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Supporting Synthesisin Geovisualization

Geovisualization tools are intended to supportyatalin complex task domains like crisis managendisease
surveillance, and threat analysis. It is likelytthaalysts in these domains will use geovisualiretito develop many
analytical results over time. This calls for attentto the problem of collecting, organizing, andkimg sense out of
groups of analytical results — a stage of analgaied synthesis. The research reported here airtisaracterize the
process of synthesis as it is conducted by analysitking alone, and to suggest design guidelineséav tools to support
synthesis in that setting. We have developed ae@grimental method for observing and charactegittie process of
synthesis. This approach has participants work witbllection of physical data artifacts on a pagmrered workspace to
devise hypotheses under the guise of a diseaseealtbcenario. From experiment video recordingsdemstified and
coded actions that participants undertook to coteghe synthesis task. In this paper we reporttefiom synthesis
experiments with analysts from Pacific Northwestidlzal Laboratory and experts from The Pennsylv&tie
University. Experiment results are then distillatbia design framework that can be used to shapedtelopment of
geovisual synthesis tools.

Keywords: synthesis, geovisualization, design framework

1 Introduction

Advanced geovisualization tools are intended t@stipanalysts in complex task domains like crisis
management (Tomaszewski et al. 2007), diseaseianee (Kamel Boulos et al. 2008), and threat gsial
(Weaver 2008). We anticipate that analysts in tlieseains will use geovisualization tools to devetogny
analytical results over time. This requires attamto the problem of collecting, organizing, andking sense
out of groups of analytical results — a stage avigial analysis calleg/nthesis. The central aim of the
research reported here is to characterize and sudgsign guidelines for new tools that supportisysis,
which until now has received limited attention e tGIScience community.

To address this challenge, we have developed ariexgntal approach for observing and characterittieg
process of synthesis. This approach has partigpantk with a collection of analytical artifacts arpaper-
covered workspace. Participants are asked to daysatheses from the collection of artifacts, andrrange
and modify artifacts and the workspace using stahd#iice tools like pens, post-it notes, and mask&o
analyze their work, we use video recordings totifieand code actions that participants undertake t
complete the synthesis task.

This paper reports synthesis experiment resulta fessions with analysts at Pacific Northwest Matio
Laboratory (PNNL) and experts at The PennsylvatééeSJniversity (PSU). Findings from these
experiments are then distilled into a design fraoréwhat can be used for future development of eV
synthesis tools to support analysts working omaividual basis. This work elaborates a key portbthe
theory that describes analysis with geovisualizasiod provides an in-depth examination of how irlials
approach part of the geovisualization researchgamdt also provides a novel experimental methazgofor
exploring and characterizing the synthesis of gamli information.

2 Background

The basic theory driving geovisualization reseavels originally proposed by DiBiase (1990), and edt=l
later by MacEachren (1995). DiBiase outlines a gr@lization research process that moves from
exploration to confirmatory analysis, transitionilegsynthesis, and ending with presentation (Figyrd o
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date, a great deal of geovisualization researctdamdlopment has focused on the goals of exploratial
analysis. Little specific work has focused on cheazing or developing tools to support syntheBigiase
describes this stage of geovisual research as, fithegis or generalization of findings.”

When viewed from thegartography)s framework of cartographic visualization (MacEachi®95), synthesis
research should aim to design strategies for comgasnd generalizing exploratory and analyticatiless as
analytical tasks shift from knowledge constructionformation sharing. These strategies will supfte
formative stages of condensing what has been désedwsing geographic visualization, as analystagh
goals from revealing unknowns to presenting wh&hmswn.

A commonly referenced theoretical framework in Géace by Gahegan and Brodaric (2002) describes
synthesis in somewhat different manner. In thaimework of geoscientific discovery, synthesis inegl
creating taxonomies from data — often in the fofrolassification schemes. As an example, Gahegdn an
Brodaric describe how analysts could visually expland identify suitable classification scheme$wit
landcover data — making synthesis an activity tltatrs quite early in the scientific process.

Because the definition for synthesis varies inliteeature, wemustdefine it clearly for researcfur focus is _ _ - { Deleted: itis important that

on the result generalization and organization stdgee scientific process — a (thus far) largeigxplored - ‘[Deleted: The current relevant

topic in geovisualization research. Therefore témm “synthesis” in the sense initially articulatedDiBiase

(1990) and MacEachren (199Sjappropriate, in contrast fo syntheaésiescribed by Gahegan and Brodaric - - - eleted: seems

I\

(2002). We define synthesis #e stage of an analytic process in which analysts organize and combine _~ { Deleted: the way

/

individual analytical resultsinto coherent groups that are used to assign meaning and/or encapsulate A { Deleted: has been

(D L

complex ideas._In any analytical process, iteration between stagiexpected, so we do not define synthesis
as a wholly separable, independent task.

Visualization researchers have begun to tackl@tbklem of supporting synthesis with new visualtixen
environments for collecting and adding meaningrtalgical results. Current synthesis support tauttude
Analyst’'s Notebook (i2 2007), nSpace (Wright et24l05), GeoTime (Eccles et al. 2008), Scalable &eng
System (Pike et al. 2008), EWall (Keel 2007), aigdaw (Stasko et al. 2007). These efforts have not
benefited from empirical studies of what analysisumhen they synthesize information. Our researdpsHil
that gap by exploring and characterizing the precésynthesis with geovisual information.

3 Synthesis Experiments

To observe how synthesis takes place an experweshtesigned for participants to simulate the veald
task of determining the source of an avian infleeoatbreak in the Pacific Northwest. The followsggtions
describe the experiment design and evaluation.

3.3 Study Participants

Eighteen participants were recruited for this studgiuding eight disease surveillance and
biological/chemical threat analysts from Pacificrtdavest National Laboratory, five GlScience expémsn
the Penn State GeoVISTA Center, and five infectiisease experts from the Penn State Center for
Infectious Disease Dynamics (CIDD) The Penn Stapees are postdoctoral research associates aiat sen
PhD candidates in their respective laboratories.
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The strategy guiding participant selection wasxg@e not only what is needed to support curreia\ysts,
but also to characterize how synthesis tools shinuridtion for people who are currently receivingieation
and training and will enter the analyst workforeg/@ars to come. Participant selection from PSllded

geographers as well as disease biologists to fuetklore potential differences between expertggbat - - Deleted: . In

are likely to work together ireal-world situationghat involvemulti-facetedgeographigroblens. - ‘[Deleted: analysts from a variety of
backgrounds will work together or

3.4 Experiment Design

Our experimenfeaturedan hour long synthesis activity in which particisaworkjn isolationto organize - { Deleted: feature

and annotate a set of physical artifacts (3.5” Yafiinated cards) on a 36" x 36" paper-covered wgake. - { Deleted: alone

Participantgvereprovided markers, pens, adhesive tags, and postas of multiple sizes and colorsto - { Deleted: are

modify the workspace and artifacts as desired.Uleeof physical artifacts and tools was intendeskfore = - { Deleted: with

how synthesis occurs without the constraints imgdsecurrent software tools, which typicat¥fer limited

lypes of organizational metaphofsialog experiments have been shown to elicit nemsdfor digital _ | eleted: e

technology through observations of how participantéke use of affordances provided real-world tools ™~ {Demed; one can use

o I

(Sellen and Harper 1997} has also been observed that analog methodslicitrgreater creativity among
users when compared to digital counterpé®tenes and Cassidy 2006)

Participants were instructed that an avian inflaeoatbreak had occurred in the Pacific Northwedtthaat
their task was to develop hypotheses for the sauirtiee outbreak using the artifacts and tools they been
provided. During the experiment, participants wesked to provide a talk-aloud (Ericsson and Sin#$8)
verbal protocol to state what they were doing. Abeéprotocol provides context for participant ang
during the experiment to aid post-experiment codinglysis.

In addition, participants were instructed to stakenever they had an emergent hypothesis, andetibybr
describe this hypothesis so that it could be rezdrdhis was done to evaluate whether or not ther@ment
successfully elicited realistic analytical behavior

At the conclusion of each experiment, a short ading session was conducted between the lead igaést
and the participants. At that time, the participaas asked to describe how they had organized their
information and what they had done to indicaterthgpotheses on the workspace.

3.5 Analytical Artifacts

A set of 48 analytical result artifacts (Figuren®re developed for the experiments (see Supplefémtthe

artifacts in, detail). The design of these artifagts based in part on tiSign Of The Crescent (Hughes and - { Deleted: high-resolution

Schum 2003) activity that is commonly used to tmialysts. This activity contains a set of texorépthat
include source information and time stamps. The gbtine activity is for analysts to determine like
hypothetical outcomes of a terrorism scenario basetthe information they can gather from text répoNe

- { Deleted: types and amounts

N ‘[Deleted: be

The artifacts used in the our experiments diffenfithose in th&gn Of The Crescent activity in that they { Deleted: d in each artifa

(D N

include maps, photos, and other graphics as wédhaseports. A 2-to-1 ratio of graphic artifatdstext
artifacts was used to develop the complete ses dhmice reflects the fact that geovisual analyiids
typically generate graphical rather than textualitts.
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3.3.1 Embedded Hypotheses

The artifacts were designed to weave a multi-thedaglory regarding an avian influenza outbreakén t
Pacific Northwest. Each artifact features souréermation and a timestamp, and there are photograph
videoscreegaptures, maps, data graphics, and text repotitgdied in the set. Based on the information
provided, there are five potential sources fordhtbreak, and there are many more permutationsipp@ss
given combinations of those hypotheses. The fiveattts devised for the experiment include: a natural
occurrence based on bird migration, a person nakledWatersby who intentionally spread the flu tibddw
birds and through pet stores, an Al-Qaeda operativeed Waleed Al-Keval who infected wild birds, an
unintentional outbreak caused by illegal pet trackévity by local pet stores, and a plot by Nortbr&a and
China to spread avian influenza to disrupt poutgnmerce in America.

3.3.2 _Geographic Information

Particular attention was given to the inclusion of a variety of realistic spatial referencesin the artifacts to
reguire participants to consider hypotheses in terms of their fit to the relevant geography. Flight schedules,
financial transactions, and flu outbreak data provide contextual geographic references to help participants
determine whether or not the geographic extent of the outbreak made sense in relation to where avian flu
already existed, how it could get to the region, and where funding to support that effort would come from.

Page 4 of 21

B { Deleted: 2
333 Randomization -
The artifacts were assigned a number from 1 tordBsarted for each experiment using a random
permutation. The randomized artifacts were plagethe workspace in a stack at the beginning of each

experiment.

3.6 Coding and Analysis

Our experiments generated eighteen videos. To aedhe videos, a coding scheme was developed to

describe the low-level events that users initiatecomplete the synthesis experimgdir focus,was on __—{ Deleted: The

defining which software tools and functions woulecessary to support what the user was doingthéth =~ { Deleted: here

artifacts during the experiment. Coding was congaldor all actions that were separable, using drbal
protocol of the user as well as the context ofatiBon to help guide choices. A conservative apgiagas
taken to identify actions that involved the direstiservable use of artifacts, tools, or the worksp&estures
or verbal declarations were not coded.

The first coding scheme was developed by the althaevatching sample videos. This scheme was then
further refined by a group of seven interface avfthware developers from the GeoVISTA Center duang
meeting in which sample videos were reviewed. Alfiound of refinement then took place after thihau

and their possible subtypes. The detailed codihgree can be found in Supplement B:

Annotate (text, drawing)

Group Artifacts (hypothesis, category, type, timed/unread, unknown)
Collapse / Expand Group of Artifacts

Link Artifacts (hypothesis, network)

Sort (category, type, time)

Search (category, time, read/unread, keyword)

http://mc.manuscriptcentral.com/tandf/ijgis
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1

2 e Tag (hypothesis, category, time, network, certaiftjow-up, place)

3 e Zoom (single item, multiple items)

4

5 Videos were coded using Transana (Woods and Fa#s?@@7), a software tool designed for qualitative
6 analysis of audio and video data. Ten sample videwe selected to test coding reliability. Two GEBVA

7 graduate students were each given five videosribhtded event markers but were stripped of thenevede
8 that the author had assigned. Code reliability assessed using a percent agreement measure, a slynmo
9 used method of inter-rater reliability (Yawn and N&o 2005). The percent agreement between the

10 independent coders and the author was 88.4%.

11

12 4 Experiment Resul

13 xperiment Results

14 The following sections describe results from ourthgsis experiments. Graphical data presentedcaerée
15  interpreted using the annotated legend providdtigare 3. The primary glyph carries with it the aobf the
16  major category it is associated with (e.g. Anngt&mup, Sort, etc...), and the smaller glyph &gtacto its
17  bottom indicates which particular subtype of thetegory was assigned. A qualitative color scheme wgad
18  from ColorBrewer (Brewer, Hatchard, and Harrowe®@20 Grayscale ramps were used to fill the subtype
19 glyphs. Although the codes are qualitatively diéfet, visual clarity was not possible using a gatilie

20 scheme for the higher level categories as welheasndividual subtypes.

22 Where noted, individual participants are referedging the generic name for the site where therixgnt
23  tookplace, along with a number. A letter suffixrisluded with PSU participant data as those erpenis
o4  Were grouped into five sessions.

Sg 4.1 Cumulative Results
% Charts showing the cumulative results from expenisieonducted at PNNL and PSU are shown in Figure 4
29 The top five most frequent events are, group (caiggannotate (text), zoom (single), zoom (mué)pland

group (timeline). These five codes are consistenbdth PNNL and PSU groups, not indicating a défeee
30 petween domain backgrounds in this case.

32  4.1.1Grouping

33 A bias toward the group code is expected considehat participants were provided a stack of rarlgiom
34  sorted artifacts at the beginning of the experimientvever, the type of grouping is of interestftesmost
35 common methods for doing this are by category dtirbgline. The categories users assigned to artifac
36  groups varied widely, from broader categories tikistorical information” to specific categories dik

37  “information about Alex Watersby.”

39  Grouping by timeline was the second most commordatouping method. Since source information and
40 dates were provided on each artifact, it was easgdrticipants to sort through and group itemsigla

a1 timeline. The way the timelines were arranged @wtbrkspace is of interest, as there was no single
dominant strategy for this. Some users arrangetpasesent from top to bottom, others from bottortop,
and some used left-to-right.

We might have expected more participants to grotifaets by hypotheses, considering the task was to
45 develop hypotheses, but this was an infrequentiigdevent in our experimental evidence. Every @pgt
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developed at least three hypotheses, but few dbgg®up item®n the workspacasing hypothesis

membership gge primancriterion. __ - { Deleted: a

4.1.2 Annotation

Annotation was the second most common coded ex@mtthe individual experiment data. Participantsyfr
both PNNL and PSU added text annotations more dfftem graphical annotations, with PSU participants
using graphic annotations slightly more often tR&NNL participants. Text annotations were frequentgd
to record key information about artifacts, to adfbimation to tags, and to identify working hypaths.

Drawn annotations usually took the form of regiansund groups of artifacts, or arrows drawn between
particular items that are related in some ways Worth noting that not all users engaged in ariioot®f one
kind of another, PNNL 7, PSU 2B, and PSU 5B didaimiose to annotate their workspaces.

4.1.3 Zooming

Zoom events were quite common among participanta fsoth groups. Zoom events were coded when a
participant closely inspected an artifact or midtiartifacts that had been placed on the workspdost of
the time participants picked up artifacts and bhaudhgem closer to their face to interrogate theosely. In
general zooming takes place later in the procesgrahesis after artifacts have already been grebopehe

workspace. Participantsnd tolook at one item at a timghich may bedue to the physical limitation - { eleted: favored

associateavith holding, artifacts. The most common multiplenit zoom was to examine two artifacts to "~ { peleted: ing
””””” P N ¥ N

compare their information. \\\\\{ Deleted: over multiple items

AN {Deleted: but this is probably
4.1.4 Other Events B

While grouping, annotation, and zooming are thetrnosimon events that occurred during synthesis [ Deleted: invived

experiments, participants initiated a wide arrapaditional actions to develop hypotheses usingttifacts. ' [ Deteted: a number of

o U JC U

Colored tags were used to indicate categories,thgges, certainty, and other attributes. Thesetgwdith not [ peteted: in your hands
occur as frequently, but frequency alone is noesearily an indicator of importance with respect to

supporting synthesis. Participants also initiaearshes and sorts through artifacts to find refaretio

particular people, and to quickly organize dataedam time or other criteria.

Link events were coded whenever participants stdi@dartifacts were linked to each other and/oenvh
arrows were drawn indicating as much. Most of teetlinks were used to indicate linkages betweecqs
of evidence in a hypothesis.

Finally, some participants collapsed artifact gioop the workspace. Most of the time collapsingieve
occurred with data artifacts that were judged td&ekground or historical information. One anabtsPNNL
chose to begin with collapsed groups organized timeline, and then systematically expand eachmrou
from past-to-present to analyze the information.

4.2 Individual Results

This section focuses on patterns of events thatlaservable by looking at the coded results foividdal
participants. It also presents observations orthanizational methods that participants used mohesize
information.

http://mc.manuscriptcentral.com/tandf/ijgis
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Detailed results for each participant are provisle8upplement C. There each coded result is prederibng
with a graph that summarizes the most frequenttiedevents, a photograph of the final workspace aan
brief text summary of what occurred during the ekpent.

4.2.1 Synthesis Strategies

Participants used several different basic strasefgiecompleting the synthesis task (Figure 5). st
common strategy begins with grouping all of théacts following a brief examination of the artifamne-
by-one. After the workspace has been initially oiged, a deeper look at the artifacts takes piagelving
cycles of zooming one or more items, annotatingiatieem, and regrouping into new categories or
hypotheses. Participants tended to announce hygestsihortly after the initial grouping, and then@amce
new or refined hypotheses during close examinatfartifacts. In this synthesis approach, annataiod
tagging occur after most grouping has been congblete

Another strategy begins with thorough examinatibeaxch artifact, annotation of key information, @hen
collection of artifacts into groups. Figure 5 shdws sets of results that demonstrate this stratgy not
clear in these cases how hypotheses might be datatequences of events during synthesis. Frogovid
evidence, PSU 5A and PNNL 5 could be describedetbadical in terms of how much time they spent
carefully examining and annotating each artifact] they appeared surprised that substantial tirdgphased
by the time all artifacts had been examined.

A third approach focused on a rapid initial sorgosuping of artifacts according to generic atttésu This
was followed by different secondary strategiesvaate information. PNNL 6 began by quickly graupi
artifacts onto a timeline that had collapsed stdckgach day in the dataset. Then, they expandel éay
one by one from past to present to evaluate tloenrdtion in detail. Later, colored and annotategs taere
added to indicate artifacts that were importargddicular hypotheses, but artifacts were keptacg
according to the timeline.

PNNL 7 used a similar approach by quickly sorting stack of artifacts by the basic type of infolioathey
showed (text, graphic, photo, etc...). The objectseveorted while in hand - not grouped on the waaksp
After the rapid sort was complete, PNNL 7 begariuating the text items to create groups by category

4.2.2 Organizational Metaphors

The events initiated by participants provide suttihinsights into the process of synthesis and tianight
be supported with interactive visualization todiss also important to examine the basic orgaionai
metaphors that participants made use of to orgah&einformation. Video recordings of the debirigf
conducted immediately following each experiment phdtographs of the final workspaces inform our
understanding of how participants organized infdroma

In general, participants often chose to groupauotd in multiple ways on their workspace, augmengiome
of them with tags or annotations, rarely in a cstesit manner across all of them. This may be dpainto
the fact that it is not easy with physical artifatd quickly try out several different methods oganization. It
may also indicate that complex analytical probleetgiire multiple views onto information in order to
develop hypotheses.

A prototypical result is shown in Figure 6. Her&UP4B’s workspace has been marked to highlight the

different organizational metaphors that they uséimline has been established across the topeof th
workspace and hypotheses have been arranged fform fght according to where they fit in termstohe.
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At bottom left an emerging hypothesis with spargermation has been gathered, but not includeten t
main timeline. At the center of the workspace & tegort that confirms a flu outbreak has beengadarear
several artifacts that describe recent data abeuspread and impact of avian flu around the wdildally,
along the bottom right of the workspace a numbertifacts have been gathered that provide coraéstnd
historical information.

4.2.3 Geographic Information

While all participants’ hypotheses required atieasne attention to spatial reasoning to decidi the
plausibility, none in the individual experimentgeatpted to draw a map on the workspace to develop a
explicit spatial representation of their informatid\ few chose to taqg artifacts to indicate spatitdrmation,
but for the most part, participants did assign sspanethods for spatial references. Written notethe
workspace and post-it notes that were used to suirerfindings integrated spatial references witheot
information.

5 Design Guidelinesfor Synthesis Support Tools

Analysts currently have little in the way of intetige visual tools to help organize, annotate, mnadte sense
out of collections of evidence. To begin address$ivag need, results from synthesis experiments avidlysts
working on an individual basis are distilled her®idesign guidelines for synthesis support soiwahe
following sections describe interface metaphorsgssary tools and functions, and general systeigrdes
guidelines for supporting individuals as they sysilae geovisual information.

5.1 Synthesis I nterface Metaphors

Experimental results reveal a wide array of orgativnal metaphors that can be used to synthesalgtaal
results. Analytical needs dictate the use of diffitorganizational strategies at different times eikample,
timelines may be useful to orient artifacts in erdieoccurrence, but a node-link organization may b
required later during the same synthesis actigigdvelop a deeper understanding of the socialarktw
involved. Evidence points to organization by catgghypothesis, timeline, hierarchy, report out/inad
node-link methods (Figure 7).

5.1.1 Category

New synthesis support tools should allow usersseimble groups of artifacts according to category
designations. In experiments, participants indatg@ups by collecting artifacts in close proxinty the
workspace, and often chose to draw lines aroundhferts to develop “regions” to separate groupsmfone
another. Synthesis software should detect groufiermf in close proximity to one another and halpra
delineate them with boundary markers.

5.1.2 Hypothesis

Users should be allowed to select a group of atsfand indicate that they are part of one or more
hypotheses. In synthesis experiments, particigaatsed artifacts in close proximity and providedatations
on the workspace or on tags to indicate differgplthesis groups. Synthesis support tools shoufdusers
quickly identify groups of artifacts as pieces dfygothesis, and should reveal linkages betweenthgges
based on time of occurrence, keyword/category aiityl, or other measures.

http://mc.manuscriptcentral.com/tandf/ijgis
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Deleted: 4.2.3 HypothesesT
Participants were asked to develop at
least two hypotheses for the source of
avian flu outbreak in the Pacific
Northwest. Every participant was able t
do so, with one participant (PSU 3B)
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all others developing three or more.
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5.1.3 Timeline

Synthesis support tools should enable users t@adralign artifacts to a timeline. Because marpeerent
participants chose to apply timeline organizatitangnly a portion of their workspace, timeline angaation
should be applicable to subsets of items as desiaghnization by time may be more applicable obgl
terms when considering the problem of keeping tdakultiple collections of artifacts — as partiaigs
described in interviews at PNNL.

5.1.4 Hierarchy

New tools should allow users to develop hierardhocganizations of their information. Hierarchieayrbe
applied to results within a particular projectyel as the projects themselves when they are deresil part
of a knowledge base. Information structured ineadrichy can be denoted by the placement of adifack
tree structure, including headings and sub-headitlisated by annotation on the workspace or onahtey
tags.

5.1.5 Node-Link

Synthesis support tools should support the us@déink organization to evaluate social networks i
collections of artifacts. Synthesis tools shouldwalusers to develop node-link organizations withsets of
information, as no participants in synthesis experits applied this strategy to the entire workspiogle-
link organizations tended to emerge in the la@ges$ of analysis as participants moved throughipfelt
organizations of the information to evaluate anidagrce their hypotheses.

5.1.6 Report Outline

New synthesis support tools should allow usersgamize objects according to report headings atithes
common to their domain. While experimental evidedees not show this type of organization, a report
outline structure was frequently mentioned durimgriviews in a synthesis needs assessment studycieal
in parallel with the experiments reported here (Retn 2009) as an important strategy for organizing

- { Deleted

work, so providing tools to view artifact colleati® from this perspective may support analyticahitec

L ‘[Deleted: also

5.2 Synthesis Support Tools \{to

Deleted: analysts when they are aski

)
)
1

Basic organizational capabilities must be couplét e appropriate set of corresponding toolsuggpert
effective and efficient individual and collaboraisynthesis. The following sections provide guiussifor
tools that group, annotate, zoom, tag, collapsg, 8ort, and search artifacts.

5.2.1 Group

Synthesis software should support the developnfeattifact groups by allowing artifacts to be moved
around the workspace at will, and by providing sghe ability to select multiple artifacts and gash group
tag or region to identify their association. To o multiple types of grouping, tools are requitedielp
users create additional views of individual or riplét groups to reflect multiple perspectives, sastiime,
category, or hypothesis.

5.2.2 Annotate

New synthesis support tools should allow usersitmtate workspaces and artifacts at will. Annotetim
both textual and graphical formats should be supporas experiment participants frequently mixegbtber
both types. Pen and/or touch enabled interfaceprareising avenues for supporting easy annotation i

http://mc.manuscriptcentral.com/tandf/ijgis



©CoO~NOUTA,WNPE

International Journal of Geographical Information Science Page 10 of 21

synthesis toolkits. Sketch maps, timelines, anéroginaphics appeared in several synthesis experimeults
— things that are impractical for users to creatgofftware without using a stylus.

5.2.3 Zoom

Synthesis support tools should provide zooming legipafor users to closely examine one or multifiems
at a time. Experiment evidence shows that usegsiéngtly wanted to examine artifacts in a particglaup
when they attempted to examine multiple artifa¢® #me. Zooming tools should support this kind of
“regional” zooming as well as individual artifaciaming.

5.2.4 Tag

It is important for new synthesis support toolet@ble artifact tagging to indicate keywords, ticeztainty,
membership in a hypothesis, and other informatixperimental evidence suggests that tagging happens
individual artifacts as well as groups of artifacts tagging tools should be agnostic to eithege.céags
should be implemented in a way that allows theetanoved around the workspace to indicate rankings
to adapt to evolving methods of artifact organizati

5.2.5 Collapse and Expand

New synthesis support tools should provide usetts tlie ability to minimize groups of artifacts irgtacks.
Stacks should be expandable on-the-fly as usemnra groups that they may have minimized to thy
workspace or to indicate that they had examinedetaotifacts. Users should be able to use imaags, or
other conspicuous means to identify their stacks.

5.2.6 Link

Users should be able to indicate linkages betwe#acis and artifact groups using line and arrgapiics in
future synthesis support tools. Links may be usdddicate any kind of association between artifact
including time, social connections, and hypothessnbership. Users should be able to annotate tinks
indicate these types of relationships as theyisee f

5.2.7 Sort

Synthesis support tools should allow users to dyistrt collections of artifacts by time, artifagpe,
category, or other attributes as needed. Sortingldibe applicable globally as well as locally pesific
groups of artifacts.

5.2.8 Search

Users of synthesis support tools should be aldgi¢oy artifacts to identify matches to keywordggegaries,
temporal references, and other attributes. Seasalits should simply identify and highlight matclaesl
allow users to regroup artifacts as they see fit.

5.3 General Desi gn Guidelines . { Deleted: Experiments ]
Results from) experiments and interviefRobinson 2009) reveal several overarching desiggiedines that -~ {Ddeted: First, it is important that new}

77777777777777777777777777777777777777777777777777777777777777777 synthesis tools provide flexible

contextualize the development of new synthesis aippolssuch as those highlighted in Section 2 )
Flexibility, support for mixed metaphors, and tofmisnanage contextual information are three keyoaef®ci ,-

Deleted: tools and interfaces to suppoft

~r f1 it 1re evnthacie taAle e e re individuals’ diverse approaches to
for future synthesis t00|§- 77777777777777777777777777777777777777777777777777777777 - synthesis. Second, synthesis tools need to
allow for mixtures of organizational
5.3.1 Flexi biIity metaphors. Finally, synthesis tools shouild
" . . . . . rovide users with methods to manage
As demonstrated by the creative use of analog foalgnthesis experimengs, synthesipport tools will Eollectio_ns of background or contextu
need to allow users to draw from a palette of comtools and organizational metaphors that are dedig ~~. | information.
‘[ Deleted: Synthesis ]
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with flexibility and creativity in mind. The goahsuld be to create synthesis interfaces that atitrof the
flexibility of real materials — yet enable advanchgital capabilities to quickly search, sort, doapte, and
reconfigure the workspace.

5.3.2 Mixed Metaphors

advantage that software synthesis tools could geoever real materials as evaluated in this stedlyat
software tools should be able to easily supportthation of multiple workspaces with the samerimi@tion.
This would allow users to develop multiple syntizesli collections, perhaps to systematically evaluate
information from various perspectives.

5.3.4 Managing Contextual Information
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designated as background, contextual, or unknofanrivation. The shoebox (Pirolli and Card 2005)
metaphor can be employed here as a dedicatedpoftibe interface reserved for storing artifabist tare

synthesis experiments

6 Conclusions

Our research provides an initial examination ot pathe geovisualization research process thauhtbk
now had little attention. The results of our expwmts show that synthesis conducted in the indatidealm
is an intricate and varied activité.realistic geographic problem was used in thegiesi the experiment
materials, including artifacts that feature a \grigf spatial references, and a range of hypothésgsach

and creativity.

Problem domains that we wish to support with gamligation tools will require dedicated tools tdghasers
synthesize collections of analytical results intsamingful information for decision makers. Thise@sh
provides a set of software design guidelines basegkperimental evidence gathered from analysts and
experts. These guidelines can be employed imméyliatshape new synthesis support tools intended fo
individual use. Our work also provides an experitabmethodology for studying synthesis that camded
for additional research.

Implementing synthesis tools using the guidelinesg@nted here will provide the opportunity to cartdu
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through which analysts tackle these problems (Ao et al. 2007; Thomas and Cook 2005). However,
such tools are only beneficial if they are coupiétth equally sophisticated means for collectingyamizing,
and adding meaning to the results they generateinguroved understanding of synthesis and the éutur
research it suggests can help meet the challerugesi by a future world certain to be full of divedatasets
and daunting analytical problems.
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Figure Captions

Figure 1. The geovisualization research processm@seived by DiBiase (1990).
Figure 2. Analytical artifacts developed for syrdiseexperiments
Figure 3. Legend for use with coded experimentltegu Figures 4-5

Figure 4. Cumulative charts showing total numberaafed events for both experimental grodgee top five
event types for each group are labeled.

Figure 5. Three key synthesis strategies foundjreement resultare shown here on timelines. Each
timeline corresponds to an individual experiment aolored glyphs can be interpreted using theneadge

Figure3, __ - { Deleted: .

Figure 6. Workspace of PSU 4B, showing multipleamiigational methods.

Figure 7. Synthesis organizational metaphors gathfsEom experiment evidence.
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Analytical artifacts developed for synthesis experiments.
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Cumulative charts showing total number of coded events for both experimental groups. The top five
event types for each group are labeled.
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43 timeline corresponds to an individual experiment, and colored glyphs can be interpreted using the
44 legend in Figure 3.
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Workspace of PSU 4B, showing multiple organizational methods.
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