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Extending Input Space of Tangible
Dials and Sliders for Uncertain Input

Abstract

Uncertainty is common when working with data and
becomes more important as processing big data gains
attention. However, no standard tangible interface
element exists for inputting uncertain data. In this
article, we extend the input space of two traditional
TUIs: dial and slider. We present five designs that are
based on dials and sliders and support uncertain input.
We conduct focus group interviews to evaluate the
designs. The interviews allow us to extend existing
design requirements for parameter control Uls to
support uncertain input.

Author Keywords
Tangible User Interfaces; Uncertainty; Input; Dial;
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Introduction

Users face uncertainty every day when they produce
data themselves, e.g., recording calorie intake or
booking flights. Whether users are the source of
uncertainty or the mediator of uncertain data, input
mechanisms need to support uncertain input to produce
valid data containing uncertainty [1][5]. When the
input uncertainty is well communicated, one can make
better decisions when later analyzing the data [9][16].
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Figure 1. The extended input space of
dial- and slider-based interfaces, to
enable value and uncertainty input.
The usual interactions (turning a dial
or sliding a slider cursor) change value
(= mean of a desired input). The
added modalities (i.e., increasing
diameter/open space/pressure/cursor
size, and splitting the cursor
respectively) allow to input uncertainty
(= variance of the input).

Communicating uncertainty can also increase
transparency and reliability of the data [13][16].

Previous work has focused on the graphical
representation of uncertain data [3][8][13][16] and
capturing such data with mouse interface [5]. It
inspires us to investigate how we can use tangible
interfaces to support uncertain input. Tangible
interfaces allow precise interaction [10], which can
minimize uncertainty introduced by input methods.
They also enable multiple interactions at the same time
[17], which can be used to input estimated values and
amount of uncertainty on one device.

We are especially interested in extending the one-
dimensional input space of dials and sliders to multi-
dimensions, to allow input of both value and
uncertainty on one device. Reconfigurable or shape-
changing interfaces have demonstrated such capability
[3]1[10][12], and we want to learn how the
reconfigurability can support or hinder uncertain input.

In this work-in-progress, we explore the design of
physical dials and sliders that can capture users’ value
and uncertainty on one device. We first use Morphees+
[11] features to design 5 controls that can input both
value and uncertainty, which are based on ordinary
dials and sliders. We then present low-fidelity
prototypes and conduct a focus group study to gather
feedback on them. Lastly, we derive and discuss
preliminary design requirements for uncertain input.

Background and Related Work

Uncertainty and its Communication

Uncertainty, as described by Pang et al. [14], includes
statistical variations or spread, errors and differences,

minimum and maximum range values, noise, or
missing data. Studies show that decision-making is
better supported by capturing, modeling, and
visualizing uncertain data [1][9][13][16]. For instance,
communicating uncertainty can increase transparency
and reliability of weather forecasts [13][16].

Pang et al. [14] also name three steps of data
processing, in which uncertainty can be introduced:
acquisition, transformation, and visualization. In data
acquisition, uncertainty is inevitable due to inexact
measurements. During transformation, the original data
can be altered by a human or an algorithm. Lastly,
visualization may introduce uncertainty as it does not
usually use the same media as the original data.

In this paper, we focus on improving ways of capturing
uncertainty during the transformation step. Research in
capturing and reducing uncertainty has been largely
focused on GUIs. Greis et al. [5] propose graphical
probability distribution sliders with varying degrees of
freedom. The study shows that users with limited
statistical knowledge perform best using the range
slider, which has two degrees of freedom. Users with
more statistical knowledge perform better with sliders
with three or more degrees of freedom.

Communicating Input Uncertainty with TUIs

Even though TUIs have not explicitly addressed the
problem of inputting uncertain data, several previous
works could be used for this purpose.

Coutrix et al. suggest a resizable tangible slider [3] to
compromise between travel length of the thumb and
input accuracy. It could be also used to input uncertain
data by interpreting the size of the slider as the
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Figure 2. Low-fidelity prototypes for
the explored designs for uncertain

input dials/sliders. a,b) Expandable
Dial, c) Pinch Dial, d) Pressure Dial,
e) Expandable Slider, f) Split Slider.

certainty. E.g., smaller size means less precision and
thus more uncertainty.

The Inflatable mouse [12] could be also used for
uncertain input. The mouse has an elastic chamber,
and users can squeeze it to zoom a map in/out. For
uncertain input, the device can input 2D data (e.g., X-Y
coordinate values with mouse pointing) with 1D
uncertainty (squeezing).

Design Exploration for Uncertain Input TUIs
We first generated variations of conventional
continuous interfaces, dials and sliders. We used the
existing interaction of rotating and sliding the devices
for value input and added other modalities to input
uncertainty. We used the features of the Morphees+
taxonomy [11] to design the additional modalities (see
Figure 1). The designs quantify uncertainty in two
ways: the dials and Expandable Slider (Figure 1a,b,c,d)
can input an amount of uncertainty (i.e., 0-100%), and
SplitSlider (Figure 1e) can input a range of estimated
values. When the device was for inputting the amount
of uncertainty, we mapped the larger surface or open
space with more uncertainty and less pressure with
more uncertainty.

Dial-Based Designs

o Expandable Dial (Figure 1a) was driven by
Morphees+’s Area feature, which describes changes
in area size on a surface. The dial’s diameter can be
increased or reduced, resulting in the area change at
the top of the dial.

¢ Pinch Dial (Figure 1b) includes an open space that
can be closed or opened, which was inspired by the
Closure feature of Morphees+. The feature describes
how much boundaries of a surface are “open”.

¢ Pressure Dial (Figure 1c) can be pressed
downwards in addition to its rotation, like Button+
[18]. It was driven by the Strength feature, the force
needed to move a control point to another position.

Slider-Based Designs

o Expandable Slider (Figure 1d) was inspired by the
Area feature similarly to Expandable Dial. It has a
thumb that can be expanded to communicate
uncertainty. The center of the thumb represents the
medium of estimated values.

o SplitSlider (Figure 1e) was driven by Morphees+’s
Modularity, which describes an object’s ability to be
split into multiple pieces. The design represents a
standard slider in one-thumb mode. The thumb can
be split to two or three thumbs to enter the range of
estimated values or probability distribution (e.g.,
standard distribution) or estimated values.

Low-Fidelity Prototype Implementation

We implemented low-fidelity prototypes of all the
design explorations, except for the pressure dial, where
we used a consumer product [15] (Figure 2). We had
six prototypes as we had two different prototypes for
the Expandable Dial, one that could be stretched
(Figure 2a) and one that could be squeezed (Figure
2b). Here we briefly describe how they are
implemented, and how they work.

Expandable Dial: Stretching Design. (Figure 2a) We
use a Hoberman mechanism [7] to create an
expandable circular shape. The center of the
mechanism is connected to a rotational axis for value
input. At the external corners, there are concave disks
where users put their fingers on. Users can slightly



press them and stretch the fingers inwards or outwards
for inputting uncertainty.

Expandable Dial: Squeezing Design. (Figure 2b) We
use to an aerospace design [6] to fold a paper sheet
into a condensed shape. The tension of the paper keeps
the dial expanded, and users squeeze it to change the
diameter.

Pinch Dial. (Figure 2c) We create six equilateral
prisms from a laser cutter and connect them into a
hexagon, roughly resembling the round shape of a dial.
They are held together with adhesive tape on the outer
faces. We place a bent piece of plastic sheet between
two prisms to act as a spring to open the dial. Users
can close the dial by pinching the device.

Pressure Dial. (Figure 2d) We used a PowerMate
Bluetooth [15] for the design. It has a spring inside to
push the upper rotational part back when pressed. The
device has only two states of height - pressed and not-
pressed.

Expandable Slider. (Figure 2e) We place a bent piece
of plastic sheet between two thumbs of a laser-cut
slider. The plastic sheet forced the thumbs to separate.
Users can squeeze the thumbs for more certain input.

Split Slider. (Figure 2f) There are three thumbs on a
laser-cut slider. The thumbs have grooves on them and
users can place a U-shaped plastic piece to combine
two thumbs together. Hence, the number of thumbs
can be changed between one, two, and three.

Focus Group Study

We obtained general opinions on the input of uncertain
data through focus group interviews. The interviews
consist of two tasks: 1) understanding the causes of
uncertain input and 2) evaluating our design
explorations. For the second task, we provided low-
fidelity prototypes for the explored designs. We had
two participant groups, and each group consisted of six
people. Each focus group interview lasted about 50
minutes. We took pictures and recorded the audio
during the interviews.

Participants

We recruited twelve participants (10 male, 2 female)
between 20 and 34 years (M = 24.92, SD = 3.65) via
personal invitations. Their background varied, including
social sciences and natural sciences. The participation
was voluntary.

Task 1: Understanding the Causes of Uncertain Input
(20min)

After the participants signed the consent form and
provided their demographic information, they
introduced themselves to the others. They then got
sticky notes to write down answers for the following
question: “Which scenarios can you think of where you
were or could be uncertain about an input?”

Results

Participants found 20 scenarios where uncertain data
input is needed. We report participants’ scenarios that
require them to communicate the uncertainty on
continuous data (e.g., price), i.e., where this paper’s
interest is. We roughly grouped them into three
categories:



Lack of knowledge. Many scenarios implied
knowledge that has never been learned in the first
place. Participants mentioned complicated forms such
as patient forms demanded by doctors, and these
forms require rather uncommon knowledge. Another
example was the alarm setting for e.g., cooking time,
which might vary among kitchen equipment.

Loose constraints. Participants mentioned scenarios

where uncertain input was caused by loose constraints.

For instance, flight search was mentioned related to
vacation planning. Here uncertainty could occur due to
the fact that one might not have a specific price or
traveling time in mind. For these data, the participants
wanted input mechanisms allowing a range of
alternatives. Participants also named portion input on
cooking websites (every person might have their own
understanding of “one portion”).

Uncertain memories. Many scenarios can be traced
back to missing or imprecise memories. This includes
rarely used personal data, for which the participants
mentioned their body size and weight.

Task 2: Evaluating the Designs (30 min)

At the focus group interviews, we introduced our
designs to the participants. Participants were grouped
in three pairs. Each pair was randomly given three of
the low-fidelity prototypes. They were asked to think
about advantages, disadvantages, improvements or
suitability of their respective prototypes for a given
scenario among the scenarios found in the first task,
and then each pair presented their findings. We
repeated this step with the rest of the prototypes.

Results

Using thematic analysis [2], we identified preliminary
requirements for designing tangible devices for
uncertain input. The requirements are well-aligned with

the requirements for the traditional rotational and

linear input derived by Kim et al. [10]. It shows that

the general purposes of the input interfaces are similar.

However, the extended input space of the uncertain
input TUIs also introduced new requirements that did
not exist for traditional dials and sliders. There are

seven requirements, which we grouped into four
categories.

FAST MANIPULATION.

R1 Simultaneous input. In general, the participants
liked to have simultaneous input of value and
uncertainty. For instance, they complained that it
was hard to press down the Pressure Dial while
rotating because the resistance of the spring was
too high. They also complained that the Pinch Dial
was difficult to pinch when the opening is no longer
between the thumbs and index fingers.

PRECISE MANIPULATION.

R2 Small intervals. Dials were preferred for small
intervals in value input because they could have
infinite input range. On the other hand, the input
ranges of the sliders were limited by the slider sizes,
hence their intervals for value input were larger
than the dials’.

R3 No interference between inputs. The participants
preferred not to have interference between the
value and uncertainty inputs. For instance, when
participants changed uncertainty (stretching or
squeezing) with Expandable Dial, it could rotate the
device by accident. When users grasp Pinch Dial, it
applied some pressure on it, and it could cause
unwanted change on uncertainty. These problems
would be the same over all the devices except Split



Slider since the inputs for value and uncertainty
were separated.

R4 Easy finalization. The participants needed easy
finalization of inputs. With all designs, users needed
another input interface (e.g., button) to finalize
their value and uncertainty input. With Expandable
Dial or Split Slider, the participants were able to
take off their hands from and then finalize their
inputs. However, the springs on Pinch Dial and
Expandable Slider forced them to hold the devices
while finalizing inputs.

OBSERVABLE UNCERTAINTY.

R5 Visual feedback. The participants liked that Split
Slider’s thumb intervals give clear visual feedback
on the uncertainty. In general, all the dials did not
have clear visual feedback on how much uncertainty
was expressed (e.g., whether Pinch Dial was 50%
open or 60% open).

R6 Force feedback. Participants also liked that Pinch
Dial and Expandable Slider give force feedback on
uncertainty. They mentioned that using pressure for
certainty feels intuitive. However, it was unclear to
them how much pressure represents which amount
of uncertainty. This requirement seems mutually
exclusive with the easy finalization since the springs
can give force feedback and also cause unwanted
movement of the openings/thumbs. Also, even
though Pressure Dial gave force feedback, the upper
button’s travel distance was too short. Hence, the
participants could not feel the force feedback was
proportional to the travel distance.

SUPPORTING STATISTICAL KNOWLEDGE.

R7 Supporting both experts and novices. The
participants liked that SplitSlider can express
statistical knowledge and support both expert and
novice users. The other designs could only express
the amount of uncertainty without statistical
distribution.

Conclusion and Future Work

In this article, we contributed to communicating input
uncertainty by extending the input space of traditional
TUIs. We believe our work bridge the field of
uncertainty and tangible interfaces, can open many
interesting research questions. We explored the design
space and implemented low-fidelity prototypes. Lastly,
we derived design requirements for uncertain input
TUIs. For future work, we are interested in developing a
working prototype and evaluating its ability to support
more precise uncertain input, comparing with
alternative input methods. We also wish to evaluate
and refine the design requirements and investigate how
to resolve conflicting design requirements (i.e., force
feedback and easy finalization).
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