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Abstract— UrbanSim is a large scale land use and trans- area, users prepare a “baseyear database” that consists of
portation simulator that models the possible long-term efécts the starting state of the region in a particular year. They
of different policies on urban regions. The output is preseted o nrepare alternate scenarios — packages of transpartat
using indicators, which are variables that convey informaton . t t d i d land h d th
on significant aspects of the simulation results. To supportheir 'r_“’es ments, and policy and lan u_se ¢ anges_ — an en
use, we designed and implemented the Indicator Browser, a we Simulate the effects of these scenarios over periods of 20-3
based interface for visualizing and browsing indicator resilts years. These scenarios are either realistic alternathegsare
in the form of tables, charts, or maps. This interface was ynder active consideration, or diagnostic test scenanidelp
designed and evaluated via design techniques including M@ a5 ate how well UrbanSim performs on a particular region.

Sensitive Design, paper prototyping, and frequent user teamg. - - N .
The Indicator Browser was implemented on top of an evolving UrbanSim’s output is presented using indicators, which are

system, developed using agile test-first software developmt Variables that convey information on significant aspectthef
strategies. This paper presents the Indicator Browser as an simulation results. This paper describes the IndicatonBey,

illustrative e-government infrastructure case study. We @scribe g web-based interface that facilitates indicator genemagind
its interface and system design, implementation process,nd gy ajization. We discuss the interface design and impfeme
evaluation by a set of potential users, and discuss our plans .. . . . . ;
for deployment. tatlo_n process, in particular the_ integration o_f Value $tem;
Design [3] into user-centered interface design practicasd a
|. INTRODUCTION a discussion of our recurring design issues and implemented
The process of planning and constructing a new light rablutions, as an e-government infrastructure case study.
system or freeway, setting an urban growth boundary, cimangi The UrbanSim group has worked with regional government
tax policy, or modifying zoning and land use plans is ofteagencies in applying the system in the urban areas around
politically charged. Our goal in the UrbanSim project is tdetroit, Eugene, Honolulu, Houston, Puget Sound (Seattle
provide tools for stakeholders to be able to consider diffier and surrounding cities), and Salt Lake City. There have also
scenarios, and then to evaluate these scenarios by modebiegn research and pilot applications in Amsterdam, Paris,
the resulting patterns of urban growth and redevelopmemhoenix, Tel Aviv, and Zurich. The Puget Sound applicatibn o
of transportation usage, and of environmental impactsy ougrbanSim, and our work with the regional planning agency,
periods of 20-30 years [1], [2]. the Puget Sound Regional Council (PSRC), plays a central
UrbanSim, combined with transportation models anble in the system evaluation reported here.
macroeconomic inputs, performs simulations of the interac The rest of the paper is organized as follows. Section Il
tions among urban development, transportation, land use®, alescribes how indicators are used to present key resulis fro
environmental impacts. It consists of a set of interactingrbanSim simulations, while Section Ill summarizes prior
component models that simulate different actors or prasessvork on indicators for UrbanSim, informed by the Value
within the urban environment. For example, one componeBensitive Design theory and methodology, which underlies
model, the Residential Location Choice Model, simulates timuch of the research presented here. Section IV discusses
decision-making process of a household seeking a new glacebme issues around the latest implementation of UrbanSim
live. Other component models include the Land Price Modahd implications for the Indicator Browser. Sections V, VI,
(which captures key aspects of the real estate market), tved VII describe the interface design, system architecture
Demographic Transition Model (which simulates changes and implementation, and evaluation of the Indicator Brawse
the overall demographics of the region, such as births hdeatSection VIII concludes.
and moves in and out of the region), and a Real Estate
Development Model (which simulates the actions of realtesta
developers as they build or renovate housing, office spaceAs used in the planning literature, an indicator is a vagabl
and so forth). An external travel model models trips, modbat conveys information on the condition or trend of one
choice (whether the trip is by automobile, bus, bicycle),etcor more attributes of the system considered [4], [5]. The
and congestion. Typically, each component model is run amdicator will then have a specific value at a given time.
a simulated annual basis. To apply UrbanSim in a particulardicators form the principal means for presenting infotioa
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from an UrbanSim simulation to the users. Some examplpkilosophically informed analyses of the central congsuc
of UrbanSim indicators are population, number of jobs, lanahd issues under investigation. Empirical investigatitotsis
price per acre, vehicle miles traveled per year, or greesbown the human response to the technical artifact, and on the
gas emissions from transportation. Generally we can pm@duarger social context in which the technology is situated,
values for these indicators for the region as a whole, andl algsing quantitative and qualitative methods from sociatisce
for different subregions (for example, the population o thresearch. Technical investigations focus on the design and
region, or of a particular county, city, or neighborhood)e Wperformance of the technology itself. A third key aspect of
can also find values for the indicator for each of the simadlaté/alue Sensitive Design is its focus on both direct and irdire
years, and for different scenarios being investigated.imde stakeholders. The direct stakeholders are the users of the
cator values are then displayed as tables, charts, or maps. $ystem; the indirect stakeholders are those who don't use th
example, we might track the greenhouse gas emissions for fystem directly, but who are affected by it — a group often
region for each simulated year between 2005 and 2030, undgerlooked in other design methodologies.
two different scenarios. The greenhouse gas emissionsiéor t For UrbanSim in its current form, the direct stakeholders
entire region would best be displayed as a table or grapHewhare the urban modelers and planners who use UrbanSim and
a spatially distributed indicator, such as population @gns manipulate its results. The indirect stakeholders areetivdso
would typically be displayed as a choropleth map (a map théd not use the system directly, but who are affected by ityThe
portrays different population densities as different #sgak.g. include for example elected officials, members of advocacy
darker blue for higher densities). Figure 3 shows a variéty and business groups, and more generally all the resideitis of
such indicator visualizations. region being modeled, as well as residents of nearby regions

One important use of indicators is in policy analysis. FdDne of our goals in the UrbanSim project is to open the
example, suppose that we are interested in fostering campatanning process and use of models to wider participatiah an
walkable, more densely populated neighborhoods within tkérect use — in other words, to move more people from the
urban area, and curbing low-density, auto-oriented dgreldndirect to the direct stakeholder category.
ment. In the urban planning literature, population den@ty Early in our conceptual investigations, we made a sharp
regarded as one of the key indicators of the character distinction between explicitly supported values (i.e.estthat
development, e.g. dense urban, low-density suburbanl, rurae explicitly want to support in the model system) and
etc. We can then use UrbanSim to predict population dens#takeholder values (i.e., ones that are important to sore bu
in different parts of the region, under alternate scena@msl not necessarily all of the stakeholders). Next, we comihitte
show the results as choropleth maps. In addition, modebss o several key moral values to support explicitly: fairnassl
UrbanSim indicators diagnostically, to learn about theesyss more specifically freedom from bias [7], representativenes
internal operation, to help assess whether it is operatiagcountability, and support for a democratic society. mtu
correctly, and to debug problems. In the work reported heras part of supporting a democratic society, we decided that
we are concerned with both evaluative and diagnostic useghe system should not a priori favor or rule out any given
set of stakeholder values, but instead should allow differe
stakeholders to articulate the values that are most impbrta
to them, and evaluate the alternatives in light of theseeslu

In this section, we summarize prior work by BorningFor example, for one stakeholder economic values might be
Friedman, Davis, and Lin [6] that underlies much of th@aramount, while for another environmental values, or for a
research presented here. The domain of urban planningthgd, issues of equity. These value concerns might lead to
both value laden and rife with long-standing disagreemenfsarticular attention to different indicators (e.g. acrévacant
including in particular the choice of indicators to presemtd land available for development, greenhouse gas emissions,
how they are presented and described. To approach these valu distributions of wealth and poverty). In addition to the
issues in a principled fashion, we rely on the Value Seresitiexplicitly supported values listed above, we also iderdifie
Design theory and methodology [3]. comprehensibility, and subsequently legitimation andgra

Value Sensitive Design is an approach to the design pérency, as key instrumental values to be supported ettplici
information systems that seeks to account for human valuesgitimation in particular developed as a key value — if some
in a principled and comprehensive way throughout the desigtakeholders don’t perceive the use of UrbanSim as legiti-
process. Key features are its interactional perspectipartite mate, they may never accept its use in the decision-making
methodology, and emphasis on indirect as well as dirgutocess, and may disengage from discussions involving it,
stakeholders. Value Sensitive Design is an interactidreadtty: reducing the diversity of stakeholders present at the tabte
people and social systems affect technological developmamdermining democratic participation. If stakeholdersoveo
and technologies — such as urban simulation systems ret see UrbanSim as legitimate nevertheless choose to stay
shape (but do not rigidly determine) individual behaviodanat the table, their constant questioning of simulation ltesu
social systems. Value Sensitive Design employs a tripanay detract from discourse about what really matters in the
tite methodology, consisting of conceptual, empiricald amoutcome of adopting a course of action.
technical investigations. Conceptual investigations jgose We were concerned with usability issues as well, in particu-
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lar with making information “ready-to-hand” [8], that isagy ban Simulation [9]. Opus is written in Python, and makes
to access in the course of interacting with UrbanSim, both hsavy use of efficient C++ array and matrix manipulation
an end in itself and also in support of transparency. libraries, such as numarray. The latest version of UrbanSim
Building on this analysis, we designed and built a seriddrbanSim 4, is now written using the Opus framework. The
of prototype tools for browsing through the results fron®pus/UrbanSim 4 work was carried out after the work on
UrbanSim simulations. The key design problem we addresseatlue sensitive design of indicators had been completedl, an
was: how can we create an interaction design around indie@hile it had no major impact on the results of the conceptual
tors for UrbanSim that will provide improved functionality investigations, it did result in major changes in the wayt tha
support stakeholder values, enhance the transparencyeof itidicators were computed. The SQL queries that were used
system, and contribute to the system’s legitimation? Thal finn UrbanSim 3 greatly enhanced transparency, but at a cost in
version presented in reference [6] included careful texdini efficiency. In particular, computing a set of indicators kcbu
documentation of each indicator, a web-based browser fiake longer than the run time for the simulation itself. In
looking through the available indicators, and a separate I®pus and UrbanSim 4, indicators can now be defined using
dicator Perspectives framework that supports differegiaer Opus variable definitions in addition to SQL queries. Thia is
nizations in presenting their perspectives on which are tlkensiderably less transparent format, but indicator \alcen
important indicators and how they should be interpretedhfronow be computed in minutes rather than hours. As discussed
a policy perspective. The Technical Documentation for eadm reference [3], there is a complex relationship between
indicator, with an eye toward providing useful, ready-@al, supporting human values and usability. Sometimes theds goa
comprehensible information about each indicator, as well align, sometimes they are independent, and sometimes in
minimizing perceptions of bias, includes sections such ascanflict. This situation is an example of a conflict: between
concise definition, a more formal specification, a discussisupporting the value of transparency and enhancing usabili
of how to interpret indicator results, and known limitation (where the more transparent SQL indicators in some cases
At the time this work was done, all UrbanSim output wawere so inefficient as to be nearly unusable).
stored in a SQL database, using the open-source MySQLOpus represents data using instances of the class DataSet,
database system, and indicator results were defined as S@iich in turn uses efficient numarray storage represemtstio
queries. The documentation included the SQL code to complieample datasets include the set of all households in a
the results of the indicator, as well as tests that could Isanulation, and the set of all gridcells (the basic geog@ph
evaluated to check whether the SQL code was correct. Thessgt in our simulation). Households and gridcells in turivéa
tests were automatically evaluated each time the indicatde attributes, such as each household’s income, or the nunfber o
was checked into the source code repository. The Technipalople whose residence is in a given gridcell. There are two
Documentation was “live” in that the SQL code and testypes of attributes: primary and computed. Primary attabu
were extracted directly from the code base each time thegpresentraw data (e.g. the gridcell in which a given hoolseh
were displayed, guaranteeing that what the user read in ieglaced, or the number of people in a household). Computed
Technical Documentation was current. attributes are the result of computations or aggregatidns o
In our empirical evaluation of the Technical Documentatiorone or more other attributes (e.g. the population in a gfidce
we found that users were able to perform information extrawethich is computed by summing the number of people in each
tion tasks much more quickly using it than with their currenttousehold placed in that gridcell). Furthermore, attéisuthat
work practices [6], which involved using a disjoint collext aggregate multiple gridcells at different geography Isyslich
of reference material and tools. Further, users positieel- as zones or counties, are considered to be computed as well.
uated the inclusion of the SQL code and tests as part of tBemputed attributes are generated lazily — that is, thdireg
indicator documentation. These features support the saifie are computed only when needed, and then cached in case
transparency and legitimation: readers of the documeamtatithey are requested again. Using this scheme, indicatorbean
could see exactly what is being computed, and further, coudimply represented as particular kinds of Opus attribi{téste
see the tests that were used for that code. that in general, the running simulation won’t compute these
One significant gap in this work, however, was a graphicghrticular attributes — in other words, the indicator vaue
interface for browsing through the results of computingiindwon’t be available until they are explicitly requested —esd
cator values, as well as for requesting that additionalesif some other part of the system happens to need them.)
indicators be computed. Instead, one had to evaluate a PythoAs with indicators in UrbanSim 3, indicator values in
script to do this. It is this gap that the present work addressUrbanSim 4 can be computed and visualized using scripts. We
(Sections V — VII). currently typically use scripts that generate an entirelatf
indicator visualizations based on Opus attributes at ame.ti
The script uses a Python dictionary to specify declarativel
which indicators to visualize, the scenario, year(s), llesfe
In collaboration with an international group of urban modgeographic aggregation, and visualization type. The scrip
elers, the UrbanSim team recently developed a new opeaiso allows the user to aggregate indicators from smaller
source platform, named Opus, the Open Platform for Ugeographies to larger ones and vice versa. For example, one
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Fig. 1. Indicator Browser screenshot. The Session Bar ofeth&eeps track
of users’ selections and provides easy navigation througti@ interface. Fig. 2. Results Page, which contains information abouteriras well as
previous requests, and provides commands to view detaleted requests,
and make requests like previous ones.
can aggregate the values of an indicator at a gridcell level
onto the entire region, or dis-aggregate an indicator thﬁ.'te
gets computed for the counties onto the respective distri(ﬁtnco
within each county. Finally, the script gives the users the
flexibility to alter the visualization code to, for example
fix the color range displayed on the maps or determine t
desired range on charts. The currently available visugdina
types are charts, graphs, and maps using the matplotldrjibr
(http://matplotlib. sourceforge. net/), maps us-

usefulness of providing tools that contain ready-tneha
rmation, and on transparency.

In addition, the design and testing of the Indicator Browser
made extensive use of user-centered design techniquésj-inc

iNg iterative design, paper prototyping, and frequent giesi
discussions and user feedback. The intended users are urban
modelers and planners, as well as software developers. Each

. jteration was designed and evaluated using interactivapep
ing OpenEyV, latex tables, and comma-separated-value fi totypes keeping in mind the values that UrbanSim is

(which can then be read by any spreadsheet program). meant to explicitly support. A brief description of all tles

Even though this interface provides considerable flexibili methodologies, as well as their specific application for the
and power over the visualization outcome, some modelers qﬂgicator Browéer follow below

planners are not comfortable with writing and running code.
They find that this interface produces unexpected side tsffed. Iterative User Interface Design

(such as launching sub-processes from the script that opefterative user interface design is by now standard pradtice
unexpected command windows). In addition, the modeldfs sthe Human Computer Interaction (HCI) community (see e.g.
need to reformat and rerun the script, synchronize theiecof 0]). It is based on the realization that even the best desi
with the source code repository, set the right environmej|| not design the ideal interface on the first attempt; énast,
variables, and utilize various applications in order toatee iterative testing, feedback, and refinement is essentiatder

the visualizations. UrbanSim developers, on the other hang determine where and how to allocate design efforts. There

feel very comfortable manipulating code, but can only asceg a continuing cycle of design, testing, and feedback to the
the visualizations from a file server located at the officégad design.

of being able to access them through a web-browser at any _
location, and they need to edit and rerun the script ever if &+ Paper prototyping
they want is a single additional indicator visualization. Paper prototyping originated in the Participatory Design
work in Scandinavia in the 1970s and 80s [11], but has
since become widely used as part of iterative user interface
The Indicator Browser is a web-based tool for browsingesign techniques [12]. It is used to evaluate interfacdhen
through different UrbanSim runs, and indicator values thatarly stages of the design process, with the goal of fixing as
have already been computed for those runs and their visualany usability problems as possible before implementirg th
izations. It also allows new indicator values and visudies system. Although there are certain interface affordanbas t
to be requested, using a web-based form. It is intended gaper prototypes simply cannot capture (such as the experie
make indicators easier to generate by the interface’s targé clicking a button), addressing design decisions such as
users. It is also intended as a step towards including moresgflecting feature sets and basic user-interface interati
the indirect stakeholders into the direct stakeholder gréts using paper prototypes lowers the design and implementatio
design and implementation is strongly informed by the Valusosts while having tremendous impacts on the usability ef th
Sensitive Design work, in particular, the empirical reswin interface [13].
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1. Scenario o : ’ ; s
e TR These are the indicators that are immediately available for viewing.

Cities If wou would like to request a different indicator please click on
"Choose a different indicator”

Yiew pre-generated
indicators [ Choose a different indicator > ]

2. ¥Year
3. Geograghy
4, Yisualization
5. Indicator

g

. Confirm and make regquest

tables:

faz table number of jobs.cey

zone table number of jobs.csy

zone table population. csv

large area table population.csy

large area table number of jobs without resource

Fig. 3. Pre-generated Indicators page, which displayshallindicators that are immediately available for viewing.

The Indicator Browser design process combined usabilithe designers moved to a sequential interface, in which the
testing, iterative user-interface design via paper pyqiioig, user's choices on one web page would affect the content
and the Value Sensitive Design methodology. The principahd available options for subsequent pages. The first author
goal in the Indicator Browser design work has been for then performed a small informal interface evaluation and
to be usable by the target users while continuing to suppdisted some usability issues to get the interface ready for use
UrbanSim’s core values. interface evaluations.

Finally, two rounds of interface evaluations using rapid
paper prototyping were performed with eight urban modelers

The Indicator Browser was designed through iterative useand planners at UrbanSim and PSRC in May and June of
interface design. There was an informal initial discussia®005, respectively. A team of researchers designed paper
with modelers and planners at the PSRC, which resulted pnototypes by printing the already existing Indicator Beaw
an initial sketch of the interface. This interface would baeb pages, sketching new pages using pencil and paper, and
a single web page that would let users select the scenar&ng common stationary such as double-sided tape or sdicke
that they wished to visualize, along with specificationswdboto create paper widgets, for instance, drop-down menus or
the visualization, such as its type, years, geography aratlio button selections. The interface design was refined by
of course, the indicator(s) selection. After some technicasing the paper prototype to attempt to complete a set of
investigations, the designers found the implementatiothisf representative tasks. The tasks were developed usingnaerso
interface challenging due to the dependencies betwees thttmat represented our target users, using the knowledge that
selections, which are discussed in the next section. Toexef some of the researchers in the design team had about urban
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planning and our target users. more sense when visualized at certain aggregation levefs. F

The design team proceeded to evaluate the interface witkample, there are special Traffic Analysis Zones to study
volunteer evaluators at PSRC and UrbanSim. As is usual witlansportation-related indicators. Additionally, theswaliza-
paper prototypes, one person in the design team actedtias type depends on which geography is selected, sincelnot a
a computer by reacting to user input while the rest of thésualizations are possible for all geographies. (For gxam
team recorded the user’s experience. We asked our userst ie not practical to create a table for gridcell-level indiors
think aloud, to say whatever was on their mind when thepr most applications, since the table would be too largee Th
were using the interface, in order to determine the interfac PSRC application, for instance, has approximately 800,000
usability. We were especially interested in determiningolth gridcells.)
parts of the interface worked well, so that we wouldn't alter The order of the choices presented to the user was designed
them during the next round of design, and which parts tfased on a combination of technical and empirical investiga
the interface were confusing, in order to come up with bettéions. For example, the tests with paper prototypes inditat
design alternatives. In addition, we got suggestions diggr that users would prefer to select the indicator before sielgc
the representative tasks, which we refined as well through ttetails about the years, visualization type, and aggregati
multiple evaluations. After the user completed the represe levels (geography). However, once we moved to the imple-
tive tasks we asked them if they had any general suggestionentation phase, we realized that constructing an Indicato
and we explored possible design alternatives together. required knowledge about the selected years and geogrsgphy,

i i in the implementation the Indicator selection page wasgulac
D. Recurring Design Issues after these two selections.

There were some prevalent design issues throughout tha/ersatility vs. simplicity of design. The Python script,
interface evaluation. These issues were discussed extédnsiwhich is the current way of generating indicators, is very
and multiple design alternatives were created in order flexible and allows the user to create various indicators in
address them. addition to the ones that are available through the existing

Providing ready-to-hand information. This was a key Opus attributes. In addition, users who feel comfortable ma
goal, both to support the value of transparency and also ripulating code can access UrbanSim’s code directly inrorde
enhance usability. Its importance is supported by our earlito manipulate the look and feel of the indicator visualizas.
empirical work (Section IIl). In this context, the Indicato Therefore, the design team had to come up with a design that
Browser should make all the information easily available faallowed for the most flexibility while maintaining its uséibi.
the user to make an informed selection of the indicator to I@onsequently, there were several design tradeoffs thatkkim
visualized. In a larger context, interfaces often suffenirflack the functionality of the interface in order to maximize its
of help and documentation in the right place [14]. usability. One example being that we only allow users to

Through the different stages in the design process, we fouomimpare alternative scenarios to the baseline scenatleerra
the need to present the user with ready-to-hand informatithman allowing them to compare any two available scenarios.
about UrbanSim, the Indicator Browser, indicators and sce-Repetition reduction. The interface is designed as a se-
narios. The user wanted to know which indicators had beguence of pages that present users with different altewsti
precomputed, how long did the indicators take to computi, the form of radio buttons or check-boxes, in addition to
the status of their request, what other requests had begwing the users the option to provide a title for the request
requested and the current visualization’s selectionsceSih and an email where to send the results. This meant that for
was somewhat difficult to assess how long were the indicat@gery request they had to go through the same set of pages,
going to take due to the complicated interaction amongsten if they only wanted to change one or two alternatives.
models during the simulation, we decided to give the usersTais proved to be very repetitive and inefficient, espegiall
worst case estimate. While some users were satisfied wih thince urban planners and modelers usually analyze indgato
information, some still believed more precision was neagss starting with general information and then requesting more

An example of our efforts to provide ready-to-hand inforspecialized information where they see fit. For exampley the
mation can be seen in the results page found in Figure 2, whenght initially want to see population maps at a county level
the users can see the status, details, results, computatibn and later request the actual numbers (or a table) at a distric
error logs for all the requests. We also provided links to thevel for a particular year that looked interesting. Theref
scenario run configuration details and the indicator's Tézdl we decided to create a feature callsthke request like thjs
Documentation or code (in case the documentation was mdtich, when clicked, opens a new window with a pre-filled
available). All of this information was highly appreciatbgt request that the users can modify. This feature was highly
the users at every step of the design process. valued by the interface evaluators.

SequenceAs previously noted, the Indicator Browser was There were other shortcuts provided to reduce the amount of
originally planned as a single-page interface. Howevdsg thinput repetition, such as ahll yearsoption in the years page
was not possible due to the dependencies between selectitimst automatically checked all the available yearfResults
The indicator availability is dependent on the geographg ompage that allowed users to browse through other users reques
wants to visualize, since there are some indicators thaemadnd retrieve their visualizations. Finally, we also crela®re-



generated Indicatorpage for the users to have immediatén subsequent pages, all the invalid values are removed to
access to a list of pre-generated indicators after the sicenamaintain coherence.
selection. ) o
C. Managing Visualization Requests

Once the user has selected the scenario run, year(s), indica
A. System Design tor(s), geography, visualization type, request title,iaptfor

The system can be divided into three components: TRetification and email, a request is created and added to the
mechanism that allows the user to make requests, the mecfigualization queue. Th¥i sual i zati on Manager is a
nism that manages the requests once they have been SubmiwadOWS service hosted at one of UrbanSim’s servers. This
and the mechanism that actually generates the indicatats &rvice is in charge of managing the request queue by waking
their respective visualizations. A general overview of th#P every so often to:
system can be found in Figure 4. « Send new requests to tMe sual i zati on Servi ce,
the Windows service that generates the indicators and
their corresponding visualizations.

Creating an indicator visualization request is accomplish ., Attempt to complete requests that are being processed
by allowing the user to define the request through a sequence by assessing whether the visualizations ordered in the
of web pages. Each page in this sequence is channeled through request are present in the corresponding location in the
a single CGI page that gathers user input from the current file system.
page, updates the web session, and generates and disgays th Send email to users once the requests have been com-
subsequent page accordingly. Each web session is deteémine pleted, if the users selected to be notified by email. This
by an entry to theSessi ons table in the Indicator Browser email contains the URL of the web page that displays
database. The database not only keeps track of the values tha the indicator visualization if the request was completed
were selected, but also of the values that are available for successfully, and a link to the error log otherwise.
future web pages based on previous selections. For example, Send an email to the Indicator Browser maintainer if there
suppose we have data for the year of 2000 and 2001 for was an error processing a request.

Scenario A. If the user selects Scenario A in Beenari o

page, then the only options that appear onYear page are D- Generating Indicators and Visualizations

2000 and 2001. A nice feature of this implementation is thati Thel | | ustrat or is a module that takes in a visualiza-
one would want to make more options available to the usertiibn request, configures it by adding information that iscifie

is only necessary to add one more entry to the correspondiagthe Indicator Browser, and sends it to thedi cat or
table on the Indicator Browser database. For example, we @#&ct ory. The | ndi cat or Factory is a module that
planning to add support for visualizing the differencesis®n retrieves all the scenario resources, adds them to thedtatic
scenarios. If we would want to allow the users to create theBeowser specific information, creates a file with all this
visualizations we would just need to update theai | abl e information, and forks a process for each of the indicators i
t asks table with information about this new task. the request. This process is called thedi cat or Maker,

The page rendering is accomplished through a set of HTMthich retrieves this file, all the necessary data from the
templates that contain general information about how te digsults of running the scenario, and computes the values of
play a page. A small number of global templates determiniee indicator. Once these values have been computed, the
the HTML rendering that pertains to all web pages on the sitendi cat or Maker creates a visualization and saves it both
such as the CSS style-sheet link and common navigation®b the scenario cache and into the Indicator Browser web
links. A sidebar template contains the HTML framework fogpace, which is one of the specific items of information
the part of the web page that displays the session’s stateguired from thd | | ust r at or module.

(Figure 1). Finally, there is one template per web page that .

contains more specific information regarding the rendedhg E- System Implementation

each page. Each web page has®#ge Bui | der,amodule 1) Agile Test-first Software Developmerithe Indicator
that fills in the template blanks and renders the currenest&rowser was developed using Agile Test-first software devel
and page of the Indicator Browser. opment [15], which is a technique that focuses on producing

The Site Structure module determines the site’s se-software systems in small steps driven by unit tests. Theigle
guence and the input values and types that one should exgedeliver working software early and continuously to enten
at each page. This provides flexibility both for the order atustomer satisfaction. A developer should first write a test
which the existing pages are displayed and for including néar a new piece of functionality before it is implemented
pages into the sequence. (test-driven development). Both independent modules and i

Since the rendering of a page usually depends on tteractions between modules are tested. UrbanSim devsloper
previous user selections, there is a mechanism that detesmiare encouraged to commit their code as often as practical.
whether or not there were changes made to the previous pdgieeman, a program that runs all the project’s tests eveng ti
If there were changes, and these invalidate selections malde code is committed to the source code repository, als® aid

VI. SYSTEM DESIGN AND IMPLEMENTATION PROCESS

B. Creating a Visualization Request
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in maintaining code quality. Agile development encourages VII. EVALUATION

constant communication amongst the people involved in theryq hgicator Browser was evaluated by four urban planners
development process. Developers write “Today messagé$” [1 1o UrbanSim developers in April 2006. The evaluation
every day to let the rest of the development team knowngisted of an observation of the use of the Indicator Beows
about their daily progress. In addition, software engiBeef, 5 natyral setting, followed by an informal interview geit

and project leaders meet with customers on a frequent bagiSte general questions. The users were asked to generate
to communicate about the projects progress and redefigigy \igalize the indicators that they usually work withngsi

requirements. our interface. If they were unclear about what indicators
to generate, the evaluator prompted them to generate the
2) System Reliability and Robustnesobustness refers to indicators that were discussed on one of the PSRC-UrbanSim
the ability of the software system to perform correctly evemeetings that was held a few days before the evaluation. The
under extreme circumstances or when there are externalusers were asked how often and how they usually generate and
internal changes that affect system’s performance. Rétiab visualize indicator visualizations. They were asked to para
refers to the ability of the software system to perform ahe Indicator Browser with the tools they currently use. yhe
intended for a long period of time. Opus is an evolving systemere also asked whether and how they would use the Indicator
that constantly redefines its requirements and whose cazte b@rowser, and what changes needed to be made for the interface
is unstable. However, the Indicator Browser needs to bestpbuo be useful for them. Finally, they were asked to consider
reliable and flexible with respect to the changes in the Opuether this interface could be used by a different set ofsuse
code. Therefore, there were certain measures taken in todeand if so, who would that group be. We were interested in
improve such reliability and robustness. gauging how commonplace it was for the users to generate
or visualize indicators. Since there are two different gype
In order for the Indicator Browser to be reliable, all disof users: urban modelers and planners on the one hand, and
played indicators should be able to be generated and vidlrbanSim developers on the other, each group might have
alized. To achieve this goal, we created a set of Python unitdifferent set of needs and uses for the Indicator Browser.
tests that generate all possible indicator visualizationder all  Furthermore, we wanted to prioritize the usability issussnid
possible visualization types for a small test scenario fire during the evaluation and to have an understanding of plessib
only indicators that are displayed on the interface areehoRiture steps.
that passed the aforementioned test, therefore consiglerab -
improving the chances that all the indicators displayed di Usability and Value Issues
the Indicator Browser can in fact be successfully generatedThe evaluations showed that there are still some usability
and visualized. Currently, these tests and the set of dlailaissues to fix before deploying the interface. Some of the
indicators are run and updated manually. However, thesg taasterface changes made after the second round of usability
will be eventually added to the Opus nightly build and th&esting, mainly due to internal design discussions, had not
available indicator list will be updated automatically. been evaluated before and showed the need for refinement.



For example, we added a feature that allowed users to see pmelicator generation due to its low set-up cost, aggregatio
generated indicators immediately after the scenario 8etec of functions into a single web-based application, and the
(Figure 3). If the indicator that the user wanted wasn’t oalimination of the need to program. Their primary concern
the list there was @hoose a different indicatobutton that was with the pre-generated indicators section of the iaterf
allowed them to continue making their request. This was @ vewhich they found confusing, and mentioned they would use
useful feature that the users liked. The users showed siterthe interface after this issue was resolved.
once again in having more ready-to-hand information, suchTwo of our evaluators are software engineers and developers
as having the scenario’s name for each of the requests on with the UrbanSim project. They are very comfortable using
results page. and modifying the Python script and enjoy the flexibility tha
it affords. The Python script allows them to force color ramp
on maps and create indicator difference, aggregations and
After the users interacted with the interface for about haHis—aggregations of data across multiple levels of gedgrap
an hour the evaluator asked them the following five questiongowever, they do not have direct access to the file server
« How often and how do you currently generate indicatait home. One of the evaluators mentioned he had to use
visualizations? Microsoft's Remote Desktop application to access the gen-
« How does the Indicator Browser compare to the tools yarated indicators from the UrbanSim file servers. Therefore
currently use to generate indicator visualizations? he found the Indicator Browser to be useful for accessing
« Would you use the Indicator Browser? If so, how?  the indicators using a web browser from any location. The
« What would need to be fixed for you to use the Indicat@econd evaluator liked the organization of information. He

B. Post-task Interview

Browser? o liked that he could see which scenarios were available and
« Would you recommend this interface to someone else?tat he could access the indicators by selecting the seenari
so, who? from a list on a webpage rather than having to find out what the

The interviews revealed that each of the user groups gestenario directory was through database tables and adcess i
erate indicators with different frequency and that theyehathrough the file server. He mentioned that once he analyzes th
different perspectives on how useful currently used tooés aoutcome of the big batch of indicators generated through the
based on generation frequency and level of programmisgript he would use the Indicator Browser to create addition
expertise. Their perception of the utility of the currentiyed indicators instead of editing and rerunning the script. idoer,
tools had an impact in their perception of utility of theghe other software engineer mentioned that he would not
Indicator Browser. use the Indicator Browser since he enjoys the Python script

One of the users is a general urban planner who usually ddesctionality and does not like using multiple applicatoio
not generate indicators himself. The indicators are gaadracomplete a single task.
for him and he can access them through a file server. HeSome users mentioned they would recommend this interface
then visualizes them using the FastStone Image Viewer tdolthe general public and activist groups for use in urban-pla
(htt p: // www. f ast st one. or g), which allows contigu- ning courses, engaged citizens workshops, technical @agvis
ous visualization of up to four images, as well as synchimhizcommittees and general regional policy inquiries.
image zooming and panning. Consequently, he did not findAll users found emailing the results or accessing the result
the indicator generation mechanism extremely helpful fier hthrough a URL to be very useful. Most of them mentioned
common work tasks. He mentioned he usually looks at tileey would use the Indicator Browser to create additional
same set of indicators, and so he would use this interfacesto éndicators to get more detailed information after analgzine
the pre-generated indicators and would most likely notteregore-generated indicators.
some of his own. However, he suggested that the interface
would be a useful way for the general public to access this
information. This paper presented the Indicator Browser, a web-based

Two of our interface evaluators are urban modelers argbplication for generating visualizations of UrbanSim @im
generate indicators on a regular basis. Although they kndation results. We showed how a diverse set of techniques
how to create macros and how to program, they felt much mdféalue Sensitive Design, iterative design, paper protiotyp
comfortable generating indicators through a web applicati agile software development) can be used in concert in the de-
They found the Python script (described in Section 1V) teignh and implementation of an interactive digital governine
have a high set-up cost. The Python script requires themapplication, in particular, how consideration of humanues
check out the correct projects from the source code repgsitocan be integrated with user-centered design techniques.
set environment variables, modify the Python script, and ru The evaluation described in Section VII had only 6 par-
it using multiple applications. Since several sub-proessgticipants, and so these results are only preliminary raggrd
are launched within the script, the users became confugbe usability of the system in practice. However, theseltesu
whenever windows popped on their screen which they didnitere mostly encouraging as far as they went. Users were
know if they could close or what they were meant to do. Thisspecially interested in using the Indicator Browser taalze
last user group found the Indicator Browser very useful fdhe batch of indicators that are generated by the Pythoptscri

VIIl. CONCLUSION



and to create new indicators to further investigate intergs simulated using UrbanSim and then visualized. With this
issues that arise from the visualization of the pre-geeératsystem, engaged citizens will have tools that we hope will
indicators. There were some usability issues that stildntee aid them in making more informed decisions and particiggatin
be resolved before deploying the interface but in genesaltsi more fully in the urban planning process.

seemed very positive about the outcome.

Some of the disadvantages of this system are that it doesn’t ) )
allow as much flexibility as some other indicator generation YWe would like to thank all of the UrbanSim research team

mechanisms, such as the Python script. UrbanSim develop®@mbers and collaborators, in particular Janet Davis and
who are comfortable writing code cannot modify the indicato>andra Fan for help with the initial rounds of design and
generation code through the Indicator Browser, but they c&Maluation of the system described here; Batya FriedmaetJa
through the Python script. In addition, the Indicator Brews Davis, and Peyina Lin on their work on the design of the
only displays a subset of the available indicators which ab pindicator Browser and interaction mechanism, on which this
include the difference, aggregate and disaggregate itmi&a work dr_aws heavily; David Socha for softvyare engineering
among others. help; Bjorn Freeman-Benson, Casey Huggins, and Jonathan
The main advantages that the Indicator Browser has oJa#chs for their work on the previous versions of the system;
other indicator generation mechanisms is that it provides &nd the participants in all of our user studies. This regearc
the functionality from within one application, a web-braas has beerl funded in part by grants from the National Science
which all of our users were comfortable with. The users cdrPundation (EIA-0121326 and 11S-0534094).
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