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ABSTRACT

Bats are often disliked and feared by people. How might we
enable the general public to learn more about the true nature
of these creatures, and even to like them? In this paper, we
introduce PlayBat, a physical public display, which
combines a multi-modal interface, a constrained narrative
structure and real-time IoT environmentally sensed bat call
data. The aim of our research is to investigate whether
promoting curiosity and discovery through enabling people
to explore real-life data, answer quiz-like questions and
engage with a multi-modal interface, is effective at engaging
people and confronting their fears. We report on the design
process and implementation of PlayBat, and the findings
from an in-the-wild study. We discuss how tapping into
multiple senses can draw people in, evoke curiosity and even
change their views.
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INTRODUCTION

Many people have a dislike of certain animals, such as mice,
spiders and bats, despite them being harmless species. They
often see them as ugly, scary and frightening although they
have rarely encountered them or know much about them. For
example, a recent survey revealed 20% had an aversion
towards bats [12]. Often, such fears are irrational or based on
pre-conceived ideas [40,49], many of which stem from how
the creatures are portrayed in films, e.g., seeing them as
“blood-sucking evil vampires” [34]. How could technology
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be designed to enable the general public to learn more about
the true nature of such creatures, overcome their fears and
even to like them?
One approach has been to use campaign and marketing
activities as a way of changing public opinion—for example,
a number of countries have run a ‘year of the bat’ [62]
portraying bats as fun and friendly, using illustrations in
books, on mugs, car stickers, broadcasting new television
and radio programs, etc. [40,59]. Another approach is to
design interactive educational displays, that are placed in
museums, galleries and information centres, intended to help
the general public discover more about a species. Typically,
multi-media apps have been developed that enable visitors to
read text, look at images and watch videos by touching or
clicking on an interface in order to learn more about a
creature’s habitats, diet, behaviour, etc. Virtual reality apps
have also been developed that allow users to watch bats
flying around them, such as Experience Bracken Cave 360
where over 15 million Mexican bats fly out of the cave [4].
With the advent of multi-modal interfaces and environmental
sensing technologies, it is possible to go one step further by
devising a more comprehensive experience, through offering
up live recordings of the species and real data about their
presence in a location. However, simply providing ‘richer’
or more novel information for people to hear or see may not
be enough by itself. In fact, looking at masses of data in the
form of visualisations, spectrograms or the like, might even
overwhelm, or scare them more, reinforcing their fears. How
can we design both engaging and informative experiences
that can entice someone firstly to approach a novel display,
secondly to spend time interacting with it, and thirdly learn
something that makes them change how they think about
bats? In particular, how can we design for both curiosity and
confrontation? Our rationale is that curiosity can lead to
confrontation which in turn can enable people to reflect
about their irrational fears.
To this end, we designed a novel physical display intended
to be experienced in public settings. PlayBat (see Figure 1)
combines multi-modal interactions with real-time IoT
(Internet of Things) bat activity data. Specifically, it uses an
IoT wildlife data set that was being collected in a large urban
park in London, where the activity of bats is being monitored

Figure 1: PlayBat, a multi-modal device designed to spark
curiosity and to confront people’s preconceptions about bats.

for environmental purposes. This use of real-life data was
intended to encourage users to imagine where the bats are
and what they are doing in the vicinity they are visiting.
Our design rationale was that we could promote curiosity by
presenting live bat call data in a novel interactive tangible
form, combined with accompanying information presented
in the form of a quiz. To sustain interest, we also included an
overarching interactive narrative that users could immerse
themselves in. The goal was to encourage both curiosity and
discovery and in doing so instil a sense of intrigue, in this
case about bats. An in-the-wild deployment was conducted
in the urban park to evaluate how the general public
approached and interacted with PlayBat. We discuss the
findings from the study in terms of whether promoting
curiosity, discovery and imagination, through enabling
people to explore real-life data sets, answering quiz-like
questions and engaging with a multi-modal interface, is
effective at sparking interest and whether such interest could
lead people who dislike bats to change their minds.
BACKGROUND

The design of educational interfaces has been varied—
including the use of interactive installations [25], tabletops
[24], novel tangible interfaces [1,51,60,61], wearables [43],
or virtual reality [38], to name a few. Virtual reality (VR) has
also been successfully used in phobia treatments, for
example in reducing spider phobia [7,19], although further
research and standardised reporting is needed to understand
the phenomenon at scale [47]. Below, we review research on
how tangible interfaces, physical visualisations and multimodal interfaces have been designed for public use together
with relevant theories about curiosity and confrontation.
Tangible interfaces

Tangible and playful interactions have been used as an
alternative to more traditional multi-media displays for
engaging the public to reflect on something, such as an

opinion or state of affairs. Such interactions have been shown
to spark discussions and socialising. For example, in the
Mood Squeezer [18] study, passers-by were prompted to
communicate their mood by “squeezing” a coloured ball.
Aggregated data was then translated into an interactive floor
showing the overall mood in the workplace. This simple
interaction evoked reflective discussions on the organisation
and served as a catalyst for informal conversations. In
addition, Tangible user interfaces (TUIs) [28] have been
successfully used to gather feedback from the wider public
in various contexts—in one study, voting boxes were
distributed around the city of Cambridge, UK. People were
invited to answer simple questions about their local area
which sparked discussions and reflection among citizens
[35]. Other examples include VoxBox, a large physical
device, designed to be used as a playful and attractive
“questionnaire” at events [21], and Sens-Us, a set of physical
boxes that transformed paper census forms into a physical
and playful experience—both of which have been well
received by participants [20]. These examples show how
TUIs and familiar input/output mechanisms can engage
people with reflective activities, such as giving their opinion,
that may not conventionally be perceived as engaging.
Physicality has also been explored as a way to make it easier
for non-expert users to understand and engage with large sets
of data [39]. Data physicalisation uses physical artefacts to
encode data through their geometry or material properties
[30]. For example, data sculptures, augmented objects, and
ambient displays have been suggested as an alternative to
screen-based visualisations and have been shown to promote
curiosity and engagement [39].
The importance of visualising IoT data

Visualising data, digitally or physically, has one main
purpose: insight [44]. IoT networks can produce vast
amounts of data but interpreting it can be a challenge,
especially for non-expert users. Humans are generally good
at spotting patterns and trends if data is represented visually
[15] but while experts are primarily concerned with
accuracy, flexibility and performance, for non-expert users
to understand what the data means and how to make
inferences, requires transforming it into appealing and easyto-interpret representations [16,22,53]. Finding the right
balance between the level of detail provided, the type of
visual representation and interaction, and ease of
interpretation is key to facilitating sense-making. If a
visualisation does not match the user’s skills and domain
knowledge, then they can quickly lose interest [2,3].
Motivation to explore data is often tied to having an initial
question that a user wants to answer. Information foraging
theory [48] suggests that people with an information need
follow an information scent - cues that help them assess
whether they are on the right path to obtaining the desired
information. Many people, however, do not always have a
specific question in mind [8]. To make such unexpected
encounters more engaging, incorporating visualisations into
stories and narratives has been suggested as a way to

overcoming the initial barrier. Stories can naturally lead
people through a visualisation, suggesting initial questions
worth exploring or directing users to formulate their own
avenues of interest [8].
Multi-modal user interfaces

Multi-modal user interfaces take advantage of a richer
spectrum of human capabilities compared to more traditional
graphical user interfaces (GUIs). While GUIs are limited to
screen-based interactions using keyboard/mouse or touchbased input, multi-modal interfaces seek to provide a more
natural way of communication between people and
computers by engaging multiple human senses both for input
and output. In doing so it hopes to make technology more
accessible to wider and non-specialist audiences. Research
efforts have focused primarily on input mechanisms where
the aim is to recognise and interpret various combinations of
user input modes (visual, auditory, tactile) [29,46,58], e.g.
combining speech and manual pointing to manipulate objects
[6], speech and writing to interact with dynamic maps [45],
or gestures, facial expressions and speech to recognise
emotions [33]. Multi-modal output has included, for
instance, combinations of tactile and auditory feedback to
explore urban points of interest [32], visual, auditory and
tactile output to enhance and facilitate children’s play [23],
or visual and haptic feedback to display large amounts of
data in an ambient way [26]. Over fifteen years ago, Oviatt
and Cohen predicted that multi-modal systems would at first
enhance and later gradually replace GUIs in a number of
applications [46]. This is beginning to happen, especially
with the advent of smart mobile devices that recognise
multiple modes of input including speech, handwriting,
gestures and movement. Now that multi-modal technology is
here a key question is how best to combine them to enrich
the user experience. In our research, we are interested in how
to combine audio, visual and tactile, as an alternative to a
GUI-only interface, to trigger curiosity.
Curiosity

Curiosity is key to intrinsically motivated learning and is
usually described in two dimensions: (1) Sensory curiosity
requires attention-provoking changes in light, sound, tactile
feedback, i.e. sensory modalities; (2) Cognitive curiosity
builds on a premise that people are driven to form “wellformed cognitive structures” [37], i.e. structures of
knowledge that are complete, consistent, and parsimonious.
If people are confronted with a fact that their cognitive
structures lack one or more of these qualities, they tend to
seek a new balance by filling in the gaps [37,57]. Lee [36]
proposed three factors that are key to curiosity and selfdirected exploration: (1) Sociability—curiosity allows us to
naturally learn from others and through that learning creating
social bonds; (2) Embodiment—bodily exploration and
physical affordances are key to curiosity as in our embodied
nature we have learnt since early childhood to explore the
world around us with our body and senses; and (3)
Playfulness—can lower the fear of failure and support selfdirected exploration. Relevant to playfulness is also Malone

and Lepper’s concept of a tool versus a toy—they define toys
as “objects that are used for their own sake with no external
goal” and tools as “objects that are used as a means to
achieve some external goal” [37]. While tool needs to be
easy to use and create as little friction as possible, toys should
be challenging to master to intrinsically motivate a user. The
core design principles to provoke curiosity can be
summarised as: novelty, partial exposure, complexity,
uncertainty, and conflict [36,41,57].
The aim of our research was to combine a tangible user
interface with live sensed environmental data where the
interaction is driven by a narrative framework. The rationale
is to target both sensory and cognitive curiosity by designing
a physical device that is aesthetically appealing, feels
familiar, is slightly complex to master and which triggers
reflection by quizzing users. Moreover, is it possible that
adding live IoT data of this kind to the mix can provide a new
approach to evoking curiosity by its novelty and in doing so
confront people’s fears?
THE SETTING AND LIVE BAT DATA COLLECTION

The Queen Elizabeth Olympic Park in London is undergoing
a long-term regeneration programme. As part of this process,
the local council and urban planners involved, have been
investigating how to use sensing technologies and IoT to
monitor various environmental aspects, including air and
water quality. Recently, a number of bat monitors (called
Echo Boxes) were deployed across the park to detect bat
activity levels. The motivation for this new kind of nature
monitoring is that bats are considered to be a good indicator
species, reflecting the general health of the natural
environment. A healthy bat population suggests a healthy
biodiversity in the local area. The Echo Boxes “listen” to
their surroundings using ultrasonic microphones and apply
machine learning algorithms to automatically detect bat calls
in the audio and identify the bat species. To achieve this,
firstly, the captured audio is transformed into a spectrogram
image (see Figure 2) where bat calls appear as ‘hockey stick’
like shapes. Secondly, deep machine learning algorithms
scan through the spectrograms to find bat calls and then
determine the species based on their shapes. These bat
detection and species results are then uploaded and stored in
the cloud.
While ecology experts are familiar with raw data and
spectrograms, neither are suitable for presentation to the
general public. For example, spectrograms show the
amplitude of sounds across different frequencies over time
and require training to understand and make inferences from.

Figure 2. Spectrogram with ‘hockey stick’ shaped bat calls.

Instead, a different approach was chosen to represent the bat
call data that would enable the general public to both obtain
a bird’s eye view of which bats were calling and how many
bats there were in the park each night, along with the chance
to be able to hear bat calls that are normally inaudible to the
human ear.
METHODOLOGY

To understand more about people’s negative perceptions
towards bats and how these can be confronted, four subjectmatter experts (SMEs) were initially interviewed. The
following six perception-shift techniques were identified: (1)
Share surprising facts that directly affect people, e.g. ‘you
wouldn’t have tequila without bats’; (2) Show visually
appealing bat imagery (bat pups, fruit eating bats); (3) Point
out the uniqueness of bats—the only flying mammal; (4)
Remedy the myth about rabies—of 18 bat species living in
the UK, rabies was found only in one, and overall, of over
15,000 tests of bats only 15 cases tested positively since 1986
(i.e. less than .001%) [5]; (5) Highlight the economic benefits
of bats to people who are more rational (bats are important
insect regulators and pollinators); and (6) Present bats as
animals more similar to us than we think to people who are
more intrinsically motivated and empathetic (bats typically
live up to 20 years; they usually only have one baby, which
they keep close and nurture). The SMEs also mentioned that
it only took a few minutes to sway people’s opinion once
they were educated.
Based on these findings, we were encouraged to think about
how to engage and ‘sway’ people through providing them
with a multi-modal experience. A core design idea was to
present live bat call data for people to both listen to and see
as a way of enticing them to explore and learn more about
bats. To transform the raw data into a multi-modal
experience, a number of Design Principles (DP) were used.
The main goal was to make the bat call data accessible to the
general public. The principles used were a combination of
seven relevant HCI guidelines on the design of interactive
public installations, exploration and visual design:
DP 1: Provide unambiguous social and physical affordances

It has been recommended that indicating the purpose of a
public display and offering unambiguous physical and social
affordances can prevent social embarrassment [10].
DP 2: Make it fun and playful

Playfulness is considered important for promoting selfdirected exploration [36].
DP 3: Evoke intrinsically motivated learning

It has been suggested that an optimal level of challenge is
necessary to motivate people to engage in an educational
activity and to spark curiosity [37,54].
DP 4: Keep it informative and trustworthy

Using content from relevant and well-established sources
can create a sense of authority and expertise that can inspire
trust by the user [13].

DP 5: Make it look attractive and novel

Making an interface visually appealing has been shown to
attract attention, spark curiosity and motivate [36,42,50,54].
DP 6: Strive for consistency and coherence

An interface that is intuitive and consistent can be easily
navigated while decreasing the likelihood of social
embarrassment occurring [10].
DP 7: Support multi-modal output

When designing for different sensory modalities, e.g. haptic,
visual and auditory, there need to be clear affordances as to
what to do with each one or combination [17,20,21].
Designing the PlayBat multi-modal system

Various multi-modal content types were explored to include
in the system for three senses: (1) Sight—bat data
visualizations, videos, photos, information presented
visually; (2) Hearing—bat sounds, videos; and (3) Touch—
physical models of bats. These were combined with
narratives that were developed with the goal of educating
people and changing their perceptions about bats. The
narratives were integrated with the IoT data and the different
multi-modal content types to create a coherent experience.
Inspiration was drawn from the field of data stories and
narrative visualisations [8,27,55]. The idea was that the
whole educational experience would be approached as one
large narrative divided into smaller, relatively independent,
story units. At the beginning of the main story, the
educational content would be suppressed in order to entice
and engage people through the use of interactive activities.
Then gradually, other educational elements would be added.
A three-stage approach was used to design and develop the
PlayBat multi-modal system. To begin, we focused on how
best to visualize the live bat data, then the narrative and then
the physical installation itself.
(i) Visualising the bat call data

The first stage of the design process involved working out
how to represent the raw live data being collected by the IoT
system in the park. From the bat call data collected, it was
clear that the range of calls captured by the 15 separate
sensors in one night could differ by an order of magnitude,
with one of the sensors being particularly active (thousands
of calls per night), while others would only capture dozens,
hundreds or no calls. To visualise such scattered data,
multiple ways of data physicalisation were explored, e.g. air
flow, light, water, vibration, or mechanical movement (see
for example [26]). A map of the park in which the sensors
were placed was chosen as a base for the visualisation to
provide context and the following criteria were applied to
select the most promising concept: representation accuracy,
potential to evoke intrinsic motivation to explore the data,
visual appeal, and feasibility. The concept in which data is
clustered and represented by different colours was selected
(Figure 3). Although the colour representation does not offer
the most accurate readings [14], it removes the physical
limitations of displaying very variable data, and more
importantly, such data abstraction presents a mild

interpretation challenge. Such a challenge could evoke
intrinsic motivation to explore the data, especially when
combined with appealing aesthetics of the colour
representation. In addition, this solution is less expensive and
easier to build than movement-based representations.

less; No; I’m not sure]; (3) How enjoyable was your
experience with this device? [Very enjoyable; Somewhat
enjoyable; Neutral; Not very enjoyable; Not enjoyable at
all]; (4) How easy or difficult was using this device? [Very
easy; Somewhat easy; Somewhat difficult; Very difficult].

We made a decision not to interpret the data for the public
but rather to use it in its raw form so as to let them devise
their own ideas about what the changes in bat activity could
be caused by, which could further promote curiosity and
spark discussions. To enable the user to interact with the data
a simple slider controller was added to select ‘last night’ and
backwards for the last 10 days. The small LCD display above
the slider shows a date and a cumulative number of all calls
in a given day. Next, we describe how the narrative was
designed.

Below we present a description and rationale for the
introduction and each story unit:
Introduction. To provide context and to entice people to
engage with the device, the first screen introduces the device
as a way to listen to bats (“We can now listen to bats in the
park—and you can too”), it also gives a hint on how to use
the device and tells users that the experience will take
approx. 5 minutes. Then, users are asked to gauge their initial
opinion on bats through an embedded questionnaire and are
shown information about the Echo Boxes.

(ii) Designing the interactive narrative

Key to devising the structure that would evoke curiosity and
entice people to learn more were the SME interviews and
literature review; these highlighted the need to remedy myths
and misconceptions, raise awareness about the benefits of
bats, communicate surprising facts, and introduce the
benefits of conservation efforts. Relevant information was
gathered from well-known and trustworthy sources,
primarily bat conservation organisations, and combined with
rich multi-media and multi-modal elements. The whole
narrative was then framed with an overarching theme of
listening to bats through the novel data stream. The language
and tone of voice used throughout the story were
conversational and friendly to further promote playfulness
and to make the device feel more approachable and less
educational. In a series of iterations, the main storyline was
developed starting with a brief introduction to the project and
the experience, and followed by a series of six story units.
Each story unit (SU) is introduced by a quiz question (Figure
4) which serves several purposes: (1) It challenges users and
sparks curiosity; (2) If not answered correctly, it highlights
effectively a gap in the user’s knowledge and intrinsically
motivates them to find the answer in the content that follows;
and (3) It makes the experience internally consistent as all
SUs are introduced by a quiz question. After a quiz question,
there are between one to three content screens for each SU
depending on how much relevant content needs to be
covered. To further understand perceived enjoyment and the
level of learning, five survey questions (SQ) were embedded
into the story flow. At the beginning, users were asked to
describe their initial attitude towards bats: Before we start,
could you please tell us honestly what is your opinion on
bats? [I love them; I like them; I don’t know; I dislike them;
I hate them].
After an interaction, four further survey questions were
posed to see whether a user’s opinion had changed after
using the device. These and the choice of answers were: (1)
Have you learnt something new about bats today? [Yes; No;
Not sure]; (2) Has your opinion on bats changed a little bit
after this experience? [Yes, I like them more; Yes, I like them

Figure 3: Bat activity data visual representation. Different
colours represent the intensity of bat calls.

Figure 4: An example answer to a quiz question displayed at
the beginning of Story Unit 1.

SU1: Listen to bats in the park. The first story unit allows
users to listen to sounds of a common British bat, which were
slowed down approximately 10 times to be audible to human
hearing. A video of a relevant spectrogram is shown to evoke
curiosity and to give more context to the sounds. Later a
high-level explanation of the technology used in the park is
explained. The assumption was that not many people would
have heard a bat before and would thus find such opportunity
intriguing. Having started with a playful experience, we
hoped that users would be motivated to explore other story
units.
SU2: See how bats move around the park. The second story
unit encourages users to explore the interactive map with bat
activity data (Figure 3). To further promote discussions
around the data, several examples of what factors affect bat
activity, in general, are shown.
SU3: Bust myths about bats. There are a number of
misconceptions surrounding bats and here we select the ones
that most contribute to the negative views according to the
SMEs interviewed. These include: bats are blind; they get
tangled into people’s hair; they are ugly and scary; all bats
carry rabies; they suck blood and attack humans. We
dispelled all of these by providing relevant evidence
accompanied by appealing bat imagery and later a video clip
from a popular movie is included to show how we may be
influenced by misconceptions presented in films.
SU4: The benefits of bats you didn’t know about. To confront
the view of bats as not being important, we present them as
important pollinators and pest controllers. Some bat species
pollinate a number of popular crops such as cocoa, bananas
or agave, other species consume large amounts of insects.
We also explain how echolocation works and we share some
interesting facts about the life of bats to build empathy, as
bats are in some ways similar to humans.
SU5: Meet the most common UK bat. To engage the touch
modality through tactile learning, in this SU, we briefly
describe the most common British bat (a common pipistrelle)
and offer the opportunity to touch a life-size physical model,
which was laser cut and adhered to the physical installation.
Here we challenge the view of British bats as being large
animals people should be afraid of—they are generally very
small. Users can also listen to slowed-down sounds of a
pipistrelle locating its prey and watch a related spectrogram
to get a better understanding of how echolocation works in
practice.
SU6: Two reasons why bats are endangered in London.
Here, the conservation topic is touched upon as according to
the UK bat survey [12], only 3 in 10 people know bats are
legally protected. Bats are endangered in London due to
development works and loss of habitat. In this SU, we also
refer back to the new sensors as of a way to monitor bat
populations which should help researchers better understand
how human actions affect bats in London.

Next, we describe the process of designing the physical
installation.
(iii) Designing the physical installation

The device was developed using three design iterations: (1)
Low-fidelity paper prototype; (2) Medium-fidelity
implementation prototype; and (3) High-fidelity integration
prototype. The usability of each prototype was tested with 3
to 4 prospective users from the target audience recruited
through convenience sampling.
We started by exploring the ways users could control the
narrative flow. To select the most suitable input mechanism,
the Design Principles were followed and five criteria
applied: (1) User familiarity with the input mechanism—
intuitiveness; (2) Playfulness; (3) ‘Attractivity’; (4)
Robustness; and (5) Feasibility. Illuminated ‘arcade’ buttons
were selected as they represent a familiar and playful input
mechanism with clear and unambiguous affordances. They
can lead users effectively through the experience by lighting
up actions which are enabled, and they are physically robust.
The conceptual model of an arcade machine was also
adopted in the design, as it supports both the button-based
input and multi-modal output.
We designed PlayBat following the Design Principles, with
an emphasis on sparking curiosity—our assumption was that
by including strong physical affordances, such as
headphones or arcade buttons, that are conventionally
connected to play and casual activities, and by designing the
device to look attractive, the participation threshold and fear
of social of embarrassment would be lowered and passers-by
would be intrigued to explore the device.
The final prototype, PlayBat, can be seen in Figure 1. It is
comprised of five main components: (1) A set of 17
illuminated buttons and a volume potentiometer divided into
four sections—story unit selection, flow control, quiz
answers, audio/video controls; (2) A large 15.6” screen
displaying text, quizzes, images and videos; (3) An LEDbased interactive map of the bat activity in the park
controlled by a physical slider and accompanied by a small
LCD screen showing the date and a cumulative count of bat
calls on a selected day; (4) Bat acrylic cut-outs, of which the
largest is a life-size model of the most common British bat;
(5) A pair of quality headphones which allow for nondistracted listening even in a noisier public space.
Additionally, a large sign was positioned at the top of the
machine inviting passers-by to “Eavesdrop on bats in the
park”. The whole device is controlled by an Arduino Mega
2560 and an UpBoard running Processing on Windows 10.

Figure 5. Left—A popular bumper sticker from the 1980s
[40]; Right—The final pin badge design.

To motivate users to finish the experience and answer the
embedded survey questions, a reward was provided. With a
limited budget and the intended target audience being
families, pin badges were chosen (Figure 5). The intention
behind the design of the badge was to create something
aesthetically pleasing so that people would be intrigued to
wear it. The design was inspired by a popular 1980s bumper
sticker, which promoted bat conservation [40]. Badges were
hidden in a box next to the device and users were only
directed to it when they reached the final screen.
EVALUATION: IN-THE-WILD STUDY

An in-the-wild study was conducted to assess how the
general public approached and engaged with PlayBat. The
system was deployed for 3 days in a café located in the
London park where the bat sensors were already deployed.
Three evaluation methods were used to assess user
behaviour: (1) Passive observation; (2) Intercept interviews
(n = 28); and (3) Data logging of the device usage.
Participants were not actively recruited, and only modest
signage informing about the research was placed next to the
café entrance. Verbal consent was obtained for each intercept
interview and a summary of an interview was written down
immediately after it ended. Interactions and interviews were
not videotaped as it was a public setting. Observation notes
and interview transcripts were analysed in NVivo 11
following the thematic analysis methodology [9] using
grounded theory methods of open coding and memoing [11].
We also did not ask users directly after using PlayBat as to
whether they had learnt something new. This approach was
taken in order to prevent people from simply saying they had
learnt something so as not to embarrass themselves or to
satisfy the researcher. Instead, we used the log data from the
survey questions at the end of the interaction. The device
recorded a time-stamped log of every button press, slider
movement and every screen displayed.
The device was installed on a dining table approximately
three meters from the main entrance. Each day, the most
recent figures from the live bat data stream were manually
updated in the Arduino program and related figures changed
in the dedicated quiz question.
FINDINGS

PlayBat was used by 232 people in total during the three days
in 127 interactions (an interaction is defined as the time from
someone approaching the PlayBat to leaving it). Visitors
seemed engaged and used all the multi-modal features. In
46% of interactions, a single individual used the device; in
54% of interactions, PlayBat was used by a group of people.
Groups ranged in size from 2 to 5 people (M = 2.5, SD = 0.8).
The device was used mostly by young families (35%
interactions), followed by children by themselves (32%),
adults (22%) and teenagers (11%). In total, the device was
available to use for nearly 20 hours—during this period
direct interactions accounted for 8 hours and 33 minutes
which means that the device was in use for 45% of the
deployment time.

Observer

Prototype

Figure 6. The in-the-wild study setup.

A number of young children repeatedly or randomly pressed
the buttons. These interactions were excluded from our
analysis (identified using time-stamped observation notes)
ending up with a total of 158 sessions analysed (a session
refers to the logged time recorded, from pressing the start
button to either restarting the device or to finishing the
experience). Of these sessions, users in 62 of them (39%)
reached the final screen to unlock a surprise. Users visited all
six story units in 33 sessions (21%). Session durations ranged
from 6 seconds to 15 minutes (MEAN = 173s, SD = 169s).
There were 28 sessions lasting between 3-5 minutes, 23
sessions lasting between 5-10 minutes, and 4 sessions lasting
longer than 10 minutes. Survey data from 89 sessions were
collected on the last day (technical problems prevented them
from being analysed for the first 2). Of those, 28 surveys
were completed in full, i.e. all five survey questions were
submitted. Below, we present the detailed findings in terms
of what interactions took place during a session.
Data analysis

Overall, most of the 28 people who were interviewed after
using PlayBat said how engaged and focused they were. The
quizzes were also mentioned as highlighting knowledge
gaps, making them curious to know what the correct answers
were. They also mentioned how they enjoyed discovering
corrected myths and misconceptions: “The misconception
section was really interesting actually.... You grow up with
those things being told to you and you don’t realise they may
not be true, like that they’re blind or they tangle into hair,”
(I119). Another person noted: “I learnt so much. I didn’t
know about the rabies, they just tell you all the time that all
bats carry rabies, and I didn’t know they were this small! In
movies, they are always like this big [spreads her arms about
70cm] and they are really tiny,” (I019). Some people shared
specific data they learnt: “I learnt that there are 18 kinds and
they are protected since 1981 [smiling],” (I007).
Hence, the narrative approach adopted with the fun quizzes
was successful at provoking curiosity. There was also some
change in the final questions: suggesting that for a few
people this led to confrontation about their fears and
prejudices that made them reflect and possibly rethink them.
Of 28 completed surveys, eight respondents were initially
apathetic or negative towards bats. Figure 7 shows that over
half of the participants said that they love or like bats. This
is in contrast to earlier survey findings showing significantly
less. However, despite more people saying they liked them

to begin with, 71% stated they liked bats more (Fig. 8) after
interacting with PlayBat. Additionally, 93% (26 users), who
finished the survey, stated they had learnt something new.
Many people were surprised that it was possible to make the
bat sounds audible to humans: “I didn’t know we can slow
the bat sounds down, so that was the first time I could hear
bats, that was amazing,” (I034). One participant shared his
revelation about bats being present in the park: “You don’t
realise that there would be that many animals in the park,
especially when it’s kind of artificially constructed here, so
yeah that was quite eye-opening, actually,” (I045). Even to
people who were more familiar with bats, the experience
offered something new to learn: “I thought I knew
something, you know, but clearly, I was wrong. I didn’t know
they were pollinators,” (I070). Many people also pointed at
the photos of the bats they saw on the display and smiled
suggesting that their views of bats as being “ugly” were
being positively challenged.
One participant summarised the multi-modal experience in
the following way: “We really learnt a lot about bats,
hearing them and touching the models, then having the
quizzes, it was just really excellent […] I actually didn’t like
bats too much but now I quite like them,” (I023). The bat cutouts also engaged people and made them learn. Many
children, as well as adults, touched the cut-outs, especially

the largest one (the life-size model)—sometimes they
compared its wingspan to the size of their hand, and in
several cases, parents showed it to their children saying:
“Look, that’s how big the bat really is,” (I037).
Below we describe the findings in terms of a set of themes
related to the multi-modal design principles used that helped
us to analyse further the user experience in terms of curiosity
and confrontation. These were: The lure of multi-modal
design; How curiosity sparks discussions; Interactivity,
playfulness and engagement; Multi-modality and
collaboration; The role of physical affordances and
interaction; and Context and the quality of interaction.
The lure of multi-modal design

Most people passing by PlayBat noticed it immediately,
often pointing at it and passionately exclaiming: “Oh, I love
that!” (I069), “Bats, oh wow!” (I103), “Wow, that’s nice,”
(I111). Neither adults nor children hesitated to interact with
it. After catching sight of it, they instantly approached it,
changing their immediate plans. Children were more
proactive in this regard and often drew their parents in. A
participant (I119) mentioned about his son: “He got
attracted by it right away, I mean, it looks amazing.” Several
families took pictures of their children posing with the
device. A number of people (12%) even queued to use the
device, waiting nearby, watching the current users and then
approaching PlayBat immediately as it became available.
Some people (predominantly adults) showed interest in the
device, looked at it closely but then walked away. When
asked why they decided not to interact, the most common
answer was that it required a time commitment: “Just busy
doing other things, it looks really interesting but I don’t have
time for it,” (man, 60+); “I’m not sure I have time for it,”
(man, 30-40).
How curiosity sparks discussions

Figure 7. Embedded survey question results—user opinions
about bats before using PlayBat.

Figure 8. Embedded survey question results—user opinions
about bats after using PlayBat.

Several design elements appeared successful at sparking
curiosity and consequent discussions. The most prominent in
this sense was the interactive map featuring the bat call data.
Most people pointed at the map and used the slider
repeatedly to discover patterns. If they were in a group, they
then started discussing together what could be causing the
changes in bat activity, for example: “Ah that’s really
interesting, they [the bats] seem to be around the café quite
a lot, that probably makes sense because it’s much quieter
here [compared to the rest of the park where there are a
stadium and other attractions]” (I037). Sometimes, parents
would guide their children to understanding the map: “Oh,
look at last night, that seems busy here,” (I075). Showing
where the users currently were in relation to the map helped
to contextualise the experience. For example, one person
said: “I tried to understand where there are most of the bats
and how they move around, and then I thought ‘where are
we actually?’ and I saw it on the map,” (I006). Also,
displaying the latest data from previous nights was perceived
positively: “What’s also great is that the data is real-time,
like, being able to see what happened last night and the

nights before, that’s just amazing” (I023). However, one
person mentioned that the visual representation did not help
him to understand the changes represented in bat calls: “You
understand the colours represent the number of calls but it’s
not very easy to follow, to really understand it.” (I057). He
did not want to have a guess himself as to why there was
more or less bats in a location whereas many of the other
users did.
Another feature that made people curious were the quizzes
introducing each story unit. People often spent a few seconds
thinking before answering the questions and cheered or “fist
pumped” when they answered correctly. If they answered
incorrectly, they became curious and motivated to search for
an explanation in the content that followed. It was also
apparent that participants got curious when they reached the
final screen and were prompted to open the box next to the
device to discover a “little surprise”. Almost everyone who
opened the box then smiled and some children shouted for
joy: “Oh! ‘I love bats’ badge!” (I051), “Oh my god, it’s a
bat badge!” (I079). For one participant, opening the box
evoked anxiety: “At first, I was a bit afraid to open the box
[smiling], I didn’t know if there would be a dead bat or
something [laughing],” (I003). Many children, as well as
adults (17%), put the badge on their clothes instantly.
Interactivity, playfulness and engagement

People often smiled or laughed when interacting with the
controllers of the PlayBat device. Many put the headphones
on to listen to the bat sounds: “The sounds were very cool—
I think it was a pipistrelle the sound of it, it was quite high
and really nice” (I021). There were many cases where
parents would guide the experience to find the bat sounds and
then get their children to listen to it: “Can you hear the bat?
It’s interesting, isn’t it?” (I071). Children also commented
to their parents about the sounds: “Dad, you can hear bat
noises on this, it’s really cool,” (I098). Two people
mentioned they would want to hear more species.
A few people were curious only to hear what a bat sounded
like. They pressed the Listen to bats button straight away,
then they asked their children if they could hear something.
One person wanted to know what a bat sounded like and then
left: “I just thought it would be too much effort to get to
something interactive. I just wanted instant gratification, just
to hear the bat,” (I072). However, most people explored the
interface, pressing the buttons to go through the story units
as designed.
Multi-modality and collaboration

The device enabled groups to collaborate when interacting
with the PlayBat in a number of ways. This resulted in
discussions, reading aloud and commenting on what they
were seeing, hearing or touching. Most commonly, people
shared the control panel while reading what was on the
screen aloud to their partner, children or the rest of the group.
Parents often guided the experience for their children but let
them answer quiz questions and press buttons. Parents were
not the only guides, however. Sometimes a child who had

already used the device would bring parents or other children
and proudly show them how to use it.
Groups of people almost always took turns in using the
headphones. This created many subtle cooperative
interactions, for example, a boy would take the headphones:
“Let me go first”, while a girl would be asking him: “Can
you hear bats?” (I049). Sometimes, however, it made the
person who could not wear the headphones unengaged or
restless, waiting for their turn. Some couples even tried
sharing the headphones.
The role of physical affordances and interaction

It was clear from the observations that the users enjoyed
touching aspects of PlayBat and seeing things change when
moving the slider controller. Young children (under 6 years),
who could not read the text on the screen, still had an
engaging experience; as evidenced by them touching the bat
cut-outs, randomly pressing buttons, listening to the bats,
moving the slider and rotating the volume knob. Parents
would help explain or read aloud what they were seeing on
the screen—in so doing it became very much a joint
engagement. The bat cut-outs were also popular; challenging
people’s views on how big British bats really are. This shows
that a very simple and cheap tangible interaction can convey
important information.
Context and the quality of interaction

Several external factors made users stop using the device
before they had completed all the narrative units. In 13%
cases, people went to get food or drinks from the café.
Parents sometimes left their children at the device while they
were getting food but called them when it was ready,
summoning them to join them at a table. On a few occasions,
parents left the café, asking their children to join them
outside. Such abrupt disruptions were often negatively
received by the children—they refused to leave the device
and their parents had to call them repeatedly (10%). Some
children, as well as adults, used the device repeatedly (18%).
This was either to experience it again or to continue where
they had left off.
DISCUSSION

As can be seen from the largely positive feedback and
observations of PlayBat being used in the park, the device
was successful at engaging the public. We were interested in
whether by exploring the real-life bat data and answering
quiz-like questions, visitors were able to learn more about
bats that could also change their views about bats. Most
people followed the narrative and completed all the quizzes
while trying out the other multi-modal aspects (e.g. touching
the laser-cut bat model, listening to the bat calls and
interacting with the bat data). This suggests having a varied
interface and different activities is able to sustain user
interest throughout—something that can be difficult to
achieve in museums where dwell time at each exhibit can be
considerably less [25,56]. Having a constrained narrative
structure that was easy to follow—a set of sequenced pages
and quizzes together with discovery-based activities that the

visitor could readily switch to and back from—also enabled
the visitors to determine and be in control of their own
experience, and in doing so make connections between what
they were hearing, seeing, touching and exploring.
Moreover, the bat IoT data appeared to become part of the
larger narrative—by being embedded in the interactions.
People spent considerable time interacting with the bat call
data interspersed with following and answering the quizzes
in the various story units. Hence, the multimodal interface
was also able to trigger and sustain curiosity as evidenced by
the comments made, return visits and conversations among
groups of visitors, and the length of time spent looking at the
data visualisation.
Our decision to focus on bats was motivated by previous
surveys showing how many people are fearful of them.
However, we were surprised to find that many of the visitors
who came to the PlayBat installation said they liked and even
loved bats. This bias in our visitor sample may have been
because those who interacted with the display were attracted
by the bats embedded in the installation, which could be seen
from a distance. But this is likely to be the case for all public
installations when it is entirely up to the visitor to decide
whether to approach an exhibit. One way to attract a more
diverse audience is when school parties and other groups are
invited to all have a go (cf. [31]). The data that was collected
by PlayBat indicated that a large number of users had slightly
or significantly changed their opinions—from negative to
positive and from positive to even more positive. This in
itself is very promising as it suggests that having both
‘hands-on’ and ‘ears-on’ experiences about a certain topic or
issue can facilitate reflection on people’s current level of
knowledge and enhance or confront their views. Future
research could explore when there is a greater change in
perception from negative to positive—be it for bats, spiders,
snakes or even more generally, other topics where it is known
people have strong negative dislikes (e.g. eating green
vegetables).
Interacting with a simple ‘bird’s eye’ map visualisation of
the bat call data, that visitors learnt was actually collected in
the park, was also considered to be an effective way of
facilitating curiosity. After using PlayBat, they could then
return to the park and look out for the Echo Box sensing
boxes that were visible on the lamp posts they were attached
to. This form of indoor-outdoor connection also enables
initial interest in what is being presented on a display to be
extended further outside rather than stopping once they had
moved on from the installation (cf. [52]). This suggests that
there might be more opportunities for other public STEM
learning to be brought alive; such as citizen science,
information centres in national parks and museum settings,
where sensed data about some aspect of the environment is
being increasingly collected. However, we suggest that
simply presenting the data in the form of ‘scientific’
visualisations may make it too difficult for non-experts to
make sense of. That is not to say that these kinds of ‘expert’
representations should not be presented but that they should

sit behind or besides more accessible and interactive
visualisations.
CONCLUSION

PlayBat was designed as a new form of multi-modal
interface intended to evoke curiosity that could lead to
challenging people’s perceptions of a generally disliked
species—bats. A combination of provocative quizzes and
playful interactions was able to sustain people’s curiosity and
interest long enough to convey information that could
challenge and even change their opinions. Our approach
shows that the combination of a tangible interface, physical
visualisation, familiar input mechanism and multi-modal
output and the opportunity to explore actual bat call data
collected in the park where the installation was located, can
intrigue and engage people across a range of ages. In doing
so, we were able to create an indoor-outdoor connection
which allows visitors to relate the data they have seen in an
installation with what they can see outside. Our findings also
suggest that presenting this kind of Big Data in an accessible
and playful physical form can promote much exploration of
it. In sum, PlayBat has shown how it is possible to combine
a novel multi-modal interface with real-time sensed data
about a species, previously not available, to create a new kind
of informal learning experience that can make people reflect
and even confront their irrational fears.
ACKNOWLEDGEMENTS

This research was partially funded by ICRI Cities. We would
like to further thank Ben Edmonds (London Legacy
Development Corporation), Joe Nunez-Mino (Bat
Conservation Trust), Alison Fairbrass (UCL), Charlotte
Chivers (University of Bristol) and our colleagues from UCL
Interaction Centre for their valuable feedback throughout the
development process.
REFERENCES

1.

Shinsuke Akabane, Johnson Leu, Ruri Araki, Emily
Chang, Saori Nakayama, Hayato Shibahara, Madoka
Terasaki, Susumu Furukawa, Masa Inakage, and
others. 2010. ZOOTOPIA: a tangible and accessible
zoo for hospitalized children. In ACM SIGGRAPH
ASIA 2010 Posters, 31.

2.

M Balestrini, T Diez, P Marshall, A Gluhak, and Y
Rogers. 2015. Community Technologies : Leaving
Users to Their Own Devices or Orchestration of
Engagement? EAI Endorsed Transactions IoT 1, 1:
1–11.
https://doi.org/10.4108/eai.26-102015.150601

3.

Mara Balestrini, Paul Marshall, and Tomas Diez.
2014. Beyond boundaries: The home as city
infrastructure for smart citizens. In Proceedings of
the 2014 ACM International Joint Conference on
Pervasive and Ubiquitous Computing Adjunct
Publication - UbiComp ’14 Adjunct, 987–990.
https://doi.org/10.1145/2638728.2641557

4.

Bat Conservation International. 2016. Experience

Bracken Cave 360. Retrieved January 6, 2018 from
https://youtu.be/8KZi7KsWWHs
5.

6.

Bat Conservation Trust. Bats and rabies. Retrieved
January
6,
2018
from
http://www.bats.org.uk/pages/-bats_and_rabies1099.html
Richard a Bolt. 1980. “Put-That-There”: Voice and
Gesture at the Graphics Interface. In Proceedings of
the 7th annual conference on Computer graphics
and interactive techniques - SIGGRAPH ’80, 262–
270. https://doi.org/10.1145/800250.807503

7.

Stéphane Bouchard, Sophie Côté, Julie St-Jacques,
Geneviève Robillard, and Patrice Renaud. 2006.
Effectiveness of virtual reality exposure in the
treatment of arachnophobia using 3D games.
Technology and Health Care 14: 19–27.

8.

Jeremy Boy, Francoise Detienne, and Jean-Daniel
Fekete. 2015. Storytelling in Information
Visualizations: Does it Engage Users to Explore
Data? In Proceedings of the 33rd Annual ACM
Conference on Human Factors in Computing
Systems
CHI
’15,
1449–1458.
https://doi.org/10.1145/2702123.2702452

9.

Virginia Braun and Victoria Clarke. 2006. Using
thematic analysis in psychology. Qualitative
Research in Psychology 3, 2: 77–101.
https://doi.org/10.1191/1478088706qp063oa

10.

Harry Brignull and Yvonne Rogers. 2003. Enticing
people to interact with large public displays in public
spaces. Proceedings of INTERACT 3, c: 17–24.
https://doi.org/10.1.1.129.603

11.

Kathy Charmaz. 2014. Constructing grounded
theory. Sage.

12.

Charlotte Chivers. 2015. Why isn’t everyone “batty”
about bats? [UK Bat Survey 2015]. Retrieved
August
26,
2017
from
http://www.onepoll.com/why-isnt-everyone-battyabout-bats/

13.

Robert B. Cialdini, Richard E. Petty, and John T.
Cacioppo. 1981. Attitude and Attitude Change.
Annual review of psychology 32, 1: 357–404.

14.

William S. Cleveland and Robert McGill. 1984.
Graphical Perception: Theory, Experimentation, and
Application to the Development of Graphical
Methods. Journal of the American Statistical
Association
79,
387:
531.
https://doi.org/10.2307/2288400

15.

Andrea Cuttone, Michael Kai Petersen, and Jakob Eg
Larsen. 2014. Four Data Visualization Heuristics to
Facilitate Reflection in Personal Informatics. . 541–
552. https://doi.org/10.1007/978-3-319-07509-9_51

16.

Niklas Elmqvist, Andrew Vande Moere, HansChristian Jetter, Daniel Cernea, Harald Reiterer, and

TJ Jankun-Kelly. 2011. Fluid interaction for
information visualization. Information Visualization
10,
4:
327–340.
https://doi.org/10.1177/1473871611413180
17.

Sarah Gallacher, Connie Golsteijn, Yvonne Rogers,
Licia Capra, and Sophie Eustace. 2016. SmallTalk :
Using Tangible Interactions to Gather Feedback
from
Children.
Tei’16:
1–8.
https://doi.org/10.1145/2839462.2839481

18.

Sarah Gallacher, Jenny O’Connor, Jon Bird, Yvonne
Rogers, Licia Capra, Daniel Harrison, and Paul
Marshall. 2015. Mood Squeezer: Lightening Up the
Workplace Through Playful and Lightweight
Interactions. Proceedings of the 18th ACM
Conference on Computer Supported Cooperative
Work
&
Social
Computing:
891–902.
https://doi.org/10.1145/2675133.2675170

19.

A. Garcia-Palacios, H. Hoffman, A. Carlin, T.A
Furness, and C. Botella. 2002. Virtual reality in the
treatment of spider phobia: a controlled study.
Behaviour Research and Therapy 40, 9: 983–993.
https://doi.org/10.1016/S0005-7967(01)00068-7

20.

Connie Golsteijn, Sarah Gallacher, Licia Capra, and
Yvonne Rogers. 2016. Sens-Us: Designing
Innovative Civic Technology for the Public Good.
Proceedings of the 2016 ACM Conference on
Designing Interactive Systems - DIS ’16, August:
39–49. https://doi.org/10.1145/2901790.2901877

21.

Connie Golsteijn, Sarah Gallacher, Lisa Koeman,
Lorna Wall, Sami Andberg, Yvonne Rogers, and
Licia Capra. 2015. VoxBox : a Tangible Machine
that Gathers Opinions from the Public at Events.
Proceedings of the 9th International Conference on
Tangible, Embedded, and Embodied Interaction TEI
’15:
201–208.
https://doi.org/10.1145/2677199.2680588

22.

Jayavardhana Gubbi, Rajkumar Buyya, Slaven
Marusic, and Marimuthu Palaniswami. 2013.
Internet of Things (IoT): A vision, architectural
elements, and future directions. Future Generation
Computer
Systems
29,
7:
1645–1660.
https://doi.org/10.1016/j.future.2013.01.010

23.

Eva Hopma, Tilde Bekker, and Janienke Sturm.
2009. Interactive play objects: the influence of
multimodal output on open-ended play. Intelligent
Technologies for Interactive Entertainment: 78–89.

24.

Eva Hornecker. 2008. “I don’t understand it either,
but it is cool” - visitor interactions with a multi-touch
table in a museum. In 2008 3rd IEEE International
Workshop on Horizontal Interactive Human
Computer
Systems,
113–120.
https://doi.org/10.1109/TABLETOP.2008.4660193

25.

Eva Hornecker and Matthias Stifter. 2006. Learning
from Interactive Museum Installations About

Interaction Design for Public Settings. Ozchi 2006:
135–142. https://doi.org/10.1145/1228175.1228201
26.

27.

28.

Steven Houben, Connie Golsteijn, Sarah Gallacher,
Rose Johnson, Saskia Bakker, Nicolai Marquardt,
Licia Capra, and Yvonne Rogers. 2016. Physikit:
Data Engagement Through Physical Ambient
Visualizations in the Home. Proceedings of the 2016
CHI Conference on Human Factors in Computing
Systems
(CHI
’16):
1608–1619.
https://doi.org/10.1145/2858036.2858059
Jessica Hullman and Nick Diakopoulos. 2011.
Visualization rhetoric: Framing effects in narrative
visualization. IEEE Transactions on Visualization
and Computer Graphics 17, 12: 2231–2240.
https://doi.org/10.1109/TVCG.2011.255
H. Ishii and B. Ullmer. 1997. Tangible bits: towards
seamless interfaces between people, bits, and atoms.
Proceedings of the 8th international conference on
Intelligent
user
interfaces,
March:
3–3.
https://doi.org/http://doi.acm.org/10.1145/604045.6
04048

29.

Julie A Jacko. 2012. Human computer interaction
handbook: Fundamentals, evolving technologies,
and emerging applications. CRC press.

30.

Yvonne Jansen, Pierre Dragicevic, Petra Isenberg,
Jason Alexander, Abhijit Karnik, Johan Kildal,
Sriram Subramanian, and Kasper Hornb&aelig;k.
2015. Opportunities and Challenges for Data
Physicalization. Proceedings of the ACM CHI’15
Conference on Human Factors in Computing
Systems
1:
3227–3236.
https://doi.org/10.1145/2702123.2702180

31.

32.

Ana Javornik, Yvonne Rogers, Delia Gander, and
Ana Moutinho. 2017. MagicFace: Stepping into
Character through an Augmented Reality Mirror. In
Proceedings of the 2017 CHI Conference on Human
Factors in Computing Systems - CHI ’17, 4838–
4849. https://doi.org/10.1145/3025453.3025722
Antti Jylhä, Yi-Ta Hsieh, Valeria Orso, Salvatore
Andolina, Luciano Gamberini, and Giulio Jacucci.
2015. A Wearable Multimodal Interface for
Exploring Urban Points of Interest. In Proceedings
of the 2015 ACM on International Conference on
Multimodal Interaction, 175–182.

33.

Loic Kessous, Ginevra Castellano, and George
Caridakis. 2010. Multimodal emotion recognition in
speech-based interaction using facial expression,
body gesture and acoustic analysis. Journal on
Multimodal User Interfaces 3, 1: 33–48.

34.

Andrew J. Knight. 2008. “Bats, snakes and spiders,
Oh my!” How aesthetic and negativistic attitudes,
and other concepts predict support for species
protection. Journal of Environmental Psychology
28,
1:
94–103.

https://doi.org/10.1016/j.jenvp.2007.10.001
35.

Lisa Koeman, Vaiva Kalnikaitė, and Yvonne
Rogers. 2015. “Everyone Is Talking about It!”: A
Distributed Approach to Urban Voting Technology
and Visualisations. In Proceedings of the 33rd
Annual ACM Conference on Human Factors in
Computing Systems - CHI ’15, 3127–3136.
https://doi.org/10.1145/2702123.2702263

36.

Shih-Mei Lee. 2015. Curiosity and Experience
Design: Developing the Desire to Know and Explore
in Ways That Are Sociable, Embodied, and Playful.
The University of Edinburgh. Retrieved from
http://hdl.handle.net/1842/20977

37.

T W Malone and M R Lepper. 1987. Making
learning fun: A taxonomy of intrinsic motivations for
learning. Aptitude, learning, and instruction 3: 223–
253. https://doi.org/10.1016/S0037-6337(09)705091

38.

Zahira Merchant, Ernest T. Goetz, Lauren Cifuentes,
Wendy Keeney-Kennicutt, and Trina J. Davis. 2014.
Effectiveness of virtual reality-based instruction on
students’ learning outcomes in K-12 and higher
education: A meta-analysis. Computers & Education
70:
29–40.
https://doi.org/10.1016/j.compedu.2013.07.033

39.

Andrew Vande Moere. 2008. Beyond the tyranny of
the pixel: Exploring the physicality of information
visualization. Proceedings of the International
Conference on Information Visualisation: 469–474.
https://doi.org/10.1109/IV.2008.84

40.

Patrick A. Morris. 1987. Changing attitudes towards
British mammals. Biological Journal of the Linnean
Society
32,
2:
225–233.
https://doi.org/10.1111/j.1095-8312.1987.tb00429.x

41.

Jörg Müller, Florian Alt, Daniel Michelis, and
Albrecht Schmidt. 2010. Requirements and design
space for interactive public displays. In Proceedings
of the international conference on Multimedia - MM
’10, 1285. https://doi.org/10.1145/1873951.1874203

42.

Donald A Norman. 2004. Emotional design: Why we
love (or hate) everyday things. Basic Civitas Books.

43.

Leyla Norooz, Tamara L Clegg, Seokbin Kang,
Angelisa C Plane, Vanessa Oguamanam, and Jon E
Froehlich. 2016. “That’s your heart!”: Live
Physiological Sensing & Visualization Tools for
Life-Relevant & Collaborative STEM Learning. The
International Conference of the Learning Sciences
(ICLS) 2016 2.

44.

Chris North. 2006. Toward measuring visualization
insight. IEEE Computer Graphics and Applications
26, 3: 6–9. https://doi.org/10.1109/MCG.2006.70

45.

Sharon Oviatt. 1996. Multimodal interfaces for
dynamic interactive maps. Proceedings of the

SIGCHI conference on Human factors in computing
systems common ground - CHI ’96: 95–102.
https://doi.org/10.1145/238386.238438
46.

47.

48.

Sharon Oviatt and Philip Cohen. 2000. Perceptual
user interfaces: multimodal interfaces that process
what comes naturally. Communications of the ACM
43,
3:
45–53.
https://doi.org/10.1145/330534.330538
Thomas D. Parsons and Albert A. Rizzo. 2008.
Affective outcomes of virtual reality exposure
therapy for anxiety and specific phobias: A metaanalysis. Journal of Behavior Therapy and
Experimental Psychiatry 39, 3: 250–261.
https://doi.org/10.1016/j.jbtep.2007.07.007
Peter Pirolli and Stuart Card. 1999. Information
foraging. Psychological Review 106, 4: 643–675.
https://doi.org/10.1037/0033-295X.106.4.643

Transactions on Visualization and Computer
Graphics
16,
6:
1139–1148.
https://doi.org/10.1109/TVCG.2010.179
56.

Beverly Serrell. 2015. Exhibit labels: An interpretive
approach. Rowman & Littlefield.

57.

Rob Tieben, Tilde Bekker, and Ben Schouten. 2011.
Curiosity and Interaction: making people curious
through interactive systems. BCS-HCI ’11
Proceedings of the 25th BCS Conference on HumanComputer
Interaction:
361–370.
https://doi.org/2305378

58.

Matthew Turk and George Robertson. 2000.
Perceptual
user
interfaces
(introduction).
Communications of the ACM 43, 3: 32–34.
https://doi.org/10.1145/330534.330535

59.

Diogo Veríssimo, Greg Vaughan, Martin Ridout,
Carly Waterman, Douglas MacMillan, and Robert J.
Smith. 2017. Increased conservation marketing
effort has major fundraising benefits for even the
least popular species. Biological Conservation 211,
March:
95–101.
https://doi.org/10.1016/j.biocon.2017.04.018

49.

Pavol Prokop and Sue Dale Tunnicliffe. 2008.
“Disgusting” animals: Primary school children’s
attitudes and myths of bats and spiders. Eurasia
Journal of Mathematics, Science and Technology
Education 4, 2: 87–97.

50.

Charan Ranganath and Gregor Rainer. 2003.
Cognitive neuroscience: Neural mechanisms for
detecting and remembering novel events. Nature
Reviews
Neuroscience
4,
3:
193–202.
https://doi.org/10.1038/nrn1052

60.

Jun Yamashita, Hideaki Kuzuoka, Chiaki Fujimon,
and Michitaka Hirose. 2007. Tangible avatar and
tangible earth: a novel interface for astronomy
education. In CHI’07 extended abstracts on Human
factors in computing systems, 2777–2782.

51.

Mitchel Resnick, Fred Martin, Robert Berg, Rick
Borovoy, Vanessa Colella, Kwin Kramer, and Brian
Silverman. 1998. Digital Manipulatives: New Toys
to Think With. In Proceedings of the SIGCHI
conference on Human factors in computing systems
CHI
’98,
281–287.
https://doi.org/10.1145/274644.274684

61.

Oren Zuckerman, Saeed Arida, and Mitchel Resnick.
2005. Extending Tangible Interfaces for Education:
Digital Montessori-inspired Manipulatives. In
Proceedings of the SIGCHI conference on Human
factors in computing systems - CHI ’05, 859–868.
https://doi.org/10.1145/1054972.1055093

62.

52.

Yvonne Rogers, Danae Stanton, Mark Thompson,
Mark Weal, Sara Price, Geraldine Fitzpatrick,
Rowanne Fleck, Eric Harris, Hilary Smith, Cliff
Randell, Henk Muller, and Claire O’Malley. 2004.
Ambient wood: Designing New Forms of Digital
Augmentation for Learning Out. Proceeding of the
2004 conference on Interaction design and children
building a community - IDC ’04: 3–10.
https://doi.org/10.1145/1017833.1017834

Year of the Bat. Convention on the Conservation of
Migratory Species of Wild Animals. Retrieved
January
5,
2018
from
http://www.cms.int/en/campaign/year-bat

53.

Jennifer Rowley. 2007. The wisdom hierarchy:
representations of the DIKW hierarchy. Journal of
Information
Science
33,
2:
163–180.
https://doi.org/10.1177/0165551506070706

54.

R. Ryan and E. Deci. 2000. Self-determination
theory and the facilitation of intrinsic motivation.
American
Psychologist
55,
1:
68–78.
https://doi.org/10.1037/0003-066X.55.1.68

55.

Edward Segel and Jeffrey Heer. 2010. Narrative
Visualization: Telling Stories with Data. IEEE

