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Abstract. Shape-changing interfaces are addressed by the research community with more scientific vigor in recent years. Elastic displays afford
novel ways to interact with data and have also been investigated for
almost a decade now. Our goal is to move this interaction technology
out of its experimental stage and into more sophisticated real-world scenarios. In this work-in-progress paper, we describe our research agenda
and preliminary results. On the one hand, we aim to consolidate and
extend fundamental knowledge about the interaction and visualization
techniques that are suitable and effective for elastic displays. Our main
goals in this respect are the development and evaluation of a gesture language and the introduction of an online knowledge base. On the other
hand, we investigate specific use cases that leverage the unique properties
of elastic displays. For this leg of our research, we carry out a long-term
observation of a museum installation of an elastic display and devise new
applications in a research project with industrial partners.
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Background

How to design touch interaction relies significantly on the nature of novel interaction devices. Our research group started to focus on elastic displays in the
domain of shape-changing interfaces [3] after the development of a first prototype [4]. Alexander et al. proposed an exhaustive list of research challenges for
this area, revolving around four main topics: technology, user behaviour, design,
and societal issues [1]. In this position paper, we outline our research agenda addressing these topics for elastic displays (see Fig. 1). In contrast to other novel
types of interaction devices, elastic displays return to their initial, flat state after each interaction. The elastic surface affords a natural force-touch interaction
when pushed or pulled and thus adds a true third dimension to touch displays.
Now, we need evidence to support our hypotheses that this kind of interaction
is intuitive, effective, and suitable for complex real-world applications.
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Fig. 1. Our research topics addressing the grand challenges identified by [1]
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Research Agenda

Our research agenda aims to move elastic displays out of the experimental niche
into productive scenarios. We focus on four research directions (see Fig. 1).
2.1

Interaction Studies

Our goal is to define a catalogue of gestures that are suitable for interaction
with elastic displays in real-world use cases. Our gesture alphabet (see Fig. 2)
is based on prior studies involving basic tasks under laboratory conditions [5,
2]. Using our alphabet, we can describe and evaluate fundamental and complex
gestures for a broader variety of tasks and during long-term observations.

POSTURE

SINGLE

MULTIPLE

HAND

DEFORMATION

HAND

PULL / TOUCH / PUSH

SINGLE / BOTH

MOVE

USER

HOLD / CIRCLE / LINE

SINGLE / MULTI

1x

INDEX

BLESS

EDGE

PINCH

FIST

FLAT

PALM

2x

Fig. 2. Gesture alphabet containing seven main postures and four dimensions describing the deformation of the display, used hands, type of move, and involved users.

Our studies will address tasks in two environments: layer-based (1) and real
3d (2). For (1), we will investigate navigation to a certain depth level and solving
tasks in that layer. We want to derive the amount of required pressure and the
precision of user interaction with regards to the position on the display, since the
surface can be deformed more easily in the middle than close to the device frame.
We will also investigate whether it is more intuitive to directly or indirectly
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navigate through the depth levels and manipulate objects. Within the studies,
the navigation modes and the number of layers will be varied. As a result, we
will derive recommendations on how many distinguishable depth layers can be
safely used in an application. For (2), we will create complex 3D environments,
also based on the knowledge of how users can understand the behavior of the
interface in combination with visual feedback. With these use cases, we want to
determine how the space and materiality of the display can be used intuitively
and effectively.
2.2

Framework

Our existing research framework ReFlex will be transformed into an SDK for
developing applications for elastic displays. The framework features a common
interface for depth sensing devices, supporting a variety of depth cameras, e.g.
Microsoft Kinect and Azure Kinect as well as Intel’s RealSense cameras. It is
based on a client-server architecture with a versatile plugin architecture and
event-based communication. Current plugins include an interactive calibration,
different networking capabilities, an emulator for development, configuration,
and depth image analysis parameterization. We use web technologies, such as
Angular, TypeScript and WebSockets for frontend and tooling, and .NET Core
as platform-independent core technology for depth sensing capabilities. In the
near future, we plan to develop a more versatile emulator as developer tool,
including the option to record and replay gestures and simulate complex depth
interactions. Semi-automatic calibration based on computer vision algorithms,
extended touch capabilities by near-surface hand silhouette extraction, and the
integration of the TUIO3 protocol are further additions. Finally, we want to
release the framework as part of an open source Github repository.
2.3

Industrial Use Cases

In contrast to earlier proof-of-concept demonstrators and toy applications, our
goal is to investigate the use of elastic displays in productive use cases and realworld scenarios. A permanent installation in a local museum4 was realized by
us in late 2018 and runs three small games. This showcase demonstrates that
the technology is feasible for full-time usage in terms of hardware and software
stability. Feedback from users was consistently positive, technical issues have not
been observed except a necessary re-calibration due to decreased tension of the
fabric. Based on the experience with this installation, we want to research the use
of elastic displays in the public, especially for supporting and explaining urban
planning and construction processes, as well as the interactive visualization of
abstract data sets in the context of product lifecycle management systems.
3
4

https://www.tuio.org/
https://www.hnf.de/en/permanent-exhibition/exhibition-areas/everything-goesdigital/interfaces-communication-between-man-and-machine/interfaces-workbench.html
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2.4

Dissemination

We built an online knowledge base to foster collaborative creation of knowledge
about shape-changing interfaces, starting with elastic displays5 . Tags are used
to categorize knowledge items in the four areas proposed by [1]. Currently, a
workshop builder is developed to create individual walk-troughs based on topics, problems, or specific questions. In the future, the workshop builder should
propose customized schedules for acquiring factual and procedural knowledge.
The knowledge base is realized as open-source project, which emphasizes its open
nature and high flexibility regarding access, expansion, and management.
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Outlook

Our research agenda addresses technological issues, explores the design space for
elastic displays, investigates user experience, and looks at the societal value of
the technology. With the interaction studies, we want to build the foundations
for the use of elastic displays in real-world scenarios such as public decision making and information systems. Although we know how to navigate and explore on
an elastic display in basic applications, how to create and manipulate complex
datasets, support collaborative decision making processes, and allow data scientists to dive into interactive data visualizations using an elastic display are open
challenges. Consequently, elastic displays could represent the next logical step
for more expressive, more powerful, and more user-friendly tangible interfaces.
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