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a b s t r a c t

Edge-scrolling techniques automatically scroll the viewport when the user points near its edge, enabling
users to reach out-of-view targets during activities such as selection or drag-and-drop. Despite the
prevalence of edge-scrolling techniques in desktop interfaces, there is little public research on their
behaviour, use or performance. We present a conceptual framework of factors influencing their design.
We then analyse 33 different desktop implementations of edge-scrolling by reverse-engineering their
behaviour, and demonstrate substantial variance in their design approaches. Results of an interactive
survey with 214 participants show that edge-scrolling is widely used and valued, but also that users
encounter problems with control and with behavioural inconsistencies. Finally, we report results of a
controlled experiment comparing four different implementations of edge-scrolling, which highlight
factors from the design space that contribute to substantial differences in performance, overshooting,
and perceived workload.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Edge-scrolling is an interactive technique that automatically
scrolls a viewport when the user points near its edge. It is typically
used when other scrolling tools are unavailable or unsuitable, for
example when the user is already engaged in a dragging action.
Fig. 1 shows several of these situations commonly encountered in
desktop applications: (a) selecting a font in a large menu,
(b) selecting a wide range of cells in a spreadsheet application,
(c) resizing a shape in a drawing application, and (d) moving a file
in a subdirectory. In these examples, the user has their pointer
near the edge of the viewport and needs to scroll the view to
complete their task; edge-scrolling assists by automatically scrol-
ling the view at a certain speed in the desired direction.

Edge-scrolling is used daily by millions of desktop computer
users, and is available in most desktop applications. However,
there are substantial differences between implementations. For
example, a Windows 8 user will experience different behaviours
when selecting text in Internet Explorer and in Notepad: in the
former, the viewport automatically scrolls while the pointer

remains below its bottom edge, but the latter additionally requires
continual pointer movement for scrolling to occur. Many other
behaviours are displayed both within and between operating
systems. These differences are near certain to have important
implications for user performance, errors, and preferences, as
suggested by results of prior studies into alternative techniques for
general scrolling (e.g., Zhai et al., 1997a; Hinckley et al., 2002;
Quinn et al., 2012). Yet, despite the ubiquity of edge-scrolling use
and the seemingly ad hoc variance of the available implementa-
tions, there has been little research to understand how users in-
teract with edge-scrolling and how it should be designed.

To advance understanding and design of edge-scrolling tech-
niques, we present an analysis in four parts, respectively addres-
sing the following questions: (1) what factors influence the design
of edge-scrolling techniques; (2) exactly how do current im-
plementations behave; (3) how are existing techniques used and
perceived by users; and (4) how is user performance influenced by
different edge-scrolling behaviours? After a review of related lit-
erature, we answer these questions by first providing a framework
for understanding edge-scrolling techniques based on task re-
quirements and the method's behavioural characteristics. We then
use this framework to examine 33 existing edge-scrolling im-
plementations, reverse-engineering their behaviour and demon-
strating substantial variance in design approaches. Results of an
interactive online survey, completed by 214 participants, confirm
that edge-scrolling is widely used, and identifies common usability
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problems. We then describe a controlled experiment evaluating
user performance when using various edge-scrolling designs for a
text selection task, with results showing that different approaches
to supporting edge-scrolling cause substantial differences in task
completion time and perceived workload. Finally, from these re-
sults, we derive a series of recommendations for the design of
future edge-scrolling techniques.

2. Background

When a document has more information than can be displayed
inside a viewport placed on the display, the interface must allow
scrolling so that relevant document parts can be brought into
view. Various scrolling techniques and devices have received much
attention in the literature, but it seems to us that academic re-
search has missed an opportunity to formalize understanding on
an important interaction that is widely disseminated yet proble-
matic. Edge-scrolling defines a scrolling area relative to the view-
port edge (Fig. 2), and when the pointer is inside the scrolling area,
pointing actions control the scrolling rate.

This section reviews related literature relevant to edge-scrol-
ling, including general scrolling techniques and transfer functions,
pointing-based scrolling techniques, edge-based pointing techni-
ques, as well as edge-scrolling disclosures.

2.1. Scrolling techniques and transfer functions

Scrolling has been a basic component of interaction since the
earliest graphical interfaces (Sutherland, 1963), and a wide array of
input devices and techniques have been used to support it. Widely
deployed hardware devices with scrolling adaptations include the
keyboard (McLoone et al., 2003), touchpad (Arthur et al., 2008;
Bial et al., 2010), and mouse (Ohno et al., 1985; Zhai et al., 1997b;
Hinckley and Sinclair, 1999). Desktop and touch-enabled systems
also commonly support scrolling methods that are based on

pointing actions, such as scrollbar controls, middle-click rate-
based scrolling (Zhai et al., 1997b), and touch-based flick-scrolling
(Aliakseyeu et al., 2008; Quinn et al., 2013). Other forms of input
for scrolling control include gaze (Kumar and Winograd, 2007),
the position of a mobile device in 3D space (Mehra et al., 2006),
and device orientation (Rekimoto, 1996).

All scrolling techniques require a transfer function that de-
termines the mapping from the input signals to the resultant
scrolling output, which is typically in terms of either the absolute
position of the document, its relative position, or its rate of
movement (although other variants are theoretically possible,
such as document acceleration). The following subsections review
work on these three primary forms of control. We use the con-
ceptual model of transfer functions provided by Quinn et al.
(2012), which describes three successive transformations: trans-
lation (where the input signal is converted to display space units),
gain (which modifies the amplitude of the control signal), and
persistence (where effects, such as simulated friction, are applied
across time).

Fig. 3 provides an overview of relationships between literature
reviewed in this section.

2.1.1. Absolute position control
Absolute position control functions map each point inside an

area in a physical or virtual coordinate space to a single position of
the viewport in document coordinates—they map an input posi-
tion to a scroll position. Such functions have been used in dedi-
cated devices (Buxton and Myers, 1986; Bial et al., 2010) and on
touchscreens (Fitchett and Cockburn, 2010). They allow users to
quickly jump to remote parts of a document, but precise selections
and short-distance movements are compromised (Fitchett and
Cockburn, 2010).

Precision problems occur at the translation stage of the transfer
function, either because the number of sampled elements of the
input space does not match the number of elements in the
document space or because the transfer function itself does not

Fig. 1. Situations commonly encountered in desktop applications where edge-scrolling can be employed to automatically scroll a viewport to complete a task: (a) selecting a
font in a large menu, (b) selecting a wide range of cells in a spreadsheet, (c) resizing a shape in a drawing application, and (d) moving a file in a subdirectory.
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Fig. 2. Edge-scrolling is used in the course of a task (here, selecting text) in order to scroll a document that is displayed inside a viewport placed on the display. The user
activates edge-scrolling by entering a scrolling area near the viewport edge (left). Inside the scrolling area, pointing actions control the pace of scrolling (middle, right).
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