewriters was how to turn
the machine on: the user needed an obvious start button. The equiva-
lent in architecture is to make the position and function of the door
of a building obvious.

B. Clear Reverse: Design an Obvious Exit or Stop
The user must know how to reverse any action, including how to exit
or end the session. Again, “obvious” might be defined as what is pre-
attentively processed but, in the case of a reversal, “obvious” only is
needed occasionally. Therefore, the reversal should become obvious
“on demand,” and should not necessarily pop-out continuously. The
reversal should be omnipresent and clear but subtle. Subtle might
be defined following Edward Tufte’s concept of smallest effective
difference.” The result would be present but unobtrusive. “Exit” may
be defined as anything that stops or interrupts the current state. A
familiar example of a reversal/exit is the “close window” feature
common in both Mac OS and Windows operating systems.
“Reversal” is not simply the opposite of start. And exit is
more than just the end. Knowing an exit route may provide the
sense of confidence necessary to sustain an interactive session.
Apple’s “Guidelines” call this principle “forgiveness” and state
that “Forgiveness means that actions on the computer generally are
reversible. People need to feel they can try things without damaging
the system.”
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C. Consistent Logic: Design an Internally Consistent Logic

for Content, Actions, and Effects

Note: the most important consistency is consistency with user
expectations.

Within an interface, a user must be able to quickly identify
a logical, rational pattern of relationships between user actions and
effects. By “internally,” we mean within the world defined by the
interface and its content. Design patterns should be consistent within
the world the interface develops. To reinforce the pattern, a user
must be able to depend on an acceptable level of consistency. For
example, if buttons change form on hover, they should respond in
a similar way or a logical extension of that way for a similar action.
Consistency does not mean monotony. It is possible to design a
rational evolution of relationships between user actions and effects
throughout the interface experience. The actions and effects might
change in logical ways as content Changes. For example, as content
becomes more detailed, user feedback sounds might become softer or
higher in pitch. Uniformity is not the answer: logical progression and
development that keeps interaction consistent with and reflective of
content is. A user should find a logical consistency of all aspects of
interaction, from visual form to motion, and the connections of these
to content types. A continuum for this principle might be defined as
from consistent to erratic.

This may be the most comprehensive principle for good inter-
face design. It is based on human logic and cognition. When patterns
are consistently and rationally connected to actions and content,
users with average cognitive abilities will recognize the patterns
and their meanings. Internal consistency is important because each
interface creates a world that is distinct, though not isolated, from
its immediate context (see the next principle for respecting conven-
tions). Consistency reinforces learning and keeps the learning curve
brief. Comprehensiveness builds a sense of reliability and keeps
users from wondering whether different forms, words, situations,
and actions mean the same thing.

D. Observe Conventions: Identify and Consider the Impact

of Familiar Interface Conventions

Identify and respect a user’s familiar interface language of words,
phrases, images, and conventions. An interface does not need to obey
all interface conventions familiar to a user, but it should violate those
conventions with care. Respect might be defined as only violating a
convention only when such violation gives a particular advantage or
avoids a particular problem. Existing conventions can be built upon,
extended, or even played with as appropriate for user and content
parameters. A continuum for this principle might be defined as from

observe to ignore conventions.
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Users do not come to an interface as a blank slate, but rather
with a host of previous experiences and expectations. Social and
cultural experiences are preexisting conditions deserving respect.

E. Feedback: Design Tangible Responses to Apt User Actions
Users should receive feedback as they do tasks. Make the feedback
as immediate as possible to the action in time and space. “Tangible”
can be defined as feedback that is noticeable. Again, Tufte’s concept
of smallest effective difference might be applied here, making the
effect of actions as minimal as effectiveness permits. Keep the feed-
back proportional to action’s importance. Feedback should be logi-
cally consistent and in alignment with content as noted previously.
A continuum for this principle might be defined as from immediate
and direct to delayed and disconnected.

Immediate feedback is necessary to keep users informed that
their actions are having an effect. Apt feedback can be a form of
reward for the user.

F. Landmarks: Design Landmarks as a Reference for Context
Users should have available information suggesting their location
in the conceptual space of the interface. Design noticeable reference
points, features, or landmarks that the user can identify. Some of
these should be available at any time. These may be the equivalent
of mile markers the user has passed, indicating progress; or behave
as highway signs showing where they might go. A continuum for
this principle might be defined as from clear or many to obscure or
few.

Landmarks build upon users’ ability to build a mental model
of their experience. Landmarks are significant in the related field
of “wayfinding” as it relates to spatial navigation. They also are
significant in procedural knowledge as it relates to the logical or
non-spatial mapping of information. Landmarks support the user’s
cognitive map, and help users identify where they are and where
they can go in relation to the other aspects of the content.

G. Proximity: Design Interface Elements in Consistent Proximity
to Their Content Objects and to Each Other

A user should not have to traverse great physical, conceptual, or time
spaces to perform similar actions or access related content. There
are at least three kinds of proximity: space, time, and concept. Good
proximity in space builds on users’ location memory by associat-
ing content and interface in a consistent or logical evolution of X Y
Z space. Good proximity in time means content is available when
the user wants it. Proximity in concept space means related items
are grouped. An example of conceptual space is Apple’s “see and
point” menu system which groups related items into conceptual
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menus. Cluster similar items spatially as well as conceptually. Design
consistency in the spatial location of related objects. A continuum for
this principle might be defined as from close to distant. Proximity is
important because visual working memory has a spatial component
that remembers the positions of up to three to five specific objects.”
Proximity advantages this innate memory.

H. Adaptation: Design an Interface That Adapts or Is Adapted to
Use

Allow users to tailor the interface to frequent actions. Design inter-
faces that identify and adapt to user segments. Envision systems
in which the interface adapts itself to user needs or to patterns of
interaction. For example, an interface could be envisioned that over
time automatically minimizes or even eliminates infrequently used
features or menu items. A continuum for this principle might be
defined as from adaptive to inflexible.

Customization advantages different user intentions, and
fits them to diverse content types even within one application. It
acknowledges that users can be novices or experts with the interface,
the content, or both.

I. Help: As Necessary, Provide a Readily Accessible Overall
Mechanism for Assistance

Design a support source of last resort. Make it available, but keep it
subtle. An example is the help feature in many software applications.
However, do not use a help menu as a crutch for poor navigation.
Recognize where complexity demands it, and provide help that is
easy to search and linear in form when instructions are involved. A
continuum for this principle might be defined as from available to
distant.

J. Interface Is Content: Design Interface Elements That Minimize
Interface and Maximize Content
A user utilizes an interface to get access to content. Therefore, content
is paramount. The interface is part of the content, not merely a means
to access content. Design the interface so that interaction is as direct
with content as possible. Avoid interfaces that come between the
content and the user. Wherever possible, make the interface part of
the content, and not just an unrelated control. The interface serves
the content, not the other way around. A continuum for this principle
might be defined as from integrated to separated.

Every extra unit of information in a dialogue competes with
other content. Interface elements, when divorced from content, can
become noise that obscures the purpose of the interface.
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General Design Principles

The following principles constitute good communication design
practice and, as such, should be included in interface design practice,
but are not specific to interface design. Every interface, by definition,
engages a user with some content. It is logical for the interface to
reflect the nature of the content in every possible aspect. The inter-
face type should match the content type and user intention. For
example, step-by-step instructional content is best presented with
some variant of the linear interface.

A. Subject Matter: Make Subject Matter Obvious from the Start
A user should gain immediate understanding of the subject matter
related to the interface. Design the interface so that in every aspect
it expresses the content and content type.

Content types differ in nature and structure, and thus require
different interfaces. Poetic content, ambiguous by nature, will not
submit itself to hierarchical categories and information trees.

B. Interface Visualization: Use Visual Form Apt to the Content to
Embody the Interface
Presenting information visually engages the user’s ability to sense
and feel; compacting much information into a quick, perceptual
encounter. The power of computers to collect, store, and manipu-
late numbers far surpasses human capacity to understand that same
data. As a result, the visualization of large quantities of information
takes on great significance, transforming incomprehensible data into
understanding.®

Humans have remarkable perceptual abilities to scan, recog-
nize, and recall images, as well as to rapidly detect meaning in
patterns and Changes in size, shape, color, movement, and texture.
Text requires more cognitive effort to understand content, because
the relationship between form and meaning is somewhat arbitrary.

C. Content + Form: Design Apt Visual Form Based on Content

A user must be engaged by the formal visual qualities of the inter-
face. Design an interface that is visually engaging, or aesthetically
successful; which are essentially two ways of saying the same thing.
The most apt visual form is one that reflects the nature of the content
in a stimulating way. An interface that fails to engage and keep a
user’s attention has failed by definition: the user has disengaged and
no longer interfaces with the object or content.

Museums can testify that people everywhere and at all times
have desired visually engaging objects as cultural artifacts. Building
a visually engaging interface applies this proven principle in order
to engage and hold the interest of a user.
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D. Metaphor: Use Metaphors Where Content Is New, Obscure,
or a Narrative-Based Visual Metaphor
Metaphors trigger memories and build associations. Use them where
helpful, particularly when introducing new or obscure concepts.
The following is the essence of Working with Interface
Metaphors by Thomas D. Ericsson:
Metaphor is an effective tool in interface design in that it
engages users more fully, allowing them the ability to use
previous knowledge and experience to better understand
current unknown experiences. A metaphor is an invis-
ible web of terms and associations that underlies the way
we speak and think about a concept. Metaphors function
as natural models, allowing us to take our knowledge of
familiar, concrete objects and experiences and use it to give
structure to more abstract concepts.”

Integrating Interface Parameters with Interface Principles

To properly guide the design of an interface, we believe the prin-
ciples for design proposed above in Section Two must be integrated
with the parameters defining interface outlined previously in Section
One. Principles in isolation do not provide sufficient guidance to
inform design decisions. The principle “Obvious Start” comes from,
and is mediated by, user intentions interacting with content type,
delivery strategy, and content interface structure. For example, the
obviousness of the entrance of an interface for a browsing user expe-
riencing poetic content with an entertainment strategy composed in
a web structure will be different from a hunter of scientific content.

Having defined a user interface as:
the means by which users interact with content for a purpose,

and having defined the Parameters that govern an effective
interface as:

Content Type: Scientific — Poetic

Content Delivery: Reference - Educational - Inspiration

— Entertainment

User Intention: Hunter — Browser

Interface Type: Linear — Hierarchy — Matrix — Web

and having established a workable list of best Design
Principles:

Obvious Start:

Clear Reverse:

Consistent Logic:

Observe Conventions:

Feedback:
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Figure 6

Student example, Tim King. Search results
were place within a matrix based on how
scientific or poetic the content was and how
closely it related to the search query.

27 Thomas Ericsson, Working with Interface
Metaphors (Boston: Addison-Wesley,
2001), 66.

Landmarks:
Proximity:
Adaptation:
Interface Is Content:
Help:

We can integrate the parameters and principles to establish a
parameter | principle matrix that can guide design decisions. An
example is described and graphically illustrated below.

A designer is designing an interface for poetic content: a
movie promotion. The presentation strategy is a speaker because
the film has documentary qualities, while the user intention is
anticipated to be a hunter intent on finding specific historic refer-
ences touched upon in the film. The content structure selected to
support these conflicting needs is a matrix. To fulfill the principle
of providing an obvious start to meet the above parameters, the
designer might choose a start toward the subtle end of an obvious to
subtle continuum. To create a subtle but effective start, the designer
might select a fairly muted color on a bright-to-muted continuum, a
small size on a large-to-small continuum, but an obvious upper left
corner location, following Western reading direction conventions,
on an obvious-to- obscure location continuum. The result of these
decisions is illustrated on the following chart:

Scientific Poetic
] | o
Librarian Teacher Spe1ker Actor
Hunter Browser
| .........................

Linear Hierarchy Matrix Web

Obvious Start:

blatant subtle
.O............O....'....

Color

saturated muted
.""'."."""'.'..Q..
Form

large small
0000000000000 000 0 d IR
X _ Y Location

expected - upper left unexpected
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Note that the decisions related to “obvious start” align roughly with
the interface parameters above them, causing each design decision
to be taken in reference to the specific interface parameters being
addressed. While this process could be followed with each interface
principle in turn: clear reverse, consistent logic, observe conventions,
and so forth; in practice, consideration of a just a few principles
generally leads to a design theme or system that encompasses the
other principles. The process is not linear, but iterative and global,
consistent with the principle of consistent logic. We believe this
approach has great flexibility while accounting for all the relevant
factors. The principles proposed are actionable, and have the poten-
tial to be measurable. While guidance is clearly prescribed and is
based on the parameters of an interface, the means to accomplish
such an interface are left completely open, inviting invention and
innovation. Novel combinations can be envisioned and may even
be encouraged. Recipes for making Web site maps are replaced by
guidance in establishing landmarks and contexts for a particular
user intention and content type. Gone are vague descriptions of end
states; replaced by a creativity-expanding matrix of distinct possibili-
ties aimed toward a target experience.

Need for Further Study

We have applied these design principles in a variety of classroom
interface design projects clustered around the theme of content
exploration and wayfinding in museum settings. The projects have
produced interface prototypes. In applying these principles in the
design of simplified and incomplete interface models, students
have been able to explore ideas, elaborate requirements, refine
specifications, and test functionality. These principles have given
the designers a method to visualize, evaluate, learn, and improve
design function.

Even so, more work needs to be done.

Each of the design principles proposed in this paper should
be defined so that its parameters are measurable. Unfortunately
ours are not. Design theory and practice are woefully inadequate
in defining visual form in quantifiable ways. If parameters are not
measurable, they are not really attainable: they are just nice advice.
The field of design is ripe with good advice, and while we are happy
to add our voice to the chorus, that is not ultimately our aim. We
hope to see research in design expand to include the features and
functions of visual form so that design principles that relate to visual
form, such as those proposed here, can be defined, measured, tested,
and refined.

Through research in and out of the classroom, we have
discovered that such definitions are possible. For example, the pre-
attentive visual feature of blurriness, noted in the “Start” Principle,
recently was defined in a student research project as the ratio of
gray to solid pixels. Further, the point at which the ratio became
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effectively pre-attentive, the point at which it popped out, was
established. Through this study, it was determined that dark values
project blurriness with less real physical blur than light values.
Pushed further, a ratio of blurriness to background value might
be developed quantifying the degree to which different amounts
of blurriness pop out from their surroundings. These ratios could
be applied to the “Start” and “Exit” principles, tested, and evalu-
ated. Unfortunately, there are nearly a dozen pre-attentive features.
This study barely explored one, and that one in isolation from the
others. More studies such as this are needed to define effectiveness
of visual form, and how it might be used to quantify visual attributes
in interface displays.

Figures 7 and 8

Student example, Chrissie Talkington.

Initial research for the design principles noted
in this paper. Blurriness example.

Blur Radius: Blur Radius:

12 pixels black = Blur Ratio 1: 0 6 pixels black, 12 pixels gray =
Blur Ratio 1:2

Summary

We believe it is clear that interface parameters and design principles
can be combined in a way that to supports a design practice. We also
believe that an integrated approach combining users, content, and
form is comprehensive enough at a high level to guide the design of
novel and effective interfaces. As a result of this study, it also is clear
that more precisely defined parameters for visual form are needed in
order to apply design principles in measurable ways. Without more
detailed knowledge of the effects of the execution of visual form,
the principles proposed above can only be applied intuitively. We
believe that the next steps are to conduct research in visual form, and
apply it to the proposed principles to define them in more measur-
able ways. Through continued research, we would like to convert
intuition into significant knowledge so that designers can grow to
make the kind of contribution to human understanding that we
believe we are capable of making.
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