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ABSTRACT 

Selection is a fundamental task in interactive applications, 
typically performed by clicking or lassoing items of 

interest. However, users may require more nuanced forms 

of selection. Selecting regions or attributes may be more 

important than selecting individual items. Selections may 
be over dynamic items and selections might be more easily 

created by relaxing simpler selections (e.g., ñselect all items 

like this oneò). Creating such selections requires that 

interfaces model the declarative structure of the selection, 

not just individually selected items. We present direct 

manipulation techniques that couple declarative selection 

queries with a query relaxation engine that enables users to 

interactively generalize their selections. We apply our 

selection techniques in both information visualization and 

graphics editing applications, enabling generalized selection 

over both static and dynamic interface objects. A controlled 

study finds that users create more accurate selection queries 
when using our generalization techniques. 
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INTRODUCTION 

Pointing to an item or region of interest is common in 

everyday communication because it sets (or grounds) the 

subject of the conversation or action. In the physical world, 

people coordinate their gestures, gaze, and speech to 

indicate the objects under discussion [7, 8]. In graphical 

user interfaces, reference (or selection) remains of critical 

importance, but is realized through a more limited set of 

actions, such as clicking or lassoing items of interest. Most 
interfaces model selections as a simple collection of selected 

items. While this approach is simple to implement, it makes 

it difficult for users to specify higher level selection criteria.  

Consider the visualizations of reported homicides in Los 

Angeles shown in Figures 1 and 5. Analysts collaborating 

around these visualizations might refer to regions or 

attributes of interest [8], such as ñEast L.A.ò, ñhomicides in 

the month of Mayò, or ñall gunshot victimsò. Similarly, an 

analyst may point to an item and refer to ñall items blue like 

this one,ò verbally generalizing a deictic reference based on 

the properties of the item [3, 7]. 

One way to express such selections is to use a higher level 

query language such as SQL. For example, the SQL clause  

( ƥʧʣʣʬ- 05- 01Ʀ  ˳ date  AND ÄÁÔÅ ˳ ƥʧʣʣʬ- 05- 31Ʀ)  

selects all homicides in the month of May 2007. The query 

encodes the structure of the selection declaratively, and 

applying the query results in a set of selected items. Systems 

such as DEVise [19], VQE [9], and Improvise [27] have 

recognized that maintaining query structure increases the 

expressiveness of visualization applications. Each of these 

systems provides graphical user interfaces for instantiating 

such general queries visually. 

In this paper, we also focus on building a selection interface 
that represents the selection as a declarative query over the 

attributes of interface objects or underlying data. Selection 

queries are modeled in a SQL-like query language and as in 

earlier systems (e.g., [9, 19, 23]) users create selection 

queries through direct manipulation. Our system visualizes 

the structure of the query and highlights the data or interface 

objects selected by the query. This formulation supports 

both selection of specific items and selections based on 

attributes of the data, which may vary over time.  

The unique contribution of our work is to couple this query-

based approach with generalization mechanisms that allow 
users to expand their selections based on an initial selection. 

This approach enables generalized selections such as ñselect 

all victims with the same age as this oneò over both static 
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Figure 1. Map of reported homicides in Los Angeles, 2007. Color 
indicates cause of death, shape indicates the victimôs race (the 
complete visualization, with legends, is shown in Figure 5). 



 

and dynamic data. Such selections are automatically 

generated by a query relaxation engine that analyzes the 

attributes and network topology of the interface objects or 

underlying data. Users interactively select generalization 

criteria through a pop-up dialog (providing choice 

mediation [20]) or by repeatedly clicking to cycle through a 
set of alternate selections (providing repetition mediation in 

a manner similar to [24]). 

We begin by reviewing related research on selection and 

reference. Next, we demonstrate our approach in both a 

data visualization system and a vector graphics drawing 

program and describe our system architecture. We then 

describe a user study of our selection techniques in a data 

visualization application, finding that subjects used query 

relaxation to more effectively author selections. Finally, we 

discuss future work and conclude. 

RELATED WORK 

Our work on interactive query relaxation draws on research 

on direct manipulation selection techniques, including 

brushing, linking, and dynamic queries, as well as query 
relaxation techniques from the database community. We 

consider each of these in turn. 

Selection Techniques and Reference 

Social psychologists have examined the basic prerequisites 

for communication, including reference: indicating items, 

people, and places to be discussed. Clark and Brennan [3, 7, 

8] explain that spatial reference to visible objects and 

regions takes many forms. Such references may be general 

(e.g., ñnorth by northwestò), definite (e.g., named entities), 

detailed (e.g., described by attributes, such as the ñblue 

ballò), or deictic (e.g., pointing to an object and saying ñthat 

oneò). People often apply multiple forms of reference in 

tandem, across modalities such as speech and gesture. 

However, graphical interfaces rarely support such fluid and 
general forms of reference. 

Clark [8] further divides deictic reference into pointing and 

placing. Pointing involves vectorial reference, such as 

pointing a finger or directing oneôs gaze to a specific item. 

Placing involves referencing a region of space imbued with 

a shared meaning, such as placing groceries on a counter to 

indicate items for purchase. To varying degrees, graphical 

interfaces use both forms of reference. Pointing actions 

using the mouse cursor are the most common. Placing also 

occurs, most notably in drag-and-drop, where drop targets 

have defined semantics. However, systems rarely support 
interactive specification of new ñplaces.ò In interfaces, such 

places may include both spatial regions and abstract spaces 

defined by data attributes. 

In this paper, we describe interface mechanisms that better 

support these forms of communication. Our selection query 

and relaxation model enables interactive generalization of 

deictic references and specification of placing regions 

whose contents may change over time. 

Dynamic Queries, Brushing, and Linking 

Our work is closely related to selection techniques used in 

information visualization. Dynamic queries [1] typically 

take the form of widgets, such as range sliders, with which 

users incrementally filter visualizations. Brushing [2, 4, 21] 

enables selection through direct manipulation, typically via 

clicking, lassoing, or ñpaintingò over items of interest. 

One class of systems focuses on interactive selection within 

visualizations [1, 2, 10]. Martin and Ward [21] introduce 
multi-dimensional brushing, in which users can brush over 

projected data using 2D selection regions. Their system 

then considers the min/max values of the brushed points to 

compute a hypercube enclosing the brushed points in all 

dimensions. Hypercube construction is a specialized form 

of query relaxation: the items initially selected are extended 

to a full hypercube. Hochheiser and Shneidermanôs time 

boxes [14] are dynamic queries that select all time-series 

that pass through brush regions; our approach generates a 

similar tool through relaxation of range queries. 

Another class of systems uses visual query mechanisms to 
create visualizations and specify linking relationships for 

coordinated brushing across visualizations. Snap-Together 

Visualization [22] implements linking using ñprimary key 

actionsò that communicate the individual tuples that have 

been selected. Chenôs compound brushing [4] provides a 

graphical data-flow language enabling user-created 

brushing operations across visualizations. 

Some of these systems explicitly represent the structure of 

selection queries. Linking in DEVise [19] is specified 

through chains of linked plots, specified in part with 

brushing gestures. The system maintains a declarative query 
structure to perform linking across views. Improvise [27] 

supports coordinated queries authored in an auxiliary tree 

editor for defining and linking visualizations. Derthick et 

alôs Visual Query Environment (VQE) [9], provides a form-

based interface for specifying intentional (declarative) 

queries coupled with brushable visualizations for specifying 

extensional queries (selection of specific items). Olston et 

alôs VIQING [23] provides a direct manipulation interface 

for specifying queries; users rubber-band a set of visualized 

tuples to select them and they drag visual canvases on top 

of one another to join the underlying data. Polaris [25] 

allows specification of both queries and visualizations by 
dragging database column names from a list onto ñshelvesò 

for visual variables such as position, color, and shape. 

Our work follows in the tradition of these systems, enabling 

users to interactively select visualized data or other interface 

objects. Similar to DEVise, VQE, and Improvise, our system 

uses a declarative query model that supports coordination 

and reuse across visualizations. Like VIQING, our system 

supports the creation of declarative selection queries 

through direct manipulation of the visualization itself. Most 

importantly, our system is unique in using query relaxation 

to interactively generalize selection queries. 



Query Relaxation 

The database community has developed query relaxation 

with the goal of creating ñcooperativeò databases that return 
information beyond that specified by a standard query. 

Query relaxation expands the query selection criteria to 

include additional relevant information, often by consulting 

a semantic model of the data domain. For example, a user 

seeking to travel from New York to Boston might query for 

morning flights. If no matches are found, relaxed queries 

might instead return train routes in the same time frame.  

Gaasterland [11] introduces query relaxation techniques in 

deductive databases, using logic rules to specify legal 

relaxation constraints. Chu et al provide query relaxation 

for relational databases [5] and XML documents [6], using 
type-abstraction hierarchies (hierarchical ontologies) to find 

semantically similar query results. Hierarchies can be hand-

authored or generated by unsupervised clustering [5, 15]. 

Our work adapts query relaxation techniques to support 

generalized selection in graphical interfaces. As described 

in the following sections, our system supports configurable 

relaxation operations based on the attributes of interface 

items and relations between them. In most cases our system 

can produce a variety of relaxations from an initial query.  

We provide interaction techniques that enable users to relax 

selection queries, cycle through the generated selections, 

and combine relaxed selections as desired. These techniques 
are modeled after mediation interfaces that disambiguate 

input among multiple alternatives (e.g., [16, 20, 24]). For 

example, text editors such as Microsoft Word set the cursor 

position on a single click, select a word on a double click, 

and select a paragraph on a third click. By cycling through 

the alternatives users can find the appropriate selection. 

EXAMPLE: INFORMATION VISUALIZATION 

We have integrated our generalized selection and query 

relaxation techniques with flare (http://flare.prefuse.org), an 

open-source visualization toolkit for the Adobe Flash Player.  

Basic Brushing and Selection 

Our selection framework supports common brushing and 

dynamic query operations. Figure 2 is a scatter plot of 

development statistics from the World Bank [28], including 

per capita income, internet usage, and population data for 

the countries of the world (c.f., Gapminder [12]). As shown 

in Figure 3, our framework translates selection operations 

in the visualization into declarative queries over the 

visualized data. The selection query is in turn used to 
generate interactive range brushes and highlighting effects. 

Users can click an item to select it (Figure 3, top), and 

optionally hold the shift key to select multiple items. Users 

can click and drag over the visualization to create a range 

query (Figure 3, middle). The range is persistent and users 

can reposition and resize the range as they desire. Users can 

also drag along the axis labels of the chart to create one-

dimensional ranges. Additionally, all legends also function 

as dynamic query selectors (Figure 3, bottom). Users can 

select collections of items in discrete legends or select 

ranges in continuous legends, just as they can in the chart. 

Selection Reuse 

Because our system maintains the structure of the selection 

query, it can reapply the selection dynamically over 
streaming or time-varying data sets. Figure 4 illustrates 

countries passing in and out of a range selection as the 

visualization is updated with new data for each year.  

Our system can also reapply selection queries across 

different visualizations of a data set and thereby supports 

linking across views. Figure 5a shows a visualization of 

reported homicides in Los Angeles in 2007, collected by the 

L.A. Times [18]. Color indicates the cause of death and 

shape indicates the victimôs race. The current selection 

 

Figure 2. World Development Statistics. The visualization plots 

income against internet usage for the worldôs countries (c.f., [12]). 
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Figure 3. Basic selection operations and resulting query 

Ƨ7(%2%ƨ clauses. Images are close-ups from the plot in Figure 2. 

               

Figure 4. Selection over time-varying data. The selection updates 
dynamically as animated data points pass through the selection 
range. The sequence shows views for the years 2000 to 2002. 
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highlights Hispanic victims in central L.A. Figure 5b shows 

the same data plotted as a scatter plot of incident date and 
victimôs age. The selection made in the geographic 

visualization is preserved across the two views: range 

criteria for latitude and longitude from the geographic view 

appear as interactive ranges within query histograms next to 

the scatter plot. Our system inspects the clauses of the 

selection query to automatically generate the additional 

range visualizations and thereby ensure that the complete 

structure of the selection query is visible. 

Data-Aware Annotation 

In addition to exploration, selections are important for 

indicating items for collaboration and presentation [13, 26]. 

Users can add text annotations as they explore a data set. 

Our system links the annotation to the data using the current 

selection query. When collaborators view each othersô 
annotations, the system applies the saved query. Because 

our system enables reuse of queries across different views, 

collaborators can view each othersô annotations under 

different visual encodings, potentially providing additional 

perspectives in subsequent collaborative analysis. 

Furthermore, the query structure can be leveraged to rank 

and filter annotations. For example, when a selection query 

results in a null result set due to external filtering criteria, it 

might be omitted from the list of relevant annotations. In 

addition, the data columns referenced by the query can be 

compared with the data columns being visualized to form a 

similarity measure between the selection query and the 
current view. We apply this measure to sort annotations 

according to their relevance to the current view. 

Query Relaxation: Generalizing to Related Selections 

Our system also supports the construction of generalized 

selections from simpler selections using query relaxation 

techniques. Users can pick an item or region of interest and 

generalize the selection to include additional items related 

to the initial selection (e.g., ñselect all items like this oneò). 

Consider the date-by-age scatter plot in Figure 5b. Clicking 

an individual item queries the backing data tuple. Figure 6 
depicts the use of repeated clicks to cycle through relaxed 

queries for the date attribute, expanding the selection to 

include items in the same day, week, and month. In this 

case, our query relaxer generates sequential relaxations by 

traversing a semantic model of time. 

A click-and-hold invokes a dialog box, with which the user 

can choose attributes of interest, such as cause of death, 

race, and age (Figure 7, left). The relaxed query selects all 

items that match the attribute values of the initially selected 

items (Figure 7, right). In this fashion, users construct 

expanded selections based on attributes of interest. 

Query relaxation can also be applied to multiple items or to 
range queries. Figure 8 shows a range selection that has 

been relaxed along the óraceô dimension. The resulting 

query selects all victims whose race matches that of any 

victim contained within the range bounds. Figure 9 shows a 

similar relaxation in a time-series visualization. The plot 

shows aggregated homicide counts over time, grouped by 

age into 5-year bins. Creating a range query over this 

visualization selects all individual data points within the 

range. Relaxing the query along the age dimension selects 

all time-series that pass through the selection range. 

Because we retain the query structure, subsequent resizing 
or repositioning of the range results in dynamic updates to 

the selection, enabling interactive querying similar to 

Hochheiser and Shneidermanôs TimeSearcher [14]. 

Alternate Output Modalities 

Developers can further extend or customize how selections 

are presented. Selection queries can be output in a SQL-like 

syntax to be exported (as in Figure 3) to databases or hand-

modified by proficient users. Selection queries can also be 

mapped into a natural language representation, providing 

automated captioning for selections and potentially aiding 

visually impaired users. Using a simple rule-based approach, 

 

Figure 5. Reported Homicides in Los Angeles County, 2007. (a) Left: Geographic distribution of homicides, including the cause of death 
(color) and victimôs race (shape). A selection highlights Hispanic victims (using a legend selection) in central L.A. (using a range selection).  
(b) Right: The same data plotted using incident date vs. victimsô ages. The selection made in the geographic display has been mapped to the 

scatter plot. Our system extracts the latitude/longitude ranges from the selection query and generates appropriate dynamic query widgets.  


