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ABSTRACT
Animal-computer interaction is a quickly growing field in
computer science however unlike HCI, there are no tools
to ease interface development for its users, increasing over-
head. Here, we present the beginning of a toolkit created
specifically for animal interactions.We implement a gesture-
based interface, a slider, as it is highly configurable in shape,
colour, and feedback allowing it to be as simple or complex
as desired. The resultant interface can be in any shape, pro-
vides 20 run-time configuration options, and collects usage
data for qualitative analysis. The toolkit reduces the effort
needed to build gestural animal interfaces for research or
everyday use.

CCS CONCEPTS
• Human-centered computing → Touch screens; User
interface toolkits;

KEYWORDS
Touchscreen; Toolkit; Virtual User Interface; Animal Com-
puter Interaction

1 INTRODUCTION
An increasing subset of the animal kingdom is being evalu-
ated in interaction studies as the Animal-Computer Interac-
tion (ACI) field grows. However, existing interface design
tools are understandably designed for human interaction
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imposing hard constraints on interfaces based on Human-
Computer Interaction (HCI) research [13]. Thus when mak-
ing an animal interface, designersmust choose to either heav-
ily modify existing toolkits or build interfaces without aid.
Animal interfaces have the added difficulty of accurately
quantifying interface efficacy without being able to survey
participants. These added complexities cause interface and
interaction researchers to eschew complex interactions and
as a result, most animal interfaces have simple single-touch
interactions [1, 4, 8, 11, 12, 15, 16]. Here, we hope to provide
a tool that is able to enhance a designer’s ability to create in-
novative interactions and automatically collect quantifiable
metrics of the interaction.

Although the interactions in them are simple, recent ACI
studies expose important design considerations for animal-
centric interfaces. First, animal eye physiology affects inter-
face experience as the visible colour spectrum often differs
from that of humans. This disparity between human and an-
imal vision can cause seemingly separable elements to hu-
mans indistinguishable to animal participants. In effect, a de-
signer must design as if they are creating for the colourblind.
Second, interface designers need to be cognizant of how the
animal naturally interacts with the world. In touchscreen
studies, animals often use their snouts to interact causing
them to be close to the screen. This reality invalidates many
human design principles that assume the user is at a com-
fortable viewing distance. Finally, designers need to account
for the varying size of animals that will use the interface. In
humans, this is not so much of an issue as overall design-
ers can expect most ages to be dexterous with their digits
when using touchscreens. However, with animals, age and
breed can cause the scale of an interface to vary wildly be-
tween species participants as the interface elements all need
to be reachable by the animal’s snout. These considerations
were all discovered by interface evaluations made possible
by careful observation and analysis of collected metric data.

Interface evaluations are necessary to quantitatively mea-
sure the experience and efficacy of an interface. Animal stud-
ies cannot use qualitative measures that HCI studies use,
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but methods for indirect evaluation from HCI can be modi-
fied for use with animals [5]. In both HCI and ACI it is still
an open question as to what the optimal set of metrics are
for sufficiently quantifying interfaces and it is unlikely that
they will be the same across species. Advanced metrics like
gaze tracking or user pose analysis may provide greater in-
sight [9], but thorough analysis of touch and temporal met-
rics seem like a good predictor of experience.

Wigdor andWixon describe in their text the primitives of
interfaces and how they can differ between hardware [13].
We propose that not only do interface primitives differ be-
tween hardware, but also between species. In ACI, single
touch interactions are regularly used likely because the dif-
ference between the human and animal interface is minimal
and thus easier to identify optimization for animals. Gestu-
ral interfaces, on the other hand, require a more nuanced
look at what gestures are natural for an animal to make,
and it is unclear if the preference is at all the same as hu-
mans.These kinds of studies require many iterations, which
when hampered by constrained design tools require more
resources. Thus, a slider interaction is chosen for the pilot
interface primitive in an effort to accelerate animal gesture
studies.

Compared to discrete interactions like buttons, a gestural
interaction can allow for more informative and natural in-
terfaces. Creating an animal-centric gesture interface is dif-
ficult though because traditional design tools constrain ges-
ture inputs to those known to work well for humans. These
constraints make designing a good human interface easier
but hamper efforts to create innovative interfaces for non-
humans. When we relax the constraints, the slider’s large
number of configuration axes are revealed.This high dimen-
sion of configurability increases the space of possible inter-
actions well beyond that of other elements and makes ges-
ture studies easy to iterate on.

The major contributions of this paper are as follows:

(1) Present a toolkit made for animal interaction design
(2) Implement an interaction that is largely unexplored
(3) Illustrate usefulness with use cases

2 RELATEDWORK
In the field of HCI, much research has been done into how
interactions can be made more intuitive to the user [2, 3]. In-
tuitive use of products here is defined by Blacker and Hurti-
enne as using products utilizing knowledge gained through
other experiences. This, they argue, means that intuitive in-
terfaces need features the user has encountered before. This
makes it especially difficult to design for animals as the hu-
man and animal experience differ greatly. Thus, following
standard practices in interface design likely creates an inter-
face intuitive to the human designer but difficult for animals

to understand. This is why in ACI there is an effort to dis-
cover how to include the participant animals into the design
[6]. An animal’s inability to intuitively use existing human
interfaces likely led to the belief that animals are cognitively
incapable of using an interface. However, cognition studies
have refuted this belief by illustrating the reasoning skills
of species across the animal kingdom, often with digital in-
terfaces.

An important cognitive ability necessary for intuitive in-
teraction with interfaces is to reason by inference, meaning
the user is able to make an inference based on past expe-
rience. Aust et al. investigated this in dogs and pigeons by
training them on a subset of stimuli as either providing a
positive or negative reward. Then three stimuli were pre-
sented with two previously trained as negative and one un-
known. Approximately half the dogs chose the unknown
when presented with two known negatives, but were less
likely to choose unknown with a positive present. Pigeons
on the other hand overwhelmingly chose the known stim-
uli, likely indicating a neophobic nature.The results indicate
dogs have the ability to reason by exclusion while pigeons
do not [1]. Though, studies show other bird species do have
exclusionary reasoning skills [7]. The results here indicate
that not only do some animals have the prerequisite cogni-
tion to use interfaces intuitively but also that the range of
abilities within a genus can widely vary.

Another necessary cognitive skill for intuitive use of digi-
tal interfaces is the transfer of concepts. Interfaces are much
easier to approach if it represents a concept that the user
already knows. Range et al. evaluated domestic dogs’ abil-
ity to transfer their concept of a dog to a 2D interface. The
study presented images of dogs and landscapes which the
participant was meant to classify whether or not a dog is
present [10]. Vonk et al. similarly studies concept forma-
tion in American black bears (Ursus americanus) [11]. Both
studies indicate that some animals have requisite ability to
use interfaces intelligently as opposed to just replicating a
taught behaviour.

Digital animal interfaces are a good tool for cognition
studies but, as with humans, they can be used to enrich
the animal’s life. Perdue et al. designed a touchscreen en-
richment tool for orangutans in a zoo exhibit. Being that
orangutans have digits like humans, the interface required
little changes of consideration from human consideration. It
provided the animals with problem-solving tasks that when
done correctly dispensed treats [8]. This interface did not
have any gestural inputs but instead relied on single-touch
interactions. Other animals were not as simple to design
for. Zeagler et al. designed an emergency alert system to
be operated by a service dog while at home. They identified
several considerations when designing an interface for dogs.
First, larger buttons are preferable as the dog is interacting
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with its snout, making its touch points less accurate. Second,
some shades of colour visible to dogs were too close in their
vision to be distinguishable. Lastly, the animals using the
system naturally began to swipe across the sequential three-
button interface as it resulted in a faster reward [15]. This
last consideration was another motivation to implement a
gestural interface as they appear to be intuitive to dogs.

3 TOUCHSCREEN SLIDER INTERACTIONS

Figure 1: Example slider imple-
mentations created using the
toolkit.

Normally touchscreen
gestures are free-form,
requiring the user to
complete it in a single
touch and memorize
the shape. A modified
slider interface can re-
lax these constraints
by adding a specific
touch-point (handle),
a visible andwell-defined
path, and the ability
for the gesture to be
completed in multiple
touches. Here, we aim
to aid the exploration
of animal abilities in
moving visual objects
along defined pathways.
This, we hope, will
result in the discov-
ery of innovative in-
terfaces natural to the
target animal.

Concept Formation Testing
As stated before, there have been several studies into certain
species’ ability to form and use concepts on digital inter-
faces [10, 11]. Though in these cases the testing interfaces
needed to be built from the bottom up and only tested on
simple interfaces.

A study of interface element concept formation can be
carried out using a slider interface of varying shape.The slid-
ers for this case increase in complexity with the progression
of shape demonstrated in Figure 1. First, the animal would
be trained on a linear slider such as the first image in the
figure. Second, a U-Shaped slider is introduced as an inter-
mediate step, challenging the animal to apply the slider con-
cept to an unfamiliar shape but still being guided through
the interaction. Finally, an S-Shaped slider is evaluated with-
out training. Evaluation of the animal would be carried out
by analysis of the time to completion and gesture accuracy
compared to the slider path. This is a rudimentary difficulty

progression design and can have any number of steps added
in between.

Aesthetic Design Effect
Designs in human interfaces are made to encourage interac-
tion or suggest how an interface is used. It is unclearwhether
animals respond to this kind of design.This hypothesis could
be tested using a slider interface by training the animal on
a directional design and then evaluating how the animal re-
sponds to a violation of the design.

A triangle-shaped slider handle can suggest a direction
of interaction. Creating a set of slider interfaces with direc-
tional handles to train animal participants on and then eval-
uating performance on sliders violating the directionality
can aid in determining responsiveness to suggestive design.
These interfaces need largely the same metrics as before to
quantitatively analyze the effect of violating design. For ex-
ample, after changing directionality the animal’s gestures
can be evaluated to determine if they are in the suggested
direction or correctly along the slider path.

Feedback Evaluation
Exploring the efficacy of different feedback schemes is of
great importance to ACI. It is still an open question as to
what feedback animals prefer. It is even unclear if there is
any overlap in feedback optimality between species. Thus
for each animal species, a study of feedback schemes must
be carried out. Here, we describe a simple feedback scheme.
It interpolates the colour of various parts of the scene based
on the progression of a slider.This schemewill identify if the
participant responds to colour-based visual stimuli. Efficacy
of this scheme can be quantifiably measured by the time to
completion of the task and number of iterations needed to
learn the interaction. This same approach can be easily ap-
plied to other feedback methods such as tactile motors or
sound modulation.

4 SLIDER TOOLKIT
We created this toolkit to enable rapid prototyping and eval-
uation of slider interfaces with various shapes, colour pal-
lets, and feedback schemes. A configurable shape is avail-
able to allow designers to create gestural interfaces that range
from simple to complex. A modifiable colour pallet is impor-
tant as it allows the toolkit to be usedwith any animal partic-
ipant regardless of their colour vision. Finally, the feedback
mechanism is exposed to a designer to allow quick prototyp-
ing and evaluation of feedback schemes.

Slider
A slider is made up of two major parts, the handle and the
track. The handle is the main interaction point that the user
selects and drags along the track. The track is the path the
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handle must follow and determines the complexity of the
interaction.

Figure 2: Possible han-
dle configurations.

The handle’s shape is gen-
erated using equidistant points
on a circle of radius r. Figure 2
illustrates some of the handle
shapes possible with this im-
plementation. The handle also
has an outline component al-
lowing multi-coloured handles
as well as “hollow” handles,
shapes with a transparent cen-
tre. The handle can be given
physicality, which allows phys-
ical forces like gravity or mo-
mentum to manipulate it. We

believe that this will increase interest for animals by mak-
ing the interface more closely represent a real-world object.

The slider track is implemented using Bezier curves.These
are created using an arbitrary number of user-defined an-
chor points with tangents for each. The Bezier algorithm
then solves for the equation of the line between the two
points that will end with the given tangents. With the equa-
tion, the line is rendered by sampling points along the line at
a given resolution. In the toolkit, designers define the anchor
points, tangents of the points, and resolution of the track al-
lowing nearly limitless configurability. Figure 3 illustrates
curve configuration.

In the toolkit, when the curve is being drawn linear collid-
ers are placed along the outside of the slider. The distance
of these “bumpers” from the centre of the track is config-
urable, allowing varying degrees of path stringency. This
approach is taken in place of a strictly track-based interac-
tion as some animals cannot use interfaces as dexterously
as humans. Thus they are not physically able to precisely
follow the track.

Figure 3: Slider shape configuration using Bezier curves and
the resulting ”bumpers”.

Figure 5: Offline configuration menu in Unity editor.

Configuration Menus
The toolkit provides twomain interfaces by which the slider
can be configured. One displayable during run-time and one
inside the Unity editor. The in-game configuration allows
for quick changes to the interface during run-time but with
more basic, mostly cosmetic, options.The configurationmenu
in the Unity editor, on the other hand, provides more ad-
vanced options but requires the program to be stopped and
rebuilt.

The first configuration menu presents itself as a tri-bar
menu, activated using the button at the top left of the inter-
face. It allows for quick cosmetic modifications and varia-
tions to be tested. Figure 4 shows the interface and the ac-
tions available to the user. Even though it does not provide
advanced control over the interface, it allows researchers to
determine an optimal cosmetic configuration quickly.

Figure 4: Run-time con-
figuration menu.

The second configuration
menu, as seen in Figure 5, ex-
poses top-level aspects of the
slider and handle properties.
This allows the designer to
have advanced control over
the interface. Here, the de-
signer can determine several
cosmetic and functional as-
pects such as the stringency
of the track path, physical at-
tributes of the handle, and
the feedback scheme.

When building the toolkit,
it was important to make
the interface as extendable
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as possible. This way, the
toolkit would not impose constraints on design or other-
wise be an obstacle to design completion. The toolkit allows
extensibility through the ability to have user-defined func-
tions execute as the slider percentage changes. This elimi-
nates the need for a designer tomanually change the slider’s
source to implement custom behaviour or constantly poll a
slider value. Thus, this can greatly reduce the overhead for
custom slider behaviour customization.

Usage Data
In both HCI and ACI, the collection of usage data is impor-
tant to understand how an interface is used. This is even
more important in ACI as this is the only way that interface
effectiveness can be measured. In this toolkit, usage data is
collected with a focus on touch events as they have been
useful in the past [14].

Each touch interaction is collected into a vector. The sys-
tem logs when a touch event starts, the path it follows, and
when it ends. All touch events are logged, meaning multi-
touch interactions are also logged. The path points are col-
lected at a fixed sample rate and not at each frame. This is
done to avoid a variable frame rate from weighing the data
incorrectly. The touch events collected by the system can
then be analyzed by the designer.

In addition to touch events, trial data is logged. A trial
here is defined as the configuration and events collected be-
tween the start of the slider handle movement and its com-
pletion or termination. With the high amount of configura-
bility at run-time, manually keeping track of all configura-
tions could be difficult. As such, the slider configuration is
encoded and saved for each trial. Each trial log includes the
start and end-time. A trial is automatically marked termi-
nated when the slider enters the end state, but can also be
manually terminated. If the end state is reached the trial is
marked as a success otherwise it is marked as a failure.

5 DISCUSSION AND CONCLUSION
The toolkit that we have created can significantly reduce
the interface iteration overhead when designing gestural in-
terfaces for animal users. We accomplish this by providing
designers with tools to quickly prototype and obtain usage
metrics for analysis.

Similar to existing interface design tools, this toolkit hides
the complexities of implementation from the designer and
instead provides functionality and variables through a sim-
ple programming interface. By doing this, creating an animal-
focused interface is simplified greatly. The toolkit also en-
courages expansion through exposing events and variables
of the slider, allowing any number of novel interactions to
be built upon it.

In addition tomaking an interface easy to build, it reduces
the overhead of iterative changes. Determining animal spe-
cific aesthetic choices for interfaces is time-consuming, es-
peciallywhenworkingwith a species for the first time. Here,
we allow aesthetic variables to be modified during run-time
to decrease the time between aesthetic iteration and provide
more opportunities for the animal to be a design participant.

Animal design participation is an important part of this
toolkit. By involving the animal in the design, we are more
likely to make interfaces that enrich the animal instead of
exploiting it. Analyzing qualitative data about the interac-
tion between the animal and the interface can expose issues
in the design that are not apparent from observation. The
toolkit collects usage data that has successfully been used
in the past to determine design errors. In this way, the sys-
tem makes animal-centric design much easier to practice.

Future Work
The toolkit only allows an interface with a single type of in-
teractive element. In the future, we hope to implement other
familiar interface elements into the toolkit with the same
level of configurability. By doing so, the task of making a
full animal interface will be easily achievable. Additionally,
the toolkit only provides the designer with raw metric data
without much context other than the time at which it was
collected. The toolkit will be expanded to display the usage
data in a more informative and actionable way.
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