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ABSTRACT

Frequently, thedesign of interactivesystems focuses
exclusively on the capabilitiegrovided bythe dynamic
nature of computational media. Yet our hgwevided
many examples in which physical modpevide certain
strengths not found in computational models. Rather than
viewing this as adichotomy—whereone mustchoose
between one or the other—we are exploring the creation of
computational environments that build on the strengths of
combined physical and virtual approaches.

Overthe lastdecade, wéhave developed different design
environments to suppodtakeholderengaged in design
processes by enhancing communication, facilitasingred
understandingand creating better artifactdntil a few
yearsago, our workexploredphysicaland computational
media separately.

In this paper we preserttur efforts todevelop integrated
design environmentinking physical and computational
dimensions to attain the complementary synergies that
these two worlds offer. Our purpose behind this
integration is thedevelopment ofsystems that can
enhancethe movement from conceptuahinking to
concrete representationsing face-to-faceinteraction to
promote the negotiation of meaning, the direct interaction
with artifacts, and the possibility thdiverse stakeholders
can participate fully in the process of design. To tnd,

we analyzethe strengths affordances,weaknesses, and
limitations of the twomedia usedeparatehandillustrate
with our mostrecentwork the valueadded byintegrating
these environments.

Keywords

new design methods, integrationdifferent design media,
participatory design, symmetry of ignorancdpmain-
oriented design environments, shared understanding

INTRODUCTION

The power of the wunaided mind is highly
overrated—without external aidejemory, thought, and
reasoningareall constrainedNorman, 1993]. Thispaper
describesur efforts to developyse, and assess'design
languages”(i.e., means toexpress our designs [Ehn,
1989]) that act agxternal aids to enhanaaur cognitive
abilities in the areas ofdesign, decisionmaking, and
planning. These design languagesallow us (1) to
overcome the “symmetry afnorance”[Rittel, 1984], (2)
to create shared understand[Resnick et al., 1991], (3)
to analyze breakdowngFischer, 1995], and (4) to
incrementally construct domain models [Fischeragt
1995] that do not a priori exist bunsteadare socially
constructed ovetime by communities ofpractice [Lave,
1991]. Toaccount forthis, ourapproach emphasizes the
prominent role thatdomain practitioneranust play in
constructing an initial model of the domain rootedviork
practicesand in evolving this model overtime to suit
their changing needs of the users [Fischer et al., 1994].

DESIGN AND DESIGN FRAMEWORKS

Our Domain: Urban Design

Urban design can be seen the art of designing cities
without designing buildingsandtherefore it isreally the
design of public policy [Barnett, 1982]. The focus of
urban design is on decision-makingvith the
implementation of its outcomes (policies and plans) as its
centralaim. Urban design decisionaffect many people;
zoning, natural resource and hazard management,
improvement programs forcenter city districts and
neighborhoodsand many otherdesigninterventions are
meant to improve the quality of life fandividuals and
groups. Frequently, for examplstakeholders'goals,
such as those of neighborgre incompatible with
business interests, environmental concernsfir@ancial
constraints, to name a few. Conflict is inherentuibban
design. Eachmajor design decision is influenced or
carefully monitored bysomestakeholders, whereas others
who also "hold stakes” (e.g., populations at the margin of
the decision-making process, suchedderly, uneducated,



or overworked citizens) are reluctant or unable to

participate in the decision-making process.

Therefore, urban design as decisinaking needssupport
when differentinterestsand opinions conflict, alternative
proposals compete for resourcasd several stakeholders
need to beenabled and encouraged join the design
process. These decisioaee often difficult to support, as
they deal with ill-defined problems [Rittel & Webber,
1984; Simon, 1981] because there is no set of commonly
acknowledged problem dimensions. Each stakehdidsra
(sometimes narrow) view of the probleand an agenda to
satisfy his orher particulargoals. Stakeholdersare often
unawarethat achieving their own goalsan makethings
worse for other stakeholders. An intereharacteristic of
ill-defined problems is that it is not onlynclearhow to
solve them—it is also unclear what exactly constitutes the
problem and how to judge a proposedolution. Many
urban problemsare based orvague dissatisfaction, an
imprecise demand for “improvement,” and have “no
stopping point"—i.e., they cannot ®lved onceand for
all. Due to the lack of valuative clarity withiandamong
stakeholders, judgments about proposed (oreven
implemented) solution wilbiffer among stakeholders. As
stakeholders comand go, and asnew aspectssurface,
judgment will also change over time.

To copewith ill-defined problems, implementation is
central. A desigmot implemented is reallyot adesign,
that is, “resources must be committed, rudeforced, and
behavior changed”[Grigsby et al., 1977]. Ifinteractive
systemsare to support the implementation afesign in
domains such as urbadesign they need to support
problem definition in a way that iamenable tcsolution;
reduceareas of disagreemerguggestdirectionsthat are
consistent with opposing positions, as welldetermine
what the different stakeholders are willing to do to resolve
the problem as theperceive it[Grigsby & Rosenburg,
1977].

When complexsystems such as citiemd their districts
are designedhe emphasis oflesign is on (a) achieving
shared understanding among multiple stakehol@eis,(b)
using symmetry ofignorance as a source of power.
Within the urbandesign domain, design operatedth
models/representationthat (1) help stakeholderskeep
track of complexevents; (2)serve as objects-to-think-
with; (3) enablesocial communication; (4fapture the
essential elements of the evddetliberatelyleaving out
the rest); (5) match the representation totesk; and (6)
use simulations that answer “what if” questions.

A Framework for Design
Crucial processes in desigimat haveguidedour work of
integrating physical and computational media are:

» dealing with a set of possiblgorlds effectively(i.e.,
exploringdesign alternatives) to account fibre fact

that design is an argumentative process in which we
do not prove a point but instead create an
environment for a design dialog [Simon, 1981],

» using the symmetry of ignorance as a sourcpgawfer
for mutual learning by providing all stakeholders with
means to express theideas andtheir concerns
[Rittel, 1984],

* incorporating an emerging design irset ofexternal
memory structuresand recordingthe design process
and the design rationale [Fischer et al., 1996],

e creating low-cost modifiable modethat help us to
create sharednderstanding, have a conversatwith
the materials [Schon, 1983ndreplaceanticipation
(of the consequences of our assumptions) by analysis,
and

e using simulations toengage in “what-if” games
[Repenning & Sumner, 1995].

Decision support in urban desigriewedfrom the design
perspective outlined abovigcesmany challenges to the
design of interactivesystems. Many inurban design
situations stakeholderge.g., neighborhood residents) are
not experienced irdecisionmaking,. Especially withill-
definedproblem situations havinfuzzy borders,unclear
success criteria, and shiftimpinions, many of the most-
affected stakeholders cannot effectivelyontribute. They
are likely to be overwhelmed bythe rhetoric of their
professional, experienced counterparts. Uninformed
compliance in urban planningnddesignhas oftenled to
even moresevereproblems in the long run, as hbasen
documentedfor example, in past).S. urban renewal
literature [Fried,1963; Gans, 1968; Rainwater, 1973].
Support of decision making faces several challenges:

» Discussiontends to be unstructuredepetitive, and
dominated byrhetoric in theabsence of avisual,
possibly tangible,and comprehensible model of the
situation thatrepresentsall relevant aspects for any
one stakeholder.

* Incompatible levels of argumentati@md abstraction,
as well ashidden agendafirther obscureghe view of
the relevant aspects of a problem. They malevén
more difficult to come to an informed compromise.

* Many people do not apply consistent, ratiocrteria
when makingdecisions [Simon, 1981]. They act
under “boundedrationality,” that it, they act in
contextandreact to a particulasituation rather than
adhering to a fixedutility function. In unstructured,
unsupported, and hence, unfocused negotiations,
many concerns, argumentand aspects remain tacit
[Polanyi, 1966].



THE ROLE OF DIFFERENT MEDIA IN DESIGN
“One cannot use smoke signals to do philosophy.
Its form excludes the content” (N. Postman)
As discussed in the introductiomedia are used textend
our cognitive abilities. The form that theseedia take
affect how we ddhings andcommunicate with others. In

this sense, the nature or attributes of the materials we use

limit or enhance how we design [McLuhan, 1964]this
section we explore how the “conversatiamth the
material” [Schdn, 1983] isdifferent in physical versus
computational environments.

Physical Media

The challengesnd increase@wareness othe value of
collaborative design [Resnick af., 1991], participation
[Greenbaum &Kyng, 1991], and face-to-facenteraction
in attaining shared understanding have led uthéadesign
and development of various physical games and
simulations as urban design decision  support
environments at ourUrban Simulations and Games
Laboratory (SIMLab) at the University of Coloradthese
environments represent models of reality aneldeveloped
to help stakeholders frame oaddress domain-specific
problemsandtheir associatedurban planningand design
interventions (e.g., a simulation t@nalyze zoning
decisions or a game tanderstandpolicies affecting
neighborhood change).
simulation-gameboard; (2) a three-dimensiotaiguage
comprising vocabularies of physical elements“fieces”
as stakeholdenefer tothem) thatprovidethe tools with
their descriptive, evaluativeand prescriptive support
capabilities; and (3) a set of rulasd protocolsdeveloped
for each game application tuidethe interactions among
the players, as well as those between the langardj¢he
board (Figure 1).

The gameboard is a map tradfordseasy visualization of
the setting ofconcern interms of its crucial spatial
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Environmental design students working with
transportation experts collaboratively describe a
major arterial corridor in the City of Boulder and
evaluate its problems with neighbors

These include (1) a horizontal

attributes such as its locatioand size, other spatial
characteristics such as political boundariespraremptive
descriptorssuch as floodplains. It usualipcludesonly
those areas thatefinethe study settinge.g., a district, a
city block, a street or a rivarorridor. The physicalpieces
of the variousvocabularies othe languagere placed on
top of the gameboard. Generally, thtgpes ofpieces are
involved. Descriptive pieces representhe empirical
aspects of the decision probleEvaluativepieces express
the evaluatory nature of both empiri@ald policy-making
aspects of the problemPrescriptive pieces represent
policies, plans, and decisions (see Figure 2).

The interactiorbetweenthe piecesand the board allows
stakeholders to focus on the argument. It enatles to
complement subjective aspects, such as emotion
intensity of conviction with more objectiveonsiderations
such as descriptions dfinctionality. It permits added
flexibility in the discussion tanteractwith the situation
further: for example, to make evaluations, toake
changes or modifications to the situation, ord&scribe a
problem solution.dentified stakeholders in real decision
situations act as playeesd are selected based whether
they areaffected byor areeffectinga design action.Thus,
the selection identifies the members of thstical
coalition for a planning action [Arias, 1994]. lthis
manner the playerdhave a “vested interest” in the
outcomes of the game-simulation.

Although some of thgroundrules as to how a game is
allowed to develop are predetermingg., thephysical
laws governing streamfloware predetermined and
invariant), much of the definitionand use of the
evaluatory and prescriptive game pieces is left to the
participants. As ourexperiencehas shown, themost
successful gamesare those in which participants

or

themselvesdevelop a shared understanding regarding the

Planning students learn how to collaboratively
design zoning regulations and understand their
developmental impacts in different locations of
downtown Boulder

Figure 1: The simulation and gaming tools of SIMLab

Environments in SIMLab support decision making and learning in an interactive, experiential and collaborative manner.

They act as

vehicles for dialogue between users to attain shared understanding by providing them with physical languages that allow a flexibility for
the users to reach informed compromises by changing their minds about choices after understanding the consequences



possible alternativelesigns (prescriptive pieceahd their
evaluation criteria (evaluatory pieces), evdmough the
actual evaluations may shoprofound differences across
different interests. Irshort, whereashe descriptive pieces
more or less set the physicahd legislative boundary
conditions for problemsolving, the meanings of the
prescriptive and evaluative pieces are develdheaughout

the game in a complex process of social interaction
[Schneider & Arias, 1997].

An Assessment of Physical Games and
Simulations. Our experience inthe development of
more than 60 of these 3D-simulation-gamesd the
deployment of some athem in actual urban planning
domains such as the revitalization of the Cole
Neighborhood in DenvefArias, 1996] havemade us
aware ofsome of the benefitand limitations of these
simulations gamesand provided uswith a deeper
understanding of different media. The strengths of physical
media are:

Direct, naive manipulability and intuitive
understanding It is very natural to pickand place
physical objectscertain characteristiosize, weight,
color, shape) can be used to communicate meaning.

Tactile interaction The sense of touclprovides an
additional dimension of interaction. In augmenting
the visual, the tactile aids understanding and retention.

Mediation of communicationand social interaction
Once a meaning has been negotiated for a game piece,
the piece becomes animplicit part of the
communication. The objects act as a means of
focusing the conversation and a conduit éanphasis,
feeling, and conviction. The physical support
interaction between players—thability to give a
physical object to another playend associate a
meaning with that transactiaran enhance ideas and
viewpoints more directly.

Some degree 6@iflelity to reality As physical pieces,
it is easy to placandmove objects in 3D physical

Language of Pieces Support

EVALUATIVE

PRESCRIPTIVE

DESCRIFTIVE
<>

= PROBLEM
EXETENCE

<L <2

#REDIEECTIVE & REINFORCIVE
SUBETANTIVE SUEETANTIVE
& FROCEDURAL  FROCEDURAL

INTERVENTION  INTERVENTIONS

IEAST)
FTET
= FROELF
INTENSITY

DESCRIPTION

DISTRIBUTED
STAKEHOLDERS
ASSERSEMENTS

FEEDBACK LOOFP FLEXIBILITY
“TRADBE-OFFS/ TRADE-BACK S’ SUPPORT

DECISION SUPPORT — VISUALTZATION
OF INFORMATION & IMPACTS

DISTRIBUTED  picpeasE
STAKEHOLDERS EEFRETATIN

INTERY ENTIONS

Figure 2: A Common Physical Language.

Elements of the three vocabularies in a language provide descriptive, evaluative

and prescriptive support to decision making
gameboard.

through their interactions with the



space and to avoid inadvertent co-locafjooundaries
of the physical are enforced).

Many of these advantages are interrelaedinteractwith
eachother. On the othdnand, weaknessesre associated
directly with the limitations of the physical material:

* The models are passive, incapable of changing
representation without intervention by users.

» Behavior is not easy to visualize: All interpretation of
meaning has to come from users

» Automatic feedback on the consequences of a decision

is not provided,

* Fidelity to reality is limiteddue toproblems such as
scaling.

» Alternate realitiesare not easy to model—it is not
possible to do actions thatre not possible in the
physical world.

* Management of information is difficultResults
generated byhe game (descriptions, evaluations, and
prescriptions reached by the players) must be
transcribedinto some other fornfor posterity and
future use. Information from other sourdést needs
to be brought to bear on the problem is awailable
in the physical model.

As discussed subsequenthgth strengthsndlimitations
point to the needfor an integration of computational
functionality with these physical tools.

Computational Media

The dynamic nature otomputationalmedia canhelp to
mediatesome of the limitations of physicahodels by
providing the ability to process and provide information in
a mannethat supports thelecision-making processes at
work in design. Computational simulatiorgn provide
insights into the dynamics of the design. Althoubére
aremany approaches t@roviding computational support
for design[McCullough et al., 1990], wéave explored
some specific approaches to this.

Examples of Computational Media: Domain-
oriented Design Environments. For a number of
years we have developedmputational support fatesign
activities in the form of domain-oriented design
environments [Fischer, 1994}ased onlessonslearned
from other desigmlisciplines, specificallyarchitecture and
urban planning [Arias, 1995; Schén, 198Btanscending
other computational environments, domain-orierdesign
environments:

e support human problem-domain communication
[Fischer & Lemke, 1988] by bringing task to the
forefront and by reducing the conceptualdistance
betweenthe world to bemodeled andhe modeling
world. Domain-oriented software iwore usable than

generic software becausesersdirectly interactwith
familiar entities and do not need to learn new
computer-specific concepts.

e increase inthe “back-talk” of the situation by
incorporating critics [Fischer etl., 1991a] that
representthe knowledge and insights of “virtual
stakeholders” (Figure 5).

make argumentation serve design [Fischerakt
1996] by allowing critics tdeaddesigners to design
rationale that is relevant to their task at hand.

provide access to contextualizeidformation by
retrieving cases in a cataltigat come closest to the
ongoing design activity [Fischer & Nakakoji, 1991].

Weaknesses of computational media.
Computational systems (unlikmechanicalsystems) are
often opaque[Brown, 1986]. The whole environment is
“inside” the box. Users are often forced to “work the
computer” ratherthan being able to focus on thask.
Depending on the background of the stakeholders
involved, even operating mouse may (in thecase of
computer novices)draw substantial amounts otheir
attention away from the actualtask. The decentralized
control (or the naturalability to contribute) that is
possible in the physicahedia describedbefore is often
lost in computational environments (a probledfdressed
by the “live board” technology [Stefik et al., 1987].

THE INTEGRATION OF COMPUTATIONAL AND
PHYSICAL MEDIA

The preceding discussion touches on strengths and
weaknesses dfhe physicaland computationmedia for
modeling in design. Our observation is th#iese
attributesare complimentary—where onapproachhas a
weakness, the other can bring its strength to bear.

For example, in the context of urban design,amein the
process of developing an environment fdesigning
sustainable neighborhoods (Figure 3). This work lieen
proceedingusing both computationand physicalmedia,
and has reinforcedour characterizations o$trengths and
weaknesses. Although the computational vergimvides
information relevant tand inthe appropriate context of
the design process, it isnot conducive to naive
manipulation; whereasthe physical version exhibits the
converse tradeoff.

Although the complimentary aspects of thesediaargue
for their integration, there are additional synergistic
relationships that extend this reasoning further:

»  Broader repertoire the combination of physical and
computational elements extends the set of choices for
what goes into and is left out of the modaipviding
a greaterdegree of freedom tomake appropriate
choices based on the goals of the design process.
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Figure 3: Mr. Roger’'s Sustainable Neighborhood:

Developed initially as a computational simulation (upper portion), Mr. Roger’s Systainable Neighborhood allows citizens to learn
about issues that affect the design of their community as they face decisions on neighborhood development. While navigating
through the computational representation of their locale, design decisions are presented along with argumentation related to the
issue at hand. Although the computational version provided important capabilities, a physical version (lower portion) was created
to explore and contrast the strengths of this medium. A combined version is currently under development.



Continuity ofargument By integrating the physical
and computational models, giving gameieces
meaning and defining or redefining rules and
evaluatory pieces can take place without the cognitive
interruption of switching to aeparatecomputer and
its user-interfaceThat is, as theplayer moves and
places a piece representing a street lightparéicular
location, shearguesthe point that higher levels of
illumination at night would make her feel safer as she
walks from the bus toher home. Her verbal
argument including subjective factorsuch as
intensity of conviction (emotion), odescription of
functionality  (level of illumination) are
complementedhrough theartifact (the 3-Dlanguage
element) representing the more objectimetors of
the argumentgspecific location oreven higherevel

of illumination). This continuity is especially
important in light offindings that, even for very
friendly computer-user interfaceth)e addedvalue of
real-time modelingand plan evaluationcan get lost
almost entirely in the cognitivburden ofhaving to
work the computer [Reitsma &Behrens, 1991].
Similar argumentgan be found in a comprehensive
review by Landauer [Landauef,995] of studiesnto
the usefulness and usability of computers.

Transparency If properly designed, understanding of
the meaningsassociatedwith the physical, 3-D
attributes of the gaming simulation imtuitive.
However, theinability of the physicalmodel to
provide feedback onthe consequences ofctions or
visualization of behaviorcreates a certaitack of
transparency.Further, althoughgreat strideshave
been made in representing 3-dimensional objsath

as buildings or entire neighborhoods in computers,
architectsstill heavily rely on physicaimodels of
these objects when communicating their designs to
the public and their sponsors [Anthony, 1991]. By
combining the physicadnd computational media, a
greater degree of transparency is achieved.

Interpretation of meaningendowing the 3D physical
tools with meaning is something thalayers can do
well in social interaction. This attribution is
extremely difficult to support with traditional logic
formalisms used for computer representations
[Winograd & Flores, 1986].Experiencewith visual
rule-based languages showigh degree ofsimilarity

to the rulesused byplayers in the physical games,
making this anatural means of capturing and
supporting the interpretation of meaning by
computational media. The development afcanmon
language of gaming elements by the players using the
physical attributes of the tooknd the assistance of
the computer, supports making the selection,
placement, and relocation of pieces on gaeneboard.

This allows them to follow the arguments and
reasoning applied irtheir negotiations as well as
increase the reliability of the interpretations.

* Enhanced conflict resolution, shared understanding and
problem/solution ownershipTaken collectively the
usefulnessand usability benefits of the toolsfford
users the ability toresolve conflict by facilitating
discussions and bringing tagihowledge ofproblems
from the different stakeholders to ashared
understandingSuch anunderstanding isthe basis
from which informed compromises in the resolution
of conflict can be reached. In addition, faee-to-face
participation capabilityoffered by these toolsbetter
affords a sharedwnership of the solution to the
problem by the stakeholders, leading to the formation
of critical coalitions that support implementation

Making the Computational World Aware of
What is Happening in the Physical World In all
environments where physical worlds are modeled in
computational environments, we need mechanisms to map
events bacland forth betweenthe two. The problem is
not as challenging in our worBecause inthe domain
chosen, namelgesignactivities, many interactions and
events happewithin the environmenfthereby weavoid
tracking the location of physical objects moving through
space[Bolt, 1984; Harper etal., 1992] and analyzing
speechand vision [Torrance, 1995]). Domain-oriented
design environments contain specification components
[Nakakoji, 1993]and embeddingnechanisms thatake
the environment not only thkeeper of arartifact, but
capture the discussion about the artifathin the artifact
[Reeves, 1993]. The Electronic Cocktail Napkin [Gross,
1996] is a computationadrawing environment that can
parse drawings produced with pen-tatésthnology into a
form that is interpretable by computerThis allows
designers to takeadvantage ofcomputational support
mechanisms (such as editing, critiquiramd simulation)

in their work.

The InterSim Project

Based onthe synergies arising from the complementarity
of displayedstrengthsandweaknesses dfoth media, we
are now developing a computationally INTERactive
SIMulation-gameboard (InterSim) as pint project
betweenthe SIMlab in the College ofrchitecture and
Planning and the Center for LifeLong Learning and
Design in ComputeScience [Arias efl., 1996]. This
effort has at itscorethe creation of athat supports new
paradigms ofinteraction—with an emphasis on support
for shared interaction to mediate social aspects of learning,
design, and planning. InterSim integrates the use of
physical media—tosupport and encourageface-to-face
interaction among the participants—with computational



media, providing support for thenodel underlying the
simulation (Figure 4).

Unlike its three-dimensionaphysical predecessors, the
new integratedenvironment will have capabilities for
flexible displays of the setting beinganned. Different
settings can be visualized as overlays dhe same
gameboard monitor, e.gcchanges from onaeighborhood
to another or relocating easily from thevhole
neighborhood to a particuldslock or street within it.
Simulation data andresults can be visualizedhrough
computational windows. For example, impact on the
safety of a street from physical objects representarg
moving at 25 MPHinstead of 40MPH can be visualized
in orderfor the users tchave ashared understanding of
meaning.  Likewise, informationcan be stored in
databases as it igproduced during sessions. Thus,
computational functionalitgan be integrated tenhance
the contributions of the physical simulation-games
approach while retaining the physical media’'s
participatory, experiential and social interactive
characteristicsand ameliorating most of theimbserved
limitations. In this manner, weare enhancing
communication, facilitating shared understanding and
creating better artifacts, which caopport conceptsuch
as learningand decision-making ondemand in future
human-to-human interaction.

Technical Challenges

InterSim presents challenges at many levels ofdégign
of interactive systems, includinghardware, operating
system, and user interface.

The hardware and the operating system need txtieaded
to permit interaction with multiple inputsensors
simultaneously. The system needs to:

» track and identify multiple sensors,

* support multiplelayers of sensorgi.e., multiple
sensors at the same XY location),

» allow sensors with state or control informati@eng.,
they might be used in the same way as a meutde
a button in current interfaces),

* handle multiple OS level software cursargher than
the single locus of contravailable in most current
systems, and

* pass information on evenfshange ofposition, state
change) fronthe various sensors to applications that
need to utilize that information.

We are currently pursuing the use of technology similar to
that used in graphic drawing tablets with wireless pens.
These system use a sensor that responds to lowrézliel
frequencypulses with a resonant response, which allows
the position of the sensor to rackedwithout the need

for a sensor battery.

Although these challenges are not trivial, the
opportunities for new approaches at the user-interface level
are even moreexciting. In order to support face-to-face
interactions, we need to rethink the objects ofitterface

so that theyare accessible regardless pbsition around

the table. This accessibilityncludes issues such as
readability and “reachability.”

One example othis problem is the use of menus: In
current interfaces, menus are orientationally modathen
this is translated directly to dorizontal interface, the
menubar is unreachable bthoseindividuals across the
table, andunreadable byhose closest to itOne solution

in this case would be to providgull-up” menus along
eachedge ofthe work surface,with the words oriented
toward the individuals along the edge.

Other examples of challenges in the usérface include:
dialog messages (how to makieem readablefrom all
directions), window controls (if windows are still a part of
the interface)andicons. These exampleareall based on
the current paradigms of user interfaces. InterSim forces us
to reconceptalizandtake advantage ohew possibilities

the interface may afford. For example, thecommand
structure could beembedded incertain special sensor
pieces—a file->open dialogcould be accessed and
manipulated by placing afopener” piece onthe board.
Overall, our guiding principal in thisffort will continue

to be an emphasis on environments (physical and
computational) serving as both aeediators of human-to-
human communication and human-computer
communication.

Assessment

The conviviality of adesign medium[lllich, 1973] is
often determined by a user's sensecoftrol, whichrests

on a robustunderstanding ofhow a given system
functionsand ofwhy the proceduresfor operationare as
they are. The level ofinderstandingthe sensation of
directness [Hutchins et al., 1986], is always relative (1) to
the general knowledge backgroundtioé stakeholders, (2)
to the experiencewith specific media,and (3) to the
relationship of the model to the world thatn®deled. As
our work with different design mediahas shown,
computational artifacts and models have to be learned, and
hidden mechanisms have to benderstood, whereas
physical media provide deeling of directnessresulting
from the commitment of fewer cognitive resources.

There is a growing interest imnderstandinghe trade-offs
between different design medidlembers of ouresearch
center have pursuedhe analysisand integration of
different design mediafor a long time. We have (1)
identified the similarities andifferencesbetween technical
construction kitsand programming [Fischer &Boecker,
1983]; (2) overcomethe abstract nature of mathematics
with Hypergami [Eisenberg & Nishioka, 1996] by
integrating both theabstractand real-world aspects of
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Figure 4: The InterSim Workstation:

The proposed architecture for the InterSim station developed at the SIMLab and the Center for LifeLong Learning and Design
supports the integration of 3-D gaming and simulation approaches to decision-making and learning on demand..

mathematics by allowinghildren to desigrand construct
polyhedral modelsand sculptures; and (3) integrated
technical construction kits with programming by
developing a programming environment(called
“Legosheets”), which empoweend-users tgprogram the
behavior of the computationallgnrichedphysical objects
[Gindling et al., 1995]Beyondour own work,there is a
growing interest in blendingeal-world artifacts with

computational media as documented ifEisenberg &
Mackay, 1996].

In the context of the physical gameboards, we teready
studied some impacts of the use of our systems on
comprehensiorand retention. Through theexperiential
characteristics o$election, placemerand replacement of
the physical elements, comprehensiand retention are
facilitated for various reasons. For example, in ¢hse of

augmenting comprehensiotihere is greaterand faster
capability to elicit tacit knowledge of other points\oéw
associatedvith a problem througlface-to-facenteraction
between players. The physical language supports the
ability to describe, evaluate, and prescribe (critical
thinking) in a flexible manneandinteractively between a
player, the tool, and other players [Arias, 1996].

In the Cole neighborhoodwhere such tools were
developed tosupport neighbors in the revitalization of
their neighborhood, a baseline survey wasiedout with
115 subjects [Foy, 1991]. An augmentation of
understanding ofhe boundaries othe neighborhood was
observed inthe cognitive maps of “myneighborhood”
drawn by those neighbors who had usedttiwés over the
ones whohad not used them. Cognitive definitions of
neighborhoodsare important to planningbecause as



images they inevitably structure reality [Huxtable, 1973;
Lynch, 1960; Sanoff, 1973]. Likewisegliscrepancies
between the cognitive and the real political definitions of a
neighborhoodarerelevant since their existen@an limit
neighborhood participation in desiggand policy-making
processes.

FUTURE WORK

Despite the hype for “virtuality” inoday’s world, there is
an important place for people to interact wiéal objects.
As we argued inthis paper, the physicabnd the
computational world each have their strengths and
weaknesses, and the integration of the wanlds canlead
to new desigmmediathat retain therespective strengths
andeliminate some of theveaknesses of eacBased on
our work so far, wecan imagine numerousfuture
directions that our work could follow.

Rather than outfitting the physicahodels only with
sensors [Torrance, 1995], computationally enriched
physical objects (takingdvantage oflevelopments such
as the programmable brickgxtend the repertoire of
physical models tdnclude objects thatcan move under
their own control, further enhancing this design medium.

We also want to pursue support fetakeholderseyond
only those “at the table.” Thisncludes support for
distanceinteractionsandthe creation and development of
virtual stakeholders.

The distance interaction could take the form of
simultaneous sessions atdifferent locations, or
asynchronous outreach—e.g., making thmodels
available atmultiple locations, such aseighborhood
libraries, for people to study, explorand comment at
times convenienfor them, not justwhen the public
forums are held.

The virtual stakeholder idea (Figure 5) builds on work

with critics [Fischer efl., 1991b],andwould attempt to
capture differentperspectivesand allow them to be
brought to the table azeededAbsentstakeholdergould

be represented in @mputational senséndividuals could

use this as a training tool or sounding board.

unfocused physical
discussion gameboard

_ ® ma
® ® ©®

InterSim some virtual stakeholders to

In efforts to enhanceommunicationand facilitate shared
understanding we see the real need in innovatioks that
do not force the user to change the situatiohaa to fit
a particular medium or moddhstead, futurdrameworks

should facilitate the integration of the computational and

physical worlds, not by translating them into ‘aither-
or” type of support, butather by providingusers with
flexibility to move about this spectrum iorderfor them
to identify the proper blend of computatioraid physical
capabilities that the learning design situation demands
from the user.
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