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Abstract—This paper presents scented widgets, graphical user interface controls enhanced with embedded visualizations that
facilitate navigation in information spaces. We describe design guidelines for adding visual cues to common user interface
widgets such as radio buttons, sliders, and combo boxes and contribute a general software framework for applying scented
widgets within applications with minimal modifications to existing source code. We provide a number of example applications and
describe a controlled experiment which finds that users exploring unfamiliar data make up to twice as many unique discoveries
using widgets imbued with social navigation data. However, these differences equalize as familiarity with the data increases.

Index Terms—Information visualization, user interface toolkits, information foraging, social navigation, social data analysis.

+

1 INTRODUCTION s
() Option A

The success of an interactive visualization depends not only on oopiong  Visualscent — g 1 | |y

. . : 1Ot © ption B (1 [ 8 8 [ —
visual encodingshut also on themechanisms for navigating the -
visualized information spaceThese navigationalmechanismscan
take many forms, including panning and zooming, text queaiss,
dynamic query widgets. However, effective navigatiaties on ) S ) ) )
more than input Ehniques aloneappropriate visual navigation cues Figure 1. Widgets with visual information scent cues. Left: Radio
can aid users by guiding and refining their exploration. buttons with comment counts. Right: Histogram slider with data totals.

Both psychological and sociological considerations = sugg&gcial data analysisy enabling social navigation within ttamalytic
approachesfor improving navi gati on cues. gfiloAnRit lofl the diduidlizatién? duftBcRice scentedwidgets
information foraging theorf17] models the cost structure of humansnnanced user interface widgstith embedded visualizations that
information gathering analogously to that of animals foraging fQfiovide information scent cues for navigating information spaces
food. One result of th_|$he0ry is theconceptof information sceri @ (see Figure 1 for examplesyVe proposedesign guielines for
usero6s A(imperfect) percepti ogyging bmpddlel visHalzhtiBrie to cdmméntuser iRerfacé orftr6isS S
informaticn sourcesobtainedf r om pr o x i manproviogl es§ch as lradlid Buttons, sliders, and combo hoésthen presera
information scent through better proximal cuelwers the cost jayabased toolkilevel software framework, developadcordingo
structure of |nfc_erat|on forgglngnd improves information access  ipege guidelines, that allows scented widdetdbe added taiser

While effective information scent cues may be based upon fgarfacesand bound to backing data sourcesis framework allows
underlying information content (e.g., when the text in a webjsyal navigation aids to be added to existing applications with
hyperlink describes the content c_)f the linked document, it Serves axidimal modifications to application source codfée also provide
scent), others may involve various forms of metadata, includipgsyits froman initial evaluation 6 scented widgets in a social data
usage patterns. In the physical world, we often navigate in respogggjysis applicatianThe results showhat using scented widgets to
to the activity of others. When a crowd forms we may join in to Segqyide social navigationues helpusers make up to twice as many
what the source of interest is. Alternatively, we may intentional hique discoveries_in unfamiliar dataselsit that these benefits

avoid crowds or welivor n t horoughf ar es, eqhafizlds DsBmechnie bre fAmflidt With theiaS
travel |l edo tkoowruptaces of mteresth ihes corgext

of information spaces, sudocial navigatiorcan direct our attention 2
to hot spots of interest or to unekxplored regions.

Our current interest imisual navigation cues is motivated by ourNumerous navigation mechanisms have been proposed to improve
experience building and deploying asynchronous abellative humaninformation interaction. In such interfaces, users may
visualization systems, in which groups of users perform visual d&vigate along bothpatialandsemantiadata dimensions. Examples
analysis by authoring comments and annotatiawishin the of spatialnavigaton include mapsand virtual worlds; examples of
visualizations[12, 20]. Usage studies of the sense.us collaboratigemantic navigation include web hyperlinks and dynamic query
visualization system [12show that users fluidlyswitch between filters [1]. Navigation cues may be derived from the information
datacentric analysis and social navigation. After exhausting a line e#ntent being explored (e.g., data distribution or landmarks) or from
inquiry, participants mine listings of comments left by other users metadata, wch as accumulated usage patterns. This last scenario is
find new views of potential interest and to understand which are&s example obocial navigation[9], in which aggregated activity
have been exploredHowever, wihout explicit social navigation patt erns are presented to promot.
cues, users musbntinuouslyswitch between the visualization aad Wwithin the information spaceAll such navigation cues provide
separatdist of comments proximal informationthat hels users stay oriented and gauge the

In this paper we showhat social activitycuescanimprovesuch relevance of distal information content.

One class of navigation aids seeks to facilitate browsing in
o Wesley Willdt Jeffey Heer, and Maneesh Agrawala anith the geometric spaces, such as zoomable 2D canvases. Overview displays
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other datadrivenvariants [10] facilitate navigation to data regions oflata source usually depends on the specifics of the application,
interest by summarizing the data distribution queriedhwyslider. seveal kinds of data and metadata can be useful aids for navigation.
On web pageshyperlink textusually offers navigation cues aboutOne approach is to derive metrics directly from the information
the content of the link targefhis is the reason th&tuman web content. For example, a simple metric for interactive visualization is
surfers and modern web search indicglg on link text Olston and the number of visible data elements in each applicatate. This
Chi 6s Scent Tffadlitatesseachyand beosing pf véb] metric provides a sense of the density of data across the information
sites by scoring documents responseto a text query and then space. More complicated metrics can be computed from the data
enlarging hyperlink text to indicate pathdo highly ranked itself, and may involve input from the user. Users might type in
documents. ScentTrailsutperforms both searching and browsingjueries, as in ScentTrails [16], and be giveensing cues that
alonein informationseeking tasks. indicate relevance scores. Alternatively, advanced users might use an
Another strategyis to provide information scent cues based oexpression language to enter in their own calculations over a
metadata. For example, social navigation is often based wsualized data set.
displaying aggregated activity patterns. Blogs and discussion forum&ocial activity metrics are another potential data source, providing
regularlyinclude the numbeof posted comments in the linkxt of cues for sociahavigation. Interactive visualization applications such
hyperlinks to disussions, while the del.icio.us social bookmarkings sense.us [12] capture a number of social activity metrics that are
serviceencodeghe number of users who share a web bookrrark typically invisible to users, but which could serve as valuable
gradated red backgrounds for link tebill et al [14] explore the use navigation cues. For example, displaying the number of visits to a
of social navigation cues in a document editor, placing usagew, comments on a view, or edits of a view, could guide users
histogams within the scroll bar to indicate the prevalence of readibgwvards the relevant or most interesting views. Similarly, indicating
and editing activity throughout the docume8tmilarly, Bjérk and the author of a comment or an edit could help users navigate to
Redstrom [5]use color marks to indicate edits and search resultsseful views. Temporal data regarding changes in any lodse
along all edges of document framdg. the domain of collaorative measurege.g.recency or frequency informatipare also candidates
visualization, Wattenberg and Kriss [20] graiyt visited regions of a for display as is locatiorbased metadat@ur approach is premised
vi suali zati onsotcd apr onvaivd eg afi a o toridthe wotioa that surtacing thesensaftaetivity metricsfacilitates
analysis of unexplored regions. navigation
Our work generalizes techniques such as histogram sliders and
Hi | | 6s ediewedr, peovidihg design considerations and 32  Navigation and the Display of Visual Scent
toolkit-level framework for embedding navigation cues in a varie§§cent cues are specifically designed to aid navigation. Therefore
of interface widgetsWe contribute a general framework providingscent cues should only bpglied tointerfaceelements thaprovide a
both data and metadatdriven visual cues for navigating semantiGyay tonavigae (i.e. change views)ithin theapplication Moreover,
dimensons in an information space. widgets that represent a singlevigation choice such ashuttons
Though not focused on navigation cues, a few additional projegioulddisplay only one scent value, while widgstsch ascombo
share commonalities with scented widgeB.a udi s ch peés and IsiRiés that offer multiple navigation choisésuld

Phosphor [3] design provides reahe collaboration cues by usinginclude scent cues corresponding to each potential choice.
afterglow effects to highlight widgeisageH i | | and Gutwinds Mul ti

User Awareness Ul [13] provides toolkivel widget support for 3.3  Visual Encodings

_synchronous collaboration, such that users can see +t|rrmWh|ch_ Scented widgetembed a visualization of information scent metrics

fRhin a standard interface widget such as a slider, button, or combo
box. Standard widgets are usually designed to fit within a small
gl‘.’ﬁéeﬁspace and a goal of our scented widgets designs is to add
information to these widgets without adversely impacting user
interface design.

3 DeSIGN CONSIDERATIONS We begin by considering a basic language of visual encodings for

In designing a framework for encoding scent within widgets w#ata. These include visuabriablessuch as position, size, angle,
consider (1) the types ofinformation metricsthat can serve as color, and shappt, 6, 13. As noted by Cleviand[7] and Mackinlay
navigation cues inscentedwidgets (2) the matching of these [15], some encodings are more suitable than others for displaying
encodings with the navigation models of the set of standard widgétéferent types of information. For example, position encodings are
(3) the kinds of visual encodings used to convey this, dah (4) the More accurate than length encodings for quantitative data, which in

modification of the standard widigeto accommodate scenting. turn are more accurate than aencodingsFor nominal data, color
encodings are better than position.

frameworkalsoprovides aoolkit-level augmented widget suite, but
one targeted at visual navigation cues rather than synchron
activity awareness

3.1 Information Scent Metrics

The first step in providing navigation cues is selecting the data
source from which the cues will be derived. While the appropriate
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Figure 2. Examples of several scent encodings. From left to right: 1. A slider with visit totals encoded as a bar chart with recency encoded as
opacity. 2. Checkboxes with star rankings encoded using icons and rank values displayed as text. 3. A list box with dataset sizes encoded using
opacity and a visited/not visited value encoded using an icon. 4. A tree with author categories encoded using hue and edit totals encoded as text.



~ We can leverage these encodings in two distinct ways to cor Table 1. Scent encodings supported by scented widgets
information on or within a widget. One approach igli@ctly alter

theattributes of the widgets that correspon@tgiven encoding=or ~ Name Description Example
exampl e, a ctuld be basedos the nurhberrof times tl

application state it leads to has been mantpdidy users. Because |, . Varies the hue of the widget (or of a : ;
widget sizes, shapes, and layouts are typically fixed, only a few visualization embedded in it) Option B |
the visual variables (hueataration, lightness, and texture) can t
_applieq directly_to the Widge_ts Witho_ut disrupting the Ie}yout a _ Varies the saturation of the widget Option & =
impeding usabilityHowever, visual variables such as position an Saturation ¢ g alization embedded in it) Option B =
length are typically more effective falisplayingquantitative data. x
Thereforeas a second option, smalsualizationsthat support these -
encodingscan be embedded into the widgets. Examples include  gpacity Varies the saturation of the widget ) =
charts over a slider (e.g., Figure 1, [8]) and small, veizdd line (or of a visualization embedded init) | Option B -
charts (similar td u f wsparklises19]) integrated with vdget text.

Option g |~
3.4  Modifying Widgets Text i?gsiréi into f’rfemvé’iLZZ?" altex OEtinn_El =
Based orthese observations, weaveselected seven different scer =
encoding to support within ourframework. Direct encodings . : Option 4 |~
include thehue, saturation, and lightness properties of the wid¢ 'con lﬂzevrvﬁf,g;‘f or more small icons into ’»E OEtinn_El =]
We also includedur types & embeddedvisualizations: inset text, i
shapel/icon, bar chart, and line chart. The examples in Figure 2 ¢ 2 Option A |~
several of these encodings applied to standard Swing widgets, vV ar chart  'nSerts one or more small bar chart H T =
Table 1 describes each supported encoding Weeavoid encoding visualizations into the widget . Option B |5
scentontawi dget 6 s e xi aslabeHogmatting is dfter -
mOdIerd by the app|icati0nt0 COnVey h|ghl|ght|ng, Selection, Line Chart Inserts one or more small line chart MODTIDH& ;
keyboard shortcut combinations and other information. visualizations into the widget e Dption B[

3.5 Design Guidelines and Feature Requirements
Through inspection of the design spaof widgetsand study of
related work [15, 18], whave developed setof guidelines forthe
design ofscented widgets

Scentedwidgets should be grouped, sized, aligned, and oriented
similarly in order to provide common axes on which to compare
scent.Rationale: Without common axes it is difficult to accurately

Scent Encoding Guidelines compare markacross scented widgets, even if they show the same
Modes of scenting should be chosen that maximize comparabifil’i?eOf data.
and consistency across the interface. Mmpexifically: Composition Guidelines

All widgets visualizingthe same scent datshould use matching The overall number and type of scented widgets in a given interface
visual encodingsRationale: Encoding the same data differentlghould be small enough to allow easy comparison and visual
acrosswidgetscomplicates visual comparison. tracking of changesRationale: The inclusion of too many scented
widgets (and thus too manyestt indicators) is likely to pollute the

Modes of encodinghouldreinforce semantic relationshipbetween view, increasing cognitive load and making use more difficult.

the widget scent and encodings in the applicationRationale:
Conflict between thecent and the other parts of the applicatidh  Widgets should include identifiers (icons, tooltips, text, or a legend)
lessen the effectiveness of bobfor example, avoid encoding scenthat indicate what the scent cues correspondRetionale: It may be
using color if the apptiation already uses color to display unrelatedifficult for newusers to discern what the cues indicate.

information. Many of these guidelines aegldessed by our implementatiowe

Visualizations showing the same scent datsould be scaled deal with concerns about creagdget consistencyby grouping
identically (e.g. linearly, logarithmically, etc.pcross all widgets. similarly-scented widgetand encoding theraccording to a shared
Rationale: Scaling the santgpe of data differentlyacrosswidgets configuration.While the distribution and layout of widgets in a user
undermines accurate visual comparison interface is clearly within the purview of developers, sizing,

. L . alignment and scaling can be fixed consistently across these groups.
Modes of encoding shoulespectexisting interface conventions 9 9 y group

Rationale: User interface conventions tend to be well established
accepted by userso scenting cues shHdunot conflict with them.
For example, a scent encoding should not repurpose text or icbising the preceding design analysis as a guidescented widgets
commonly used elsewhere in the interface to encode unrelated dafeamework provides toolkitevel support with which developers can

uickly add visual scent cues to existing applications without writing
Aibstantial amount of new codéne framework is implemented

using Java Swing and takes advantagé¢hefp | at f or més P
Look and Feel functionalitywhich allows the appearance of a wide

%ge of standard interface widgets to be changed at ruritirtigs

section we discuss the design decisions made in our implementation,
Layout Guidelines with the goal of providig guidance for developers building their

n scented widget systems.

2nd
IMPLEMENTATION

Encodings which make some elements markedly more salient tg
others, such as opacity, should deed with discretiorRationale: If

a widget is moresalientthan those around it, it is more likely be
used for navigation than its neighbors. Depending on the applicati
such enhancement may or may not be a desirable result.

. . .. 0

Interfaces should be laid out so that scented widgets are sufﬂment\@
proximal to allow comparisons between thd®ationale: Proximity 41  Rendering and Interaction
aidsjudgmentsof positionbasedencodingsandvisual scent isnost

easily compared whegraphic marksre adjacent. When implementing scented widgets, rendering and interacting with

individual widgets is a primary concern. Ideally, the components for
rendering visual scent es should be implemented in a modular



fashion, such that application developers can reuse them actbss monitors all widgets that should be updated in response to one
disparate widget types. In addition, the widgets should retainamother. Upon creation, developers associate a widget group with a
familiar look and feel. visual specification and a backing data source. Whevidget is

A number of implementation paths are possible. One mightlded to the group, our framework automatically configures the
implement custom widgets from scratch, but this approach involvesi d g e t to use the groupds specifi
re-implementing basic rendering and interaction mechanisms angs. The widget group then analyzes the widget to determine the set
could result in an unfamiliar look and feel. Another strategy is tf potential values it can take. For exampleyuston can only be
subclass existing widgets, overriding rendering and input handlipgessed, while a slider can take any number of values. The
techniques as needed. This approach is more efficient, requiring dndynework uses this set of potential values to determine the possible
targeted changes to widget behavior, but can still prove problematipplication states reachable at any given time. Next, the widget
For example, restrictive access permission to members of the widgeup adds listeners to the widget, allogiiupdates to both the
parent class may make it difficult to accesgpaf the widget state. wi dget 6 s sel ection state and unde
Furthermore, both approaches require that developers explicitly bgehe framework.
custom widget types in applications. Refitting an existing
application to use scented widgets then requires updating evéy  Data Management

widget definition in the application To track the current state of the application, every widget group

To avoid these |imitations, McRlels$tat€as & 8l 8f hdmeallié palsdicr Rdcte widg& tkthea nd  F
layer to create a custom collection of scented widgets that cangasup. When a widget value is changed (e.g. moving a slider,
installed without changi ng e xdlesthd arfidio button, @.) e Widgé? upd@it&stits stefle parWh n g O
default fiMetal 6 Look andutskfahel soreiclsesatthhghd the valud f a wiletednaffett thé \day Gher
Swing widgets to accommodate the embedded scent visualizatig@gigets in the application work. Thus, every time a widdetnges
Scented widgets also intercept user interface events as needed @de, the widget group requests new scent data for all the other
allowing a mouse hover over an embedded visualization to triggeiigets in the group to update their scent values.
custom tooltip for that graphic). Finally,enprovide configurable  To populate scented widgets with data, developers must
renderers that are responsible for drawing the embeddgthlement thedata sourceinterface, which providescent datan
visualizations. We use theseent rendereobjects across the full respone to queries. Scent queries consist of the current state, the
widget set, promoting code reuse and ensuring consistent seg&lial specification, and a reference to the widget being updated.
appearance in each widget type. Table 1 ilatss the encodings Scent data, which may be numbers, strings, or arbitrary Java objects,
currently supported by our renderer. are returned as sets of arrays for each variable deifinée visual
. . . specification. These arrays contain scent values for each state
4.2 Scent Configuration and Widget Groups reachable using the widget under consideration. For quantitative and
To map a backing data set onto visual scent cues, developers rardinal data, scent data objects can also provide a range over which
provide avisual specificationFor a group of related widgets, thethe data will be scaled before renderi®galing may be linear or
visual specification indidas which data values to visualize and hodogarithmic, as configured in the visual specification.
to visualize them. Visual specifications define the names and dat&iven the vast number of potential scent metrics, we expect that
types of the variables to display in each scented widget and provitdeelopers will build their own data source implementations that
specific details about how the scent should be displaydthndle scent query requests in a dorsgectific manner. However,
Specifications alsmaintain default values for encodings that are natur framework provides some tools that can help developers create
determined by a variable. For example, a developer encodingustom data sources. For example, a caching layer caches query
variable as a bar chart might specify default hue, saturation, results and supports customizable replacement policies. Additionally,
lightness values for the bars or add custom legend text or graphican SQL database helper aids depefrs in writing the code

In many cases, multiple widgets will show data from the samaecessary to retrieve scent data from relational databases. The helper
source, and the visualizations should be consistent across this grpupvides support for translating state objects and visual specification
Moreover, manipulation of a widget can alter the application stateriables into SQL statements. A series of callbacks allow
and require updates to the scenting of all related widgets. Qiavelopers to customize thmapping between specified variable
framework models these dependencies Wwidget groupabstraction names and database column names and to generate custom database

. Option A Blal.n.n sl _Rnaal FOptionA
. i Option B : {2 I gOption B
Option C  Option C

Figure 3. Widgets from the usage example, before and after scenting.

01 //Create the VisualSpecification and define the scent encoding

02 VisualSpecification myVspec = new VisualSpecification();

03 myVspec.addVariable( "numVisits" , ScentConstants. QUANTITATIVE, ScentConstants. BARCHARTSwingConstants. VERTICAL);
04

05 // Get a ScentRegistry reference

06 ScentRegistry sr = ScentRegistry.getinstance();

07

08 //ICreate a WidgetGroup using the VisualS pecification and a data source

09 // defined by the developer which implements DataSource

10  sr.initWidgetGroup( "myWidgetGroup" , myVspec, new CachedDataSource( new VisitDataSource()));
11

12 //Create and register widgets, providing a name for the widget and

13 /I the name of the WidgetGroup to which it should belong

14  JSlider myJSlider = new JSlider(1,20);

15  JList myJList = new JList( new Object[] { "Option A" , "OptionB" , "OptionC" });

16  sr.register( "myWidgetGroup” , “sliderValue" , myJSlider);

17  sr.register( "myWidgetGroup" , "listValue" , myJList);

Figure 4. Sample code for the usage example of the Scented Widgets framework.



| HomeFinder A= 2 Collaborative Text Editor LEE
Fort Golden Gate. ) File Edit Format Help
Qo Nat'l Recreation Area Area:
X E== 8 =[mxrsmT: Document: ScentedWidgets.txt Authors
[l cole valley /ashbury hts visualizations are the most attractive option if encodings other than these three are desired. Specifically, this approach =] |~ westey
sed I downtown { civic /van ness = allovws us to utilize more quantitatively effective visual variables ik position and langth that we might not be able to vary
Il emeryville 3 I ina dircct fashion, and thercby maintain consistent and coherent application layouts. Moreover, the addition of small ]| " e
f I excelsior | outer mission aflows for better across different widget types. Even though different widgets differ
& Mlifinancial district | dramatically in size and dimensions and might not afford accurate comparisons of encodings mapped to their attributes, ST
L i o - P82 I glen park ad embedded visualizations can be scaled firly consistently across all of them ==
Universi el San Francisco - #g P . o Monthly Rent: -
IR {& & . > $2750 __ Floraine
>y, 521 || < 52750 3.3 Navigation and the Display of Visual Scent e
|| < 52250 Shareena
| < $1750 | S |
|| < $1250 As scent cues are relevant specifically to navigation, encodings must be applied to elements that correspond to navigation
$750 choices within the interface. This means that widgets that represent a single navigation choice (fike buttons) should =
X display only one scent value, whils widgets liks combo boxes and sliders that offer multiple navigation cheices should
Bg"”“‘s' include scent cues on the elements corresponding to each patential choice.
Studio
[ 1 Bedroom
[ Bea p—
- pedooms SibodityingWidgers
S [ 4+ Bedrooms
E For a given widget type, several portions of the widget provide candidate regions for placing or encoding cues. These
include the foreground or background regions adjacent to or within the area corresponding to a selection. This can be the
entire widget (=.g . an entire button) ora slice of one (e.g.. one cell of a fist or one tick on a stider). The text or icon H
S labels on ths widget also prasent possible locations, as are areas adjacent to the widget We find that, generally, encoding
& ‘within the widget itself makes the most sense when directly varying an existing attribute of the widget (namely color) to (|
Figure 5. HomeFinder with histogram widgets. A scatter plot and Figure 6. Collaborative text editor. A scented list widget identifies
scented query widgets show available apartments from craigslist.org. authors by color and displays a chart of editing activity over time.
keys from widget values. The helper then handles all data transfegvided bya customdata sourcethat summarizes data irthe
packaging the results of database queries into scent datainstances.n der | yi ng pr ef us e visdahdpexificatianbas e . T
created with just one variable, the number of available émuand
4.4  Usage Example was configured to udmearly-scaled bar charts

The entedwidgets API design is intended to allow developers to . . . . .
incorporate information scent cues into the widgets in their existing? ~ Collaborative Authoring with Activity Indicators
applications without substantial code revision. In the example giv€he next application is a collaborative text editor, in which multiple
in Figures 3 and 4we demonstrate how our framework ¢snused authors access a document to simultaneously edit it. An example of
to provide scenting on a pair of interface widgets. our prototype is shown in Figure 6. Each author is assigned aeuniq
First we create a/isualSpecification and assigna scenting color to identify the text segments they have edited. A scented list
variable to it(lines 23). The system uses thssigned variableame widget shows all authors who have viewed the document and a line
to query the DataSource . The QUANTITATIVE and BARCHART chart of authorsé daily edits. T
argumentsspecify the data type of the variableand the visual to assess both textual editing patterns and thmpaeal activity of
encoding Since we do not provide any othewnfiguration details editors. To implement the prototype, we built a custom data source
the system relies on default settings for the other parameters. In thiiich models editing activity over time. A listener registered with
casethe system scaddghe quantitative scent values it re@svfrom the text editor aggregates editing events and posts them to a server.
theDataSource and encodethem using a defauttolor scheme. The visual specification inclugetwo visual variables, one for hue
Next we access the globacentRegistry  (line 6) to create a and one for the line chart.
WidgetGroup (line 10). The widgets in this group will be scented
using theencodings given in owrisualSpecification ,withdata 5.3  Social Data Analysis with Social Navigation
values drawn from a VisitDataSource object The The third applicatin uses sentedwidgets to add social navigation
VisitDataSource  is a custom database wrapper that implementgies for collabotive data analysis. Figure $hows an interactive
the DataSource interfaceto provide visit data about each of thesiacked areghart of the United States labor force from 12800,
widget states. Finallywe createa standard Java Swing slider and lisbroken down by occupation and gender. This is a reimplementation
box (lines 1415) and, usinga single line ofcode for each one, we of a visualization usedh the sense.us collaborative visualization
registerthemwith thewidgetGroup  (lines 1617). Thusthe system environment [12]. Dynamic query widgets on the left allow users to
will query scent data from th@ataSource and supply it to the navigate to specificarupations and toggle normalizatiohthe data
widgets, whichin turn will render themselveasing the scent (j.e., view relative percentages dotal worker count). As users
enabled custom LookndFeel. Thesystem refreshes thseent cues explore the datathe system recordtheir visitation patterns tan
on each member of a widget group whenever a change is madgx@rnal database. Scenteddgets then visualize hese visitation

another member. patterns, indicatingoth highly visited and neglectedews
We implementedhis applicaibn using the prefuse visualization
5 APPLICATIONS toolkit, which providesthe animated stacked area chart visualization.

Qur SQL data source helper was usedafwess a database of

élsitation patterns maintained by the application. Thisual
pecificationinvolves a single variablethe number of visits to each

viewd and specifies a bar ctiancoding for the data. We used log

5.1  HomeFinder with Histogram Sliders scaling because thevisitation data exhited a power law

) S . . . distribution. We have also built a variant of this application that

The first appllcatlon Isa "E‘?p'eme”.ta“on of the HomeFlnder [21), shows the number of comments made on each view.

a geographic scatter plot visualization of available housing that uses

dynamic query widgts to filter the view. Figure Shows our version 6 EVALUATION
of the application visualizing San Francisco apartment listinggpiie prior work has explored various forms of detiven scent
automatically harvested froncraigslist.org RSS feeds Scented o [2, 5, 8, 10, 16, 22], less research fterhas focused on
%5a¢isualizing social navigation cues [14, 20]. Therefore, we conducted
le of & dadri t metricTh f toolkit 110 92%ontrolled experiment in which we asked subjects to perform
example of a datdriven scent metricThe prefuse toolkit [10] was j¢ormation foraging tasks using the social data analysis application
usedto provice the scatter ploand generate the query widgetsjy Figre 7. We hypothesized thathiects would be more likely to
which were then registered as scented widgBtentdata was st highly visited views using scented widgets, would make more

As a preliminary evaluation of our framework, we have built thr
prototype applications that densirate diverse use cases for addin
visual scent cues to traditional widgets.
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Figure 7.Social data analysis application with social navigation scent cues. A stacked time-series visualization shows the U.S. labor force,
broken down by gender, from 1850-2000. The current view shows the percentage of the labor force that worked as Bartenders, with a sharp drop
during Prohibition. Scented Widgets are used in the dynamic query widgets to show visitation rates in all views reachable from the current view.

unigue discoveries using scented widgets, and would expressimailar visualization to freely explore the dat@ur seed data
preference for scented widgets over traditional widgets. The stumhnsistedof a total of 1096 visits and 172 commenmtistributed
included twentyeight parteipants(12 female, 16 majeall of whom across 154 viewsBoth visits R = 0.96) and commeés (RZ = 0.90)
were either graduate or undergraduate students, and were recr@tgdbited a power law distribution, and so we scaled them
through campus mailing lists. Participant ages ranged from 19 tol88arithmically for display in the scented widgets.

(M =25.3,SD=3.8. The study employed a 3 (Task) x 3 (Scent) betwsmdijects
] ) design. Task and scent pairings and presentation order were eounter
6.1  Experiment Design balanced using a Latin Square. All tests were carried out in a

We asked subjectso find evidence eiter for or against specific laboratory environment using standard desktop PCs connected to a
hypotheses in a collaborative visualization of the United States la¥étb server hosting the visualization and usage data. After
force. We gave thenan introductory tutorial to the system, and thefompleting the tasks, subjects filled out a survey that asked them to
askedthemto complete three task&or each taskwe presented rate the scenting conditions on perceived utility and user experience.

subjects with one of thiaree following task hypotheses .
6.2 Results: Revisitation

T Techrelogy ot by kg pins et e gt s i gt ol e

; : ' . - ' e likelihood thatuserswould visit views that others hadvisited
stereotypically male jobs remain aimost entirely male. ., previously To test this hypdtesis, we created three vectors, each
T3: The number and variety obhs directly related to the nation's,o esenting the number of visits to each view in each scenting
food supply has diminished greatly since the 1800s. condition. We removed the starting overview from consideration,
For each taskwe gavesubjects15 minutes to explore the data sePecauseusers saw this view regardless of scenting condition. We
and collect evidence relevant tbet task hypothesis. The task then compared these \aion vectors to the visitation vector for the
hypotheses were intended tie of similar depth and diversityve underlying activity measure used to seed the scented widgets. Using
instructed subjects to make at least seven observations that provld@&ia r s 0 n énsomentrstatibtic,ovound correlations off (493)
evidence either for or against the current task hypothesis. At leadd-200 forvisit scent r(493) = 0.217 focomment scenandr(493)
two of the observations had to be unique findings on views not ye®.181 forno scen{p < 0.01 in all cases). These results suggest that

commented upn. Subjects were asked to note their observations ¥§ers in thevisit andcomment scertonditions were more likely to
leaving new comments on the corresponding views. visit the same views that were visited in the seed data than users in

For each taskwe presentecubjectswith one of three scenting theno scentondition. However, we notiat the correlations are not
conditions. The conditions consistedraf scentin which we used Very strong. We believe that the semantics of the tasks also affect
standad dynamic query widgetsomment scenin which bar charts Visitation patterns and likely had an effect on these correlations.
indicated the number of comments made on a view,vaitdscent . . .
in which bar charts indicated the numbepdbr visits to a view. To 6-3  Results: Unique Discoveries
populate the interface with scent, we collected anonymimtidity Next, we analyzed the data to check if scented widgets helg us
metrics from a study of the sense.us system [12] and supplememt&de unique discoveries. Our hypotheses were that scented
them with a small amount of manual seeding to balance the metdosditions would have a higher occurrence of unique discoveries and
across conditions. Subjects in the previous sense.us study usédabperformance would improve over subsequent trials, regardless of
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Figure 8. Experiment Results. Left: Mean unique discoveries for all tasks and just tasks T1 and T2. Right: Mean unique discoveries for tasks
T1 and T2, divided into blocks by order of presentation. The differences in the first block are statistically significant.

the scenting condition, due to learning effects. To campumetric Table 2: User Survey Results. All ratings are on a 5 point scale.
of unique findings we first collected all comments on visualizatic Visits Comments No Scent
states that previously had no comments. We manually walk ]
throughthese comments, decrementing the tallydomments that_Survey Ratings M Sb M Sb M SD
clearly had no bearing on the task hymstis (e.g.jokes, unrelated Finding undiscovered views 41 09 | 42 0.9 1.7 1.0
guestions, etc.). The result was a count of unique discoveries mac
each task trial, across a total of 83 samples (due to a software gli
one subject skipped a trial). Finding interesting views 35 1.0 |36 10 |26 11
As shown in Figure 8, scenting provided limited &fés over all
tasks.The data are not normally distributesid so we usé non
parametric tests (the Krusk@fallis H and ManAWhitney U
statistics) for statistical analysBased orthese tests, the differencessignificant difference betweenthe two scented conditions.
in unigue discoveriebetweenscenting coditions did not reach Furthermore, users did not find either scenting condition to be
significance(H(2) = 1.245p = 0.537) cluttered or disruptiveM = 1.6/5,SD= 1.0 for both), and rated both
However, there was a significant main effect for taggothesis about equally helpful overalM = 3.7/5,SD = 0.9 for both). Users
(H(2) = 11.154,p = 0.004). Pairwise omparisons using Mann were evenly split betwee the scented conditions as to which
Whitney tests found thamique discovery counts foaskhypaheses condition was their favorite (14 comment, 12 visit, 1 no scent, 1
T1 M =4.2,SD= 24 andT2 M = 4.3, SD = 2.4) were not abstention), and the no scenting condition was consistently ranked as
significantly different p = 0.456), but that botlwere significantly the least favorite (24 no scent, 2 comment, 1 visit, 1 abstention).
different (p = 0.008 ando = 0.002, respectivelyfrom T3 (M = 2.6, The few complaits about scented widgetsere largely related to
SD = 1.3. Examining thedata we found that alower number of users wanting the widgets to display different kinds of information
views were relevant t@3 and thus there was limit on the number Threesubjects expressed interest in toggling between multiple types
of possibleunique findings Subjects commented on only 25 uniqu@f scenting information, and several more made offhand remarks to
views inT3, compared to 101 il and 111 inT2. this effect. One subjecilso voiced discomfort with the inability to
We then analyzed the data according to the order in which thin off scent indicators, stating that she preferred to explore without
tasks were performed and found a significarstinmeffect for task being influenced by the browsing paths of previous users.
ordering H(2) = 6.341,p = 0.042), indicating learning effects. The ) )
number of unique discoveries increases monotonically with practi€e®  Discussion
with significant differences between the fi(st = 3.0,SD= 1.7)and The results suggest that subjects found scent useful for navigating
subsequent block/ = 3.6,SD= 2.1 andM = 4.4,SD= 2.6) We the data when it was new to them, but as they learned the data, they
then looked at the effects of scent within each bi@ased orour relied on scent less. As their familiarity with the data increased,
earlier task analysis, we omitted the trialsTB. In the first block of subjects may have transferred from sbtiasemantic navigation of
trials, visit scen{M = 4.1,SD= 16) averaged 2.2 times mounique the data. Some caution is warranted in this claim, however, as we
findings thamo sceniM = 1.9, SD= 0.4) and comment scerfM =  found advantages for scent after removif®) from consideration.
3.6, SD = 2.2) averaged 1.7 times mor&hese differencesvere  On the other hand, we only asked subjects to find a minimum of two
significant (H(2) = 6.613,p = 0.037) Pairwise comparisos found unique discoveries, and soraesults may be conservative. If users
thatvisit scentresuledin significantly more unique findings tham  were asked to maximize unique discoveries, the differences between
scent(p = 0.029). The difference betweeomment scerdndno  scented conditions might become stronger. As it stands, the results
scentfailed to reach significancep(= 0.053), as did the difference suggest that scenting increases unique discoveries in unfamiliar data
between the two scenting conditions % 0.281). Analyses for the even when nique discoveries are not the primary concern.
second and third blocks of tasks found no significant effects for scentrhe reduced impact of social navigation cues over time seems

Finding discovered views 4.1 11 4.2 1.0 1.9 13

How enjoyable 4.1 0.7 4.1 0.7 3.3 1.2

(H(2) =0.45p =0.799 andH(2) = 1.338p = 0.512). plausible given the limited complexity of the data &etit is not
complicated, nor particularly largeThe finding also has a nice
6.4  Results: User Preferences intuitive analogue; in many tasks social navigation is unnecessary

We analyzedsurvey responseand found that users signdantly after one becomes familiar with one's environment. A resulting

preferred both scented conditions to the-soanted condition across hypothesis is that social navigation cues assist unfamiliar users in
the board(Table 2) for finding undiscovered views, for finding becoming oriented. Another hypothesis is that social navigatian cue

discovered views, for finding interesting views more quickly, and ipecome increasingly useful for larger data sets as more time is
terms of enjoymentWe conductech oneway ANOVA for each of needed to become familiar with the data. We leave further

these questions; each found a significant effect2 , 7 8 ) p© investigation of these hypotheses to future work.

0.002 in all cases). In each case, performedosthoc comparisons It is also possible that earlier exposure to scent cues was partly
usi ng Fi s handfdusd signSidnt difeererices at the 0.05responsible fothe decreasing reliance on social cues we observed.
level between the scented and ssmented conditions, but found noAll subjects that encountered the no scent condition in later blocks



had already been exposed to at least one of the sets of scenting datde have evaluated our framework by building a set of
More careful study is needed to assess if exposure to scentsaffdemonstration applications and running a formal experiment in
subsequent behaviour in other conditions. which scented widgets provided social navigation cues.
At first glance, the results seem to suggest that visit scent maytbgerimental results found that scenting led to more unique
preferable to comment scent. Though visit and comment scent fdigcoveries when users were unfamiliar with the data, but that these
equally well in user preference ratings, visit scent results in mdsenefits equalized ovefme, suggesting a transfer from social to
unique discoveries than comment scent. However, the differencgsmantic navigatiorSubjects significantly preferred scented widgets
between the two are not statistically significant. Still, there ate traditional widgets for the analysis tasks and did not find visual
reasons to suspect benefits for visit scent. One hypothesis is #wnt cues to be cluttered or distracting.
uninteresting views may be visited but are unlikely to accrue
comments, so visitation metrics provide cues absent in cOMM@KNOWLEDGEMENTS
scent. Another hypothesis is that, because commented views
visited more than uncommented ones, high visitation rates may b . ;
good indicator of commentary. Indeed, analyzing the recordgd nted W|dgets and for_sharlng SEnse.us usage d_ata. We also thank
adivity metrics finds the expected correlation between visitation atl tN€ experimental subjects for theiarticipation. This work was
commenting ((154) = .603,p < 0.01). Further study is needed wsupported in part by fellowships from IBM and Microsoft as well as

determine which social navigation cues are to be preferred. Ui Alfred P. Sloan Rmdation and the Okawa Foundation.

response to both this uncertainty and user requests, wemrend

supporting usecontrok over te display of visual scent cues.
Finally, it is worth reiterating that the activity metrics used in thB] C. Ahlberg, C. Wiliamson, B. Shneidermaiynamic queries for

study were primarily drawn from general, unstructured exploration. information exploration: an implementation and evaluatiorPrisc. ACM

We were interested in determining if making Isuactivity traces CHI 1992 619626 Monterey, CA. May 1992.

visible impacts analysis, as one can collect this data easily d#id P. Baudisch, R. Rosenholtz. Hat technique for visualizing eficreen

unobtrusively. However, one could also collect activity metrics in a  objects. IrProc. ACM CHI 2003481-488. Fort Lauderdale, FL. Apr. 2003.

more structured fashion. If visitation and commenting data can [Be P. Baudisch, et al. Phosphor: explaining transitions in the user interface using

associ ated wit h hesis, ecestdd witigets &osld o rfterglweffeastifroc. ACM UIST 2006169178 Oct. 2006

display scent data specific to the current task. The potential bendfifs J. Bertin, Semiology of Graphics: Diagrams, Networks, Maadison,

for this form of scenting seemed clear enough not to require Wisconsin:The University of Wisconsin Press, 1967/1983.

experimentation, but may be worth investigating to check if the saffie S. Bjork, J. Redstrom. Window Frames as Areas for Information

e . . . .
thank Martin Wattenberg for itial discussions that led to
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