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Figure 1: Workflow of using viaCross to select objects in a pen-based environment. a) Specify the selection type by starting the
pen on (exact match) or off (attribute similarity) an object. b) Cross objects to extract attributed categories of interest. Here,
size, shape, and colour are extracted. c) Specify or edit the constraints of the selection, as a filter. Here, colour is the target,

resulting in all blue and red objects being selected.

Abstract

Crossing-based selection is well-studied, yet past research has over-
looked multi-object and attribute selection with crossing gestures.
We present viaCross, a pen-based technique in which crossing
strokes define attribute constraints, paired with attribute widgets
that visualize and allow subsequent edits to these constraints. A
controlled study compared viaCross with traditional WIMP filter
panels. Results show that viaCross was more efficient for complex
object-level selections, requiring fewer strokes and maintaining
efficiency as task difficulty increased. WIMP panels were faster
and more intuitive for simple attribute-based selections, but partic-
ipants encountered repeated deselections and occasional misclicks.
viaCross matched panel performance for creating attribute selec-
tions but was slower during refinement, as widgets had to be recre-
ated—indicating the need for persistent widgets or hybrid support
with a WIMP-style interface. Overall, viaCross demonstrates that
crossing-based gestures can provide an efficient and scalable ap-
proach to multi-object and attribute selection.

CCS Concepts

« Human-centered computing — Pointing devices; Graphics
input devices.
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1 Introduction

Pen-based devices such as tablets and smart whiteboards have
grown in popularity due to their accessibility and improved sensing
capabilities. They are widely used for note-taking, sketching, and
3D modelling because pens afford direct, natural interaction with

interface elements. Yet, many pen-based applications still rely on
WIMP-style menus designed for mouse and keyboard. Without
hotkeys or shortcuts, users must perform multiple “round trips”
between the workspace and menus, increasing interaction costs
and disrupting workflow [37].

Crossing-based interaction, selecting a target by crossing its
boundary, has been studied theoretically and empirically [2, 3, 6,
14, 26, 38] and applied in interfaces [5, 7, 12]. Crossing can perform
comparably to point-and-click while enabling more fluid workflows,
particularly with pen input. However, little prior work has explored
crossing for multi-object selection.

viaCross aims to specify multiple constraints using only one
stroke, where the location of the starting point specifies selection
type (Figure 1a), crossing objects specifies attribute constraints
(Figure 1b). As such, users can select multiple attributes using only
one stroke. Users employ attribute widgets to replace the need for
menu round trips while editing attribute constraints (Figure 1c).
Attribute widgets can help declutter the workspace by dividing the
traditional menu into necessary and unnecessary options. Further,
it allows multiple iteration cycles for a more fluid workflow.

To evaluate viaCross, we conducted a comparative study against
a panel-based WIMP interface. Results show that viaCross requires
fewer strokes and scales better in complex object-selection tasks,
while panels remain faster and more intuitive for simple attribute-
based filtering, highlighting complementary strengths.

We position our work as both a new workflow that unifies cross-
ing gestures and an exploration of trade-offs in pen-based selec-
tion, offering design implications for future interfaces. Thus, our
contributions are: (1) viaCross, a novel pen-based technique
that extends crossing gestures to support multi-object and
multi-attribute selection within a single stroke. (2) Attribute
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widgets that integrate constraint visualization and refinement di-
rectly into the workspace, reducing reliance on WIMP panels. (3)
A controlled comparative study with a WIMP-style panel in-
terface, revealing trade-offs: panels are faster and more intuitive
for simple attribute filtering, while viaCross scales better in com-
plex, object-centric selections. (4) Design implications for hybrid
or adaptive interfaces that preserve user effort in refinement and
support onboarding for gesture-based systems.

2 Related Work

viaCross draws inspiration from prior research on multi-stroke
selection techniques and widget design to specify attribute con-
straints, directly addressing issues from prior crossing-based selec-
tion techniques.

2.1 Crossing-Based Selection

Crossing-based selection—choosing a target by passing over its
boundary—was pioneered by Accot and Zhai [1], introducing the
idea of “goal passing.” This foundation led to extensive experiments
across input modalities, including indirect and direct pen [2, 6, 11,
14], direct touch [26], and mouse [7, 38]. These studies show that
crossing performs comparably to pointing, even in dense environ-
ments with distractors where the impact on speed is minimal [40].
Applications such as CrossY [5] demonstrate how crossing can be
applied to drawing, with all attributes listed in a static panel that
users cross through in sequence. However, this approach does not
scale well: as the number of attributes grows, panels become larger
and spatially constrained, and users are limited to choosing only
one attribute per category (e.g., colour, stroke width).

While prior work demonstrates the promise of crossing, most
studies address single-target selection or attribute panels. Our work
investigates whether crossing can be extended to multi-object se-
lection and attribute specification, supporting scalability in dense
environments.

2.2 Multi-Stroke Selection Techniques

Multi-stroke interaction enables richer expression by combining
strokes into composite actions. Buxton’s concept of “phrasing” [9]
framed such sequences as cognitive subroutines aligned with a
user’s mental model. Building on this idea, Hinckley et al. [19] in-
troduced techniques like “selection decoration,” where one stroke
selects an object and another specifies a spatial property. Later work
explored mechanisms for distinguishing strokes, ranging from ex-
plicit mode switching (e.g., button presses) [19, 25], to recognition-
based methods for differentiating writing and gestures [21, 24, 33].
Other strategies leveraged pen landing and liftoff to disambiguate
intentions, showing that initial touch location can predict target
selection strategies [30, 31].

viaCross draws from these insights by associating landing strate-
gies with selection type and extending recognition-based approaches
to crossing gestures. Unlike prior work focused on multi-stroke ges-
tures, viaCross emphasizes fluid, single-stroke specification where
possible, while still supporting refinement through attribute wid-
gets.
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2.3 Menu Access for Pen-Based Input

Traditional WIMP menus remain costly for pen-based workflows
because they require repeated “round trips” to static locations [13,
16, 28]. Researchers have explored alternative access methods such
as using pen modalities (tilt, roll, pressure) [8, 17, 35] or gaze-based
mode switching [20, 27]. While promising, these methods face scal-
ability issues as menu items increase or depend on specialized
hardware. Gesture-driven widgets provide another solution: Hover
Widgets [15] allowed users to draw gestures to summon local wid-
gets, while stroke-based systems [18] supported localized access.
However, these techniques required memorization of mappings
and suffered from false activations, challenges that grew with the
number of functions.

Our attribute widgets (Figure 1) build on this line of research by
embedding both information and control into the workspace itself.
By coupling constraints with visual feedback, they reduce the need
for menu navigation and support more fluid editing of selection
filters.

2.4 Hybrid Interfaces

Beyond crossing and pen-specific menus, prior work has com-
bined gestural input with menu-based refinement to balance effi-
ciency and control. For example, Kurtenbach and Buxton’s marking
menus [22] blend stroke gestures with radial menus to support
both novice and expert use. Hover Widgets [15] and Scriboli [18]
similarly integrated pen gestures with localized or delimiter-based
controls to reduce round trips to static panels. More recently, At-
tribute Spaces in VR [23] provided in-situ manipulation tools for
refining selections within immersive environments. These hybrid
approaches illustrate a recurring design strategy: combining the
fluidity of gestures with the explicitness of structured controls.

viaCross follows this trajectory by unifying crossing-based multi-
object selection with in-place widgets for attribute refinement. In
doing so, it extends prior hybrid approaches to pen-based envi-
ronments, while our evaluation highlights how trade-offs between
panels and gestures motivate further exploration of adaptive or
blended interfaces.

3 viaCross: Crossing-Based Selection Technique

This section outlines the workflow of viaCross, which consists
of three steps, as shown in Figure 2: 1) Specify selection type by
indicating pen landing. 2) Specify selection constraints by cross-
ing or picking categories. 3) Optionally, edit post-selection con-
straints. viaCross integrates pen stroke interactions with an im-
plicit attribute or object selection via contextual widget menus,
minimizing round-trips. It interacts directly with workspace ob-
jects and modifies attribute constraints based exclusively on pen
strokes, without a keyboard or additional gestures. Demo available
at vialab.github.io/viaCross.

3.1 Attribute Constraint Selection

Attribute constraints are used to target attributes or objects of in-
terest, and viaCross supports three types. Nominal constraints deal
with unordered values (e.g., colours, shapes), ordinal constraints
with ordered values (e.g., sizes), and quantitative constraints with
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viaCross: Crossing-Based Selection Technique

Figure 2: Design space of viaCross showing techniques and gestures for targeting attributes of interest. Widget interactions
di er for ordinal/quantitative attributes (sliders available), and nominal attributes (no sliders).

numerical values, either discrete or continuous (e.g., ratings). Inter- (colour), medium objects (size), or circles (shape). After lifting the
actions vary by attribute type. Specifying constraints with viaCross  pen, a pie menu shows all data categories (e.g., shape, size, colour;
involves three steps (Figure 2). First, the user selects the desired Figure 3a). Users can select target attributes, and a widget appears
selection type. Next, they add constraints. We aim to allow initial upon selection (Figure 3b). Unlike traditional methods that require
selection type and constraint speci cation in one gesture. Lastly, searching for each attribute in a list, viaCross can extract relevant
the system visualizes ambiguous attribute similarity constraints for  attributes in one stroke. Although the example shows three cate-
user editing. gories, improved pie menu designs can accommodate niiing
Selection Type CreationviaCross o ers two selection types:  Aribute Similarity . Widgets can also be used to edit attribute
exact matckand attribute similarity. The selection type depends  constraints. More details are described in subsection 3.2.
on the pen stroke's initial coordinate (Figure 2, pen landing). If it
intersects an object, an exact match selection is created. Otherwise, 3.2 Widget Visualization

an attribute similarity selection is used. The intuition of the design
choice is that starting on an object speci es a direct intention for
that object exactly, while passing through suggests a broader inter-
estin its attributes. After identifying the selection type, constraints
can be added by extending the stroke to intersect other objects.
Selected objects will be nalized once the pen is lifted. Using the
pen's eraser tip on the boundary or selected items will delete the
selection.

Exact Match Creation. Exact match selection nds objects
where all attributes match those of the target (e.g., all 'small green

viaCross uses widgets to edit and visualize attribute similarity con-
straints (Figure 4). Each widget is responsible for only one attribute
category (e.g., colour, shape) (Figure 4a). It features a label for the
category name, icons for selected attributes, and a hidden menu
for novice users (Figure 4b). Users can move widgets by dragging
their labels. Users can interact with the widget and the application
simultaneously to add or remove attributes as they near the user's
active space, unlike static menu bars that appear at the top or side
of an application.

Users can access the hidden menu or perform a gesture to edit

circles’). Users can intersect multiple objects to expand their selec- the Iter on the widget. The menu appears when the widget is
tion by extending their pen strokes. Once the pen is lifted, objects hovered over or its label is tapped. It shows which attributes are
matching any crossed items are selected. Unlike traditional menus selected or unselected, allowing users to add or remove them by
requiring all attributes for each item, viaCross allows users to in- tapping icons. Attributes can also be added by drawing a stroke
tersect all items with a Single strokEdltlng Exact Match . Users from the object to the W|dget (Figure 40) Users can drag icons away
can tap objects to add or remove constraints to modify an exact to remove attributes until the link is broken (Figure 4d). Once done,
match selection. users can erase the widget by dragging the pen's eraser across its
A ribute Slmllarlty Creation . Attribute Slmllarlty matches label without a|tering the lters.

objects with similar attributes, such as all "green’ shapes (colour).  The initial pie menu will disappear with any pen stroke drawn
Users can de ne attributes by intersecting objects with pen strokes gn the screen. To allow new widget creation post-disappearance,
(Figure 3), but this can lead to ambiguous speci cations. For in- viaCross o ers two methods (Figure 5). Novice users can activate

stance, if the stroke passes through a medium red circle and a the pie menu by brie y holding the pen tip against the screen
medium green circle, the user might want green and red objects
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Figure 3: Example of attribute similarity selection. (a) A crossing stroke intersects a medium red and a medium green circle,
adding colours, shape, and size attributes to the attribute pool. (b) Selecting colour from the pie menu targets all items matching

red or green, regardless of other attributes.

Figure 4: Editing attribute widgets in viaCross. (a) Initial colour widget with red and green selected. (b) Hover or tap on the
widget to open the menu of available attributes. Alternatively, to edit a widget, you can either (c) draw a stroke from the object
to the widget and add attributes. To remove attributes, (d) drag icons away from the widget.

Figure 5: Methods for creating attribute widgets in viaCross:
(a) A pie menu shows non-targeted categories. Tapping a
category creates the associated widget. (b) Alternatively, draw
the letter for its attribute (e.g., "C' for colour, *S' for shape,
“Z' for size), which creates a size widget when "Z' is drawn.
(c) The resulting widget for quantitative/ordinal attributes
includes a slider for range selection.

4 User Study Design

To evaluate viaCross, we compared it to a traditional WIMP inter-
face. The panel-based technique used a pen-based lasso tool and
a Iter panel, inspired by existing query interfaceg[10 29 34,
where all constraints are listed (Figure 6). The panel, located in the
top right corner of the screen, contained Iters applied based on
the participant's selection. Participants could also tap on individual
objects to add or remove them from the selection. The main com-
parison variables are the number of strokes and the task duration.
Our study was approved by our institutional Research Ethics Board
(File #16971).

4.1 Participants

24 participants were recruited to participate in the study via an
advertisement on a public poster at a local university campus. 22

(Figure 5a), showing unselected categories. In contrast, expert users participants were right-handed and two were left-handed. 5 partici-

can draw a letter related to the attribute category "C' for colour,

pants used a digital pen daily, 3 used weekly, 9 used monthly, and

'S' for shape, and "Z' for size (Figure 5b). In this case, the stroke will 7 had never used them. A $30 CAD honorarium was awarded for
morph into a widget once the letter has been recognized. A slider participation.

appears for quantitative and ordered attributes to select ranges

(Figure 5c).

4.2 Apparatus and Software

Participants were seated at a desk using a Microsoft Surface Pro
11 and Surface Pen throughout the experiment, and these devices
were used to run the study system.
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