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inFORM: Dynamic Physical Affordances and Constraints
through Shape and Object Actuation
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Figure 1: inFORM enables new interaction techniques for shape-changing Uls. Left to right: On-demand Ul elements through
Dynamic Affordances; Guiding interaction with Dynamic Constraints; Object actuation; Physical rendering of content and UI.

ABSTRACT

Past research on shape displays has primarily focused on ren-
dering content and user interface elements through shape out-
put, with less emphasis on dynamically changing Uls. We
propose utilizing shape displays in three different ways to
mediate interaction: to facilitate by providing dynamic phys-
ical affordances through shape change, to restrict by guiding
users with dynamic physical constraints, and to manipulate
by actuating physical objects. We outline potential interaction
techniques and introduce Dynamic Physical Affordances and
Constraints with our inFORM system, built on top of a state-
of-the-art shape display, which provides for variable stiffness
rendering and real-time user input through direct touch and
tangible interaction. A set of motivating examples demon-
strates how dynamic affordances, constraints and object actu-
ation can create novel interaction possibilities.
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INTRODUCTION

The rich variety of physical forms found in everyday life of-
ten serve both functional and aesthetic roles. These physi-
cal objects have features that not only provide functionality,
but also suggest possible uses, or confine the ways we may
interact with them; Norman labels these as perceived affor-
dances [30]. This notion of perceived affordances has been
long appropriated by the HCI field, particularly in the con-
text of Graphical User Interfaces (GUI) and Tangible User
Interfaces (TUI) [17]. While GUIs have the ability to change
perceived affordances rapidly to adapt them to different con-
tent and context, TUIs primarily exploit the affordances in-
herent in physical form, as well as their physiological and
cognitive advantages [21]. For example, the Token and Con-
straint framework introduced by Ullmer uses mechanical con-
straints to provide physical affordances for interacting with
tangible controllers, such as tokens [38]. However, TUIs,
such as those outlined by Ullmer, are often limited by the
static nature of most man-made physical artifacts, and thus
cannot easily change their form. Therefore, many projects in
this area are commonly single-purpose and do not physically
reflect changing program states well [15].

To overcome these limitations, we seek to bring the dy-
namism of visually perceived affordances of GUIs to physical
interaction by utilizing shape-changing Uls (see Figure 1).
This paper explores Dynamic Affordances which can trans-
form shape, size, location and orientation, in addition to be-
ing able to appear and disappear. They provide appropriate
affordances on demand by changing their physical properties
based on program states and the context of the user or other
objects in the interaction area to facilitate interaction. But-
tons can, for example, grow in size to ease target acquisition,
or move out of the way of an object. We also introduce Dy-
namic Constraints, which help mediate interaction between
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