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Wildlife calls are the best witnesses to the health of ecosystems, if only we know how to listen to them. Efforts to
understand and inform restoration of healthy ecosystems with environmental audio recordings languish from insufficient
tools to learn and identify sounds in recordings. To address this problem, we designed and playtested the Bristle Whistle
Challenge prototype with ten players. We explored how to design delightful interactions with audio for gaining
awareness of nature sounds and supporting wildlife conservation through citizen science. We found that rather than
presenting audio alone, it was necessary to connect sounds to other senses and experiences in creative ways to impart
meaning and enhance engagement. We offer recommendations to design creative and contextual interactions with media
to build awareness of nature’s wonders. We call for greater efforts in interaction design to engage people with nature,
which is the key to turning around our environmental crisis.
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1 INTRODUCTION

The sounds of nature often go unnoticed in the everyday lives of most people. Interactions with audio are generally
understudied in HCI, though there has been a recent surge of interest in designing interactions with calls of the wild [6,
41,42, 60, 67]. Interactions with playfully designed devices that include environmental audio recordings have shown
promise to spark interest in nature [4, 14, 57, 60]. Research has also explored how expert birdwatchers, or birders,
identify birds in the wild by sight and sound, as well as when listening to audio recordings. Such studies have provided
insights for developing systems to support environmental monitoring with audio recordings [10, 11, 66]. Studies have
also highlighted difficulties with auditorily and visually interpreting audio recordings [7, 13, 40, 41]. For example,
visualizations of sound, called spectrograms, can be difficult to interpret [13, 41]. However, with some training,



spectrograms can improve the interpretation of audio [61, 65]. We need to understand how to design enjoyable and
rewarding experiences, so people can explore, learn about, and study the sounds in nature recordings.

With advances in technology, people can now capture short environmental audio recordings with mobile devices [55]
or place acoustic sensors in environments for extended periods [30]. These recordings can potentially support finding and
monitoring secretive and rare wildlife that may otherwise go undetected, such as little-known, endangered Eastern
bristlebirds [63]. However, some species, like bristlebirds, have calls that are understudied and highly variable. This
makes automatic detection of calls with computers difficult until a set of accurately identified calls is available to train
algorithms [26, 42]. Having enticing designs that support learning calls may offer community members (i.e. as citizen
scientists) and ecologists new opportunities to forge collaborative scientific investigations with audio that support saving
species [15, 42].

For this exploratory study, we aimed to investigate how audio interactions can entice curiosity about nature and foster
engagement with citizen science that supports wildlife conservation. Our two primary objectives were to 1) design a
prototype that includes diverse interactions with audio recordings, and 2) observe how people interacted with this
prototype. We were guided by two research questions (RQs):

1. Can technology support people to increase their interest in wildlife and their calls? If so, what forms might this

technology take?

2. Can technology engender skills that increase engagement in the study of wildlife? If so, how can this inform the

design of future citizen science technologies?

To explore these questions, we created the Bristle Whistle Challenge, a gameful prototype (hereafter called “the
Challenge”; Figure 1). We focused the Challenge on Eastern bristlebirds because of our experience with the species [42]
and the popularity of environmentally-focused citizen science [34, 46]. A narrative introduced bristlebirds and their
conservation needs. Additionally, the narrative explained how people’s experiences while playing the Challenge may
inform the design of technologies that support learning and identifying bristlebird calls.
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Figure 1: Screenshots of most Bristle Whistle Challenge sections. Players progressed, in sequence, to: A) view an
activity overview and introductory narrative; B) gamefully match soundscape spectrograms with audio
recordings; C) playful explore bristlebird calls; D) gamefully match bird call spectrograms with audio recordings,
and then match this media with bird photos; E) playfully name calls by shape and then sound; F) gamefully
identify bristlebird calls in soundscapes (see Supplementary Video).

We incorporated game elements within a non-game context (i.e. gameful design or gamification [17]) to explore the
design of enjoyable experiences with audio recordings. Designing for enjoyment often involves gameful, goal-oriented
tasks, or more free-form playfil exploratory activities [17] . We designed the Challenge for people to receive guidance as
they progressed through a mixture of gameful and playful activities. We set out to understand how each interaction may
support enjoyment and learning (Table 1). Given the overall gamefulness of the Challenge prototype, we refer to
participants as players and sessions as playtests [22].



Table 1: Research goals for interactions with the Challenge

Interactions (section) To determine whether:

Receiving Guidance (3.1) A gameful personified conversational agent provides useful support for audio interpretation
Matching Media (3.2) Gameful tasks matching soundscapes*, calls, & photos support making sense of bird media
Exploring Media (3.2) Playtful interactions with birds by sight & sound or naming calls elicit interest & creativity
Questing for Calls (3.4) Prior sections prove useful to gamefully identify bristlebird calls in soundscapes

Enjoying Experience (3.5) Elements are engaging (e.g. narrative, agent, play, game, aesthetics, & feedback)

* Soundscape = 30-second environmental audio recordings capturing sounds of a landscape

Playtesting was conducted with 10 players to answer our RQs. We found that playful interactions with the
conversational agent “Bob Bristlebird” supported players emotionally and logistically, while also making the game
enjoyable (see Table 3). Each player readily applied their newly acquired experiences of interpreting audio to the final
task of identifying bristlebird calls in soundscapes. Overall, players found the experience enjoyable, despite the cognitive
demands of soundscape matching. Players engaged with multisensory experiences enthusiastically, which is promising
for the design of future playful interactions with environmental audio.

This work contributes to the HCI and citizen science communities by providing a new understanding of how mixing
supportive, creative, and structured interactions with multisensory media can afford sense-making of complex
information, such as the interplay between how birds look, sound and live. Our research extends knowledge in
understudied areas of HCI, including audio-visual interactions, playfulness in citizen science, gamefulness in training,
and nature engagement. We offer recommendations to design creative and contextual interactions with media to build
awareness of nature sounds. We call for greater efforts in interaction design to engage people with nature, to improve
environmental awareness, ecological research with citizen science, and wildlife conservation.

2 LITERATURE REVIEW

2.1 Games & Citizen Science

Games are generally played for entertainment and include structured, goal-oriented tasks that often have competitive
elements [17]. Games are also increasingly created for purposes beyond just entertainment, such as for use in education,
health, and science [52, 68]. Researchers, for example, have explored games that engage people with sound (i.e.
primarily music) while collecting data on their perceptions and annotations with the intent to inform audio searches [2,
19, 33, 36-38]. Similarly, citizen scientists are commonly recruited to complete a variety of gameful tasks, which
provides researchers with data needed to answer scientific questions [43, 47, 48].

Tasks in most citizen science projects are designed to be easy, requiring little prior knowledge or training to
participate [54]. However, identification of wildlife calls can vary in difficulty depending on the context of the species
being sought after and the soundscape. For instance, the low frequency, consistent calls of a White-bellied heron are
more distinct than the versatile calls of Eastern bristlebirds [13]. More people may explore wildlife calls when designs
are available that improve call accessibility and offer enjoyable learning experiences.

2.2 Play to Understand Nature

“... Play is not just mindless entertainment, but an essential way of engaging with and learning
about our world and ourselves — for adults as well as children” [23, p. 2].

In design, play usually refers to creating freeform, exploratory, improvisational experiences [17]. Some view play and
games on opposite ends of a spectrum, though people do regularly shift into playful modes of thinking while playing
games [17]. Most technology is created with a utilitarian, task-oriented purpose, but there is value in designing playful
explorations that tap into our inclinations to be curious, explore, and reflect [23, 25]. Gaver proposes that designing for
activities to elicit curiosity, exploration, and reflection without a defined task “can be a mechanism for developing new
values and goals, for learning new things, and for achieving new understandings” [25, p. 886].



Most citizen science is contributory, being led by researchers (typically scientists), with the public contributing data
[50, 59]. Additionally, many design studies on citizen science are reflexive, exploring factors like participant
motivations, engagement rates, gameful design, and data quality, to maximize scientific outcomes [12, 21, 48, 64].
Relatively few citizen science technologies are designed with a participatory design approach, gearing towards
empowering communities, rather than controlling engagement [S0]. We take inspiration from those who have designed
to foster holistic experiences with nature that evoke playful curiosity, learning, sharing, and desires to help nature [18,
58]. Since learning animal calls is daunting, we are exploring how to design engaging experiences with audio that make
animal calls more accessible to learn through guided playful and gameful activities.

3 DESIGNING THE CHALLENGE

The Challenge design is a culmination of our data corpus exploring how to design enticing nature engagement and
citizen science with audio recordings to inform wildlife conservation[6, 40-42, 60]. We created the Challenge using
Microsoft PowerPoint because the software was likely familiar to players. The Challenge consisted of 61 slides,
embedded with diverse combinations of media, animations, and clickable buttons in arrangements aimed to be intuitive
and aesthetically cheerful. Players read text, considered agent comments, played audio recordings, interpreted
spectrograms, interrogated photos, and received feedback on answers. Playtests were designed to last 1.5 hours,
assuming players would engage with all information presented, describe impressions and decisions, and reflect on their
overall experience upon session completion. In this section, design goals, rationale, and mechanics for key interactions in
the Challenge are explained (see Table 1 for goals). Interactions are grouped by categories of player actions and
experiences, including Receiving Guidance, Gamefully Matching Media, Playfully Exploring Media, Gamefully Questing
for Calls, and Enjoying Experience (Supplementary Video).

3.1 Receiving Guidance

We designed light-hearted Bob Bristlebird to explore whether the use of a playful conversational agent supports players
to make sense of spectrogram variables, soundscapes, sound events (e.g. bird calls), and bird photographs (Figure 1B).
Conversational agents can support people with online learning [44]. However, agents need to be designed to appear
without interrupting activity flow, or being presumptuous of human intention and feelings about interventions [56] Given
this, we designed Bob to pop-up and provide guidance and encouragement, usually between activity transitions. Bob also
prompted players to reflect on media in the Challenge, to reveal insights to researchers, such as experiences players may
have with bird species featured in the Challenge.

3.2 Gamefully Matching Media

Matching tasks were designed to elucidate how players make sense of soundscapes, specific sounds, and bird photos
(Figure 1B, D, & F). We were interested in whether gameful aspects of memory recall, scaffolding, repetition,
multisensory perception, and feedback were useful and enjoyable. Upon completing the Soundscape Match section,
players progressed to a playful section to explore bird media (i.e. Bioacoustics Bonanza, see below). Then, players
progressed to gamefully Call Match and Photo Match sections (Supplementary Video).

3.2.1Soundscape Match

We designed the Soundscape Match section to engage players with gamefully matching 30-second soundscape audio
recordings with spectrograms (Figure 1B). During preliminary prototyping, we observed that matching pairs of
soundscape spectrograms and audio recordings were most difficult for people when multiple soundscapes had equivalent
complexity or spacing of prominent sound events, such as bird calls. Given this, we designed three Soundscape Match
levels to become progressively more difficult, by increasing:

1)  The number of new spectrogram-audio pairs offered (i.e. 2, 4, and then 6 new pairs)

2) Complexity similarity across soundscapes; and

3) The similarity of call spacing within and across soundscapes.



In Level 1, players listened to a soundscape audio recording and then were asked to choose which one of two
spectrograms matched their memory of the audio. This introduced listening, recalling memories of sounds, and
interpreting spectrograms. Then, players were tasked with matching two audio recordings to the spectrograms (Figure 2).
After players verbalized decisions, answers were revealed with borders of audio icons changing to colors that match
corresponding spectrogram borders (e.g. compare Figure 1B & D audio icons). Level 2 tasked players with matching
four new soundscapes, and the two original ones again (Figures 1B & 2). Soundscapes varied in complexity, with
unevenly spaced sounds, such as cricket chirps, car engines, dogs barking, and birds calling (Figure 1B). In Level 3, six
new soundscapes with similar complexity were presented. We strategically selected soundscapes that featured relatively
evenly spaced Eastern bristlebird calls, with the intent to maximize pattern recognition difficulty.

B

Figure 2: The first two soundscape spectrograms in the Challenge. The middle band is crickets calling at night. B)
The top band is likely cicada insects, the middle is crickets, and the bottom half is birds calling (x = 30 seconds; y
=0 to 11kHz frequency).

3.2.2Call & Photo Matches

We designed the Call Match section to explore whether evoking player prior knowledge, memory recall, and
multisensory perception supports noticing differences in how bird calls look and sound. Four calls from four species
were used. First, two spectrograms were presented, with Bob encouraging players to interpret calls vocally (e.g. by
whistling). Then, four audio recordings were provided, and players were tasked to determine, from memory, which audio
recordings matched the two previous spectrograms. Players were then tasked to match additional call spectrograms and
audio, with opportunities to confirm their answers (Figure 1D).

In the Photo Match, we looked to assess if players knew four species by sight or sound. Four photographs were
provided to discuss. The species in photos were also featured in the Call Match. We were interested if players would
make this connection. To provide them with opportunities to make this connection, the call spectrograms were provided
again, followed by audio, which allowed us to assess prior knowledge and reinforce experiences from previous sections.

3.3 Playfully Exploring Media

We designed media exploration activities to consider whether playful interactions with audio that aren’t goal-oriented
would be engaging for players and elicit curiosity that may help them make sense of audio recordings (Figure 1C & E;
Supplementary Video).

3.3.1Bioacoustics Bonanza

With the Bioacoustics Bonanza section, we set out to explore whether players enjoyed engaging in a freeform
exploration of bird media between gameful tasks. Additionally, we were interested to know if such opportunities proved
useful in later activities (Figure 1). First, eight different bristlebird call spectrograms and audio recordings were



presented to players, giving them opportunities to hear and see how much bristlebird calls can vary (Figure 1C). Then,
players were provided information about four additional bird species (i.e. one photo, call spectrogram, and call audio per
species). Players received prompts to notice a few common and nuanced features that can help distinguish bristlebird
calls from other species with similar calls.

3.3.2Naming Calls
In a prior study, one participant commented that the call shape of the Sulphur-crested cockatoo looked like “... a
highway, or car tracks” [40, p. 1690]. This led us to consider how people might creatively name the shapes of calls in
spectrograms. We were also inspired by the Rorschach test [53], a psychological test that examines the shapes people
perceive in the random or ambiguous visual pattern of inkblot plates (an example of pareidolia [39]).

To explore this further, we posted a 30-second soundscape spectrogram containing several identical bristlebird calls
on social media and invited participants to name the call based on its shape “a little like a Rorschach test”. One
participant downloaded the spectrogram, cropped a single call (Figure 3A), drew a shape over the top, and shared the
sketch indicating it was an “emu” (Figure 3B). Another participant provided two suggestions, drawing “a swimmer”
(Figure 3C) and superimposing an “Enterprise” spaceship image on a cropped call spectrogram. With this positive
outcome, we decided to include freeform pareidolia exploration in the forthcoming Challenge.

A B C

Figure 3: Calls creatively named by their shape in a spectrogram. An annotation of a bristlebird call that is: A)
unaltered, B) drawn on and tagged “the emu”, and C) drawn on and tagged “a swimmer”.

While pareidolia typically refers to visual perception, we were also interested in extending this to consider whether
there was an auditory equivalent of perceiving a specific sound in a random or ambiguous auditory pattern, such as a bird
call. To ensure clarity between the two forms of perception, we will hereafter specify naming calls in spectrograms as
“visual pareidolia” and naming calls by sound as “auditory pareidolia”.

For the Challenge, we designed the Naming Calls section to explore whether playfully naming calls by sight and
sound elicits creativity. Additionally, we sought to know whether named calls are then more recognizable and
memorable. After completing the gameful Photo Match, Bob briefly introduced players to the idea of naming calls,
relating the activity to people seeing shapes in Rorschach inkblots. Players were offered spectrograms of three different
bristlebird calls and asked if the call shapes reminded them of anything (Figure 1E). Once finished interpreting calls by
shapes, players advanced to naming each of the same calls again, this time metaphorically by the audible sound.

3.4 Gamefully Questing for Calls

The Call Quest was designed to explore how players applied experiences from previous sections (Figure 1F). Players

were given two 30-second soundscape spectrograms and corresponding audio recordings. They were asked to identify
familiar calls. Next, photos of three species were presented, and their calls in spectrograms were revealed, to reinforce
awareness of calls from multiple species , including bristlebird. To explore if players recognized calls from previous



sections, they were then tasked to identify bristlebird calls from six pairs of soundscape spectrograms and audio
recordings. Four pairs were new, whereas two were from the previous level. Upon completing the section, players were
given the option to complete two bonus levels of the Challenge or begin a reflective interview.

3.5Enjoying Experience

All Challenge interactions were created to provide players with an enjoyable experience engaging with audio visually
and auditorily. We reflected on our playtest observations to identify how people felt while completing activities. Also,
we considered which experiences were most memorable for players, positive or negative, based on what they discussed
in reflexive interviews afterwards.

4 PLAYTESTING THE CHALLENGE

As design researchers, we were interested in how players experienced gameful and playful interactions with audio, rather
than evaluating, in a hypothesis-driven sense, whether players engaged and completed activities “successfully”. Instead,
we adopted an exploratory approach to assessment, which focuses, “... on capturing a rich description of the encounters
people have with the prototypes, addressing their activities, experiences, and interpretations from a variety of
perspectives...”. [24, p. 128]. We aimed to develop a depth of understanding, and while not generalizable, readers can
ascertain whether our findings apply to their respective contexts.

To do this, we recruited a total of ten participants by purposive sampling, with the intent to identify unique and rich
experiences of value [20]. All participants were recruited for interests in design, citizen science, or wildlife. We included
five people with design expertise given their experience in navigating wicked problems [5], by skillfully articulating,
ideating, and evaluating technology interactions. The remaining five participants were members of the public, to gain
diverse perspectives and experiences.

As sessions began, we asked players about their experiences with design, citizen science, birds, and audio.
Additionally, we noted relevant experiences revealed during playtests (Table 2). To gain insights into player cognitive
processes and experiences during playtesting, we asked players to verbalize actions, decisions, and feelings following
concurrent think-aloud protocols [1] . Upon completing the Challenge, we asked players reflexive questions following
retrospective think-aloud protocols [1], to 1) triangulate observations; 2) understand what was most memorable (i.e.
positive or negative); and 3) invite additional ideas for overcoming barriers, increasing fun, improving learning, or
facilitating cooperation. Session observational notes and audio transcripts were reviewed to identify patterns in player
experiences with Challenge interactions and to understand overall experiences.

Table 2: Participant backgrounds, interests, and experiences revealed during sessions

Identifi Relevant Experience & Interests
er*

DRI1 HCI senior lecturer & researcher focused on user interface design and evaluation

DR2 HCI professor, instructor, & researcher with diverse areas of study (e.g. digital interactions with nature)

DR3 HCI lecturer and researcher focused on games and learning

DR4 Designer & software developer who completed a PhD in HCI on audio interactions & birdwatchers. Has tried
citizen science projects involving classification of galaxy photos online & submitting nature photos.

DR5 Industry project manager overseeing design & development of software & websites (e.g. for citizen science
initiatives). Has contributed wildlife sightings as a citizen scientist and played in a hobbyist band.

PR1 Citizen science enthusiast who moderates social media for a national organization. Has tried a diverse range of
projects too. Has played saxophone in a twenty-piece big band for more than 25 years.

PR2 Interested in learning about birds (e.g. recruitment from visiting bird conservation booth at a music festival)

PR3 Citizen science practitioner for 5 years, developing, supporting, and participating in projects and global working

groups. Has aided in development of interfaces and platforms. Played trombone for nearly 10 years, being “a sound
nerd ever since” via sound design and data sonification. Interested in soundscape ecology.



PRC1 Interested in citizen science from learning of it during University studies in ecology (e.g. a symposium led by the
lead author). Aspires to learn more about birds (i.e. owns an identification field guide).
PRC2 Broadly aware of the term citizen science and became interested in this research from brother
*Identifier acronyms: DR = design recruit; PR = public recruit; PRC = public recruit cooperative. DRs and PRs
completed playtests individually; whereas PRC1 brought his sister to his playtest session, who was also interested in
wildlife, so we welcomed the serendipitous opportunity to observe them cooperatively playtest the Challenge.

5 FINDINGS

Overall, players enjoyed all Challenge interactions, and the skills gained were useful to identify bird calls (Table 3). This
section discusses how players engaged with each activity.

Table 3: Summary of findings from player experiences with the Challenge

Interactions (section) Interactions led to players:

Receiving Guidance (5.1) Being supported emotionally & logistically by Bob Bristlebird, a conversational agent
Matching Media (5.2) Perceiving soundscapes in varied ways, homing in on details, & applying prior experiences
Exploring Media (5.3) Playing with media for insights & imagining creative call names, often with personal meaning
Questing for Calls (5.4) Applying experiences with Bob, gameful, & playful interactions to find bristlebird calls
Enjoying Experience (5.5) Enjoying soundscapes despite being taxing & engaging enthusiastically with all sections

5.1 Receiving Guidance

5.1.1Being Supported Emotionally & Logistically by Bob

Bob Bristlebird, the agent, provided players with emotional and logistical support. Players enjoyed seeing Bob, regularly
referring to him and his dialog in endearing terms, such as being “cute”. For instance, after completing the most difficult
Soundscape Match level deciphering different bristlebird calls, Bob popped up and said, “That was tricky huh?! I would
make a wicked DJ the way I also remix all of these songs!”, which both reassured and amused most players after a taxing
section. Additionally, players typically followed Bob’s recommendations. When starting the Call Match, for example,
Bob said, “You might realize what the calls are if you sound them out aloud @, as two call spectrograms appeared
without audio, and players who hadn’t tried this on their own took the advice. PR3 elaborated he thought including the
emoji was a good idea, as it might help more self-conscious players be more comfortable with the idea of interpreting a
spectrogram verbally. Players also engaged when Bob prompted them to notice details. When exploring Bioacoustic
Bonanza, for example, Bob alerted players that bristlebird and Australian King Parrot calls “can be pretty easily mixed
up”, which led DR2 to spend time enthusiastically comparing those calls. Such observations highlight how an agent can
playfully provide entertainment, encouragement, and guidance.

5.2 Gamefully Matching Media

5.2.1Employing Diverse Approaches to Matching Soundscapes

Each player approached deciphering patterns in spectrograms and audio recordings based on soundscape features and
personal preferences, with no two players using identical strategies. Common actions included:

e  Comparing overall soundscape differences in complexity & regularity

e  Comparing overall soundscape patterns in musical terms (beats, rhythms, tempo, etc.)

e  Comparing temporally when sounds began or ended in soundscapes

e  Comparing locations of specific familiar sounds within a soundscape

e  Comparing features of specific calls to musical terms (pitch, crescendo, etc.)

e  Counting the number of calls

e  Counting seconds between calls



e  Whistling or onomatopoetically verbalizing calls

When deciphering the first set of six soundscapes that include diverse environmental sounds (i.e. level 2), players
often began by identifying broad differences, and then gradually homed in on more nuanced details of difficult pairs
(Figure 1B). When matching the next set of six soundscapes that included evenly spaced bristlebird calls (i.e. level 3),
players often zeroed in on features and differences of specific calls. Illuminating exemplar strategies for interpreting
soundscape spectrograms and audio recordings, as well as processes for deciphering between pairs, may make audio
recordings less abstract and more appealing to explore.

5.2.2Homing in on Finer Details of Specific Birds & Their Calls

Once finished exploring Bioacoustics Bonanza freely, players progressed to the gameful Call Match section, by first
enthusiastically attempting to whistle or verbalize the first two call spectrograms provided (i.e. with pink and blue
borders in Figure 1D). Remembering call matches proved less difficult than remembering soundscape matches, though
people often replayed audio for both when answers were revealed to confirm their recollection of their answers. When
provided all four call spectrograms and audio recordings, most players were able to correctly match them, regardless of
whether they knew any of the bird species calling (Figure 1D).

Once transitioning to the Photo Match section, only the loud, ubiquitous cockatoo was regularly recognized. Some of
the players thought they recognized other bird species in photos, but then described conflicting attributes that revealed
players were thinking of a different species. Some players playfully personified species they did not recognize, such as
DR3 and PRI independently referring to the Eastern whipbird as, “the angry-looking bird”. Players without prior
knowledge, could not match photos with previous call spectrograms and audio recordings when given again. Those with
prior knowledge who had correctly matched call audio recordings and spectrograms, however, were sometimes then able
to match the correct photo. For example, DR5 did this while also telling stories about hearing whipbirds camping. Being
new to Brisbane, DR3 was unfamiliar with the birds. She described that matching call audio recordings and spectrograms
as easier than matching calls to bird photos. DR3 elaborated that patterns in the calls could be recognized and linked by
sight and sound without experience with birds, but a bird’s appearance couldn’t be intuitively associated to a call without
prior knowledge.

5.2.3Applying Prior Experiences to Sensemaking

Players were recruited based on having experiences and interests in either technology design, nature, or citizen science.
Initial interview questions and playtest sessions, however, revealed that players were often interested in more than one of
these topics, and had broader relevant experiences, such as sound designing, computer science with audio, and playing
music (Table 1). Several players, for example, related visuals, soundscape audio, and bird calls to experiences with
music. For instance, DR2 shared that when previously trying to distinguish calls of two bird species, her musician son
introduced her to thinking in musical terms, saying “/.../ he described it in quite an interesting way, and it helped me to
learn the difference”. Additionally, PR1 attempted to distinguish differences in spectrograms, saying, “I will put this in
music language because that's how I understand it for myself”. When deciphering soundscapes, PR1 described,
“counting it out like beats to a bar”. She likened spectrograms to being analogous to a “treble clef” type of “stave” if

CLINT3

lines were added. Additional music terminology she applied included, “emphasis mark”, “gliss”, types of “notes”
(“grace”, “high”, “low”, “quaver”, “triple forte”), “strokes” (up and down), “timbre”, and “upswing”. Similarly, DR5
also described observed patterns in musical terms. After completing the most difficult level of the Soundscape Match,
containing audio with only evenly spaced bristlebird calls, for example, DRS5 justified mismatches made, saying “to my
credit, there’s some pretty even beats and it's the same bird”. Later, while matching call spectrograms and audio, he also
commented, “/...] the whipbird was a bit easier too because it kind of has got that crescendo [...]”. His description
referred to the male bird’s characteristic call that begins as a gradually increasing whistle that reaches a final, loud
cracking whip sound. Those with prior experience interacting with audio, music or otherwise, appeared to have benefited
from having an established language that perhaps made thinking about and discussing sounds of nature more accessible

and engaging.
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5.3 Playfully Exploring Media

5.3.1Broadening Contextual Knowledge to Decipher Calls

In the Bioacoustics Bonanza section, most players openly explored the photo and call media provided. However, as with
the Soundscape Match, the amount of time and effort each player spent interrogating nuanced audible and visible
differences between calls varied (Figure 1C). For instance, DR2 took time to play each call at least twice. She attempted
to verbalize and whistle every call, switching between pages multiple times. DR2 carefully considered call attributes,
after reading comments and “dialog” between Bob and a bird in a photograph. Others questioned why this information
was provided and anticipated being tested. All players broadly commented on some aspect of the section being
interesting or useful to better understand birds and calls.

5.3.2Imagining Visual Pareidolia that Often Reflected Personal Connection

Players readily provided names for call shape, which reflected visual pareidolia. Ideas were often personalized, reflecting
specific knowledge, interests, and past experiences. Some players had exhibited a propensity for visual pareidolia during
the Spectrogram Match, likening call shapes to objects, such as chairs (DR4), broken bones (DR3), and mushrooms
(DR3 for two different calls). During the Naming Calls section, after Bob primed players with a Rorschach inkblot
image, responses varied. Most players readily offered name ideas based on shapes in spectrograms for each of the three
calls provided. Two exceptions included one player naming only two of the calls, and another player not imagining
names based on shape for any of the three call spectrograms provided.

Collectively, some ideas were similar, while others were distinct. Multiple players likened, for instance, the first call
to a mushroom (PR1, PR3, PRC2 and previously DR3) or a lamp (DR4, DR1; Figure 4A); the second to a jellyfish
(PRC1, DR4, DR2; Figure 4B); and the third to steps (DR4, PRC1, PR1) or stairs (PR1, DR1; Figure 4C). Some ideas
were of a similar vein, such as the second call resembling plant-like forms, including a kelp forest and grasses (DR2); a
pine plantation and bamboo (PR1); and a forest of thin eucalypts (PRC1 elaborated from PRC2’s suggestion of trees;
Figure 4B). Other ideas were also unique, such as the shape of the second call also evoking ideas of a window with rods
(DR1); a sideways squeegee for cleaning windows (DR3); windshield wipers (DRS); blinds on the side of a house (PR1);
electric cables with an electricity charge (DR2); the mythological creature “Slenderman” and a barcode (PRC2); and the
Star Wars Imperial droids specifically in The Empire Strikes Back movie (PR3; Figure 4B).

A B C

Figure 4: Spectrograms of bristlebird calls that players were invited to name creatively by shape and then by
sound.

Ideas by players often included reflections of knowledge and personal stories. For instance, DR3 described the first
call as looking like specific rock formations in Cappadocia, Turkey, known as fairy chimneys, which she knew of with
Turkey being her country of origin (Figure 4A). Similarly, the same call evoked DR2’s memories of living abroad in
Japan, and she likened the shape to her recollection of the Chinese character for water, which she then confirmed via her
nearby book of Chinese logograms (Figure 4A).
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Some players asked us months later, using their call names, whether we found any bristlebird calls in audio
recordings from the wild. For instance, DRS asked whether we found any “Washington Monuments”, which was his
name for the first call (Figure 4A). This demonstrates that players applying personal meanings of experiences and
knowledge to calls through creating names holds promise to strengthen call relatability, recognizability, and
memorability.

5.3.3Imagining Auditory Pareidolia that Often Reflected Personal Connection

Players readily created auditory pareidolia manifestations relating to calls via onomatopoeias, phrases, emotional tones,
and everyday sounds. Such ideas sometimes also reflected personal experiences, interests, and auditory awareness. A few
players had a propensity to mimic sounds encountered in audio by whistling and creating verbal onomatopoeias before
beginning the Naming Call activity (DR2, DR4). Most attempted creating verbalizations of calls only after being
prompted by Bob to do so (DR1, PR3). Most players found the idea of naming calls based on a likeness to another sound
ambiguous and requested examples, which the interviewer provided. Players regularly shared sentiments that they only
heard bird calls, lacked ideas, or were not creative (PR3, PRC2, ST, DR1, PR2). Regardless of initial apprehensions, all
players interpreted at least one call auditorily, often offering multiple ideas per call.

Some players related calls to existing onomatopoeias and human language. For instance, DR2 verbalized the first call
to be akin to an “achoo!” sneezing sound (Figure 4A). Similarly, DR3 described the second call resembling, “psh, psh,
psh, psh, psh”, as a shooting sound effect in a video game (Figure 4B). Players sometimes likened calls to English words,
such as the first call being akin to, “Here I am! Here I am" (PR1), “I like chips" (DR4), “What's up?” (PRC2), and “far
out” (PRCI; Figure 4A).

Some players translated calls by tone, anthropomorphically relating calls to a human emotional state. For instance, the
second call conjured ideas of the bird having a “real pissed off” (PRC2), aggressive, or persistent attitude, due to the
mixed registers (PR3) and short, sharp staccato notes (DRS5; Figure 4B). Words applied to the second call likewise, often
tonally matched being aggressive or persistent. Examples include PRC1 saying, "danger here! danger here!” after being
startled by the intense call, "Julie Shut up!" (PRC2), “Go away, get out of here” (DRS), or akin to seagulls in the
animated Disney movie Finding Nemo incessantly saying “mine” (PR1; Figure 4B). By contrast, DR2 related the same
call to have a secretive tone, and sounded reminiscent of “Pst, come here” (Figure 4B).

Occasionally, players related what they heard to familiar, everyday sounds or memories. To PR2, the second call was
unpleasant and like someone erratically scratching a polystyrene box (Figure 4B). The third call was reminiscent of '/
want more tea please' for DR2 (Figure 4C). She then shared memories of her and her mum learning together years earlier
that a local bird of the United Kingdom named a yellowhammer has a call reminiscent of the phrase, “a little bit of bread
and no cheese”. This story exemplifies that becoming familiar with bird calls by similar-sounding human speech
resonates as an engaging activity that can help with remembering calls. Auditory pareidolia shows similar promise as
visual pareidolia for bird vocalizations, with players applying meaning to calls that have the potential to support them
becoming auditorily more relatable, recognizable, and memorable.

5.4 Gamefully Questing for Calls

5.4.1Finding Bristlebird Calls by Sensemaking with Previous Challenge Experiences

All prior sections provided players playful and gameful experiences that were then applicable to the gameful task of
identifying bristlebird and other calls in soundscapes. Bob’s guidance through each of the previous sections assisted
players in developing a process for identifying vocalizations. Players applied strategies gained through experiences
gamefully matching spectrograms, calls, and photos; playfully exploring bird media; and creatively naming calls. Often
players began to search for bristlebird calls by applying a broad process of elimination that was commonly adopted when
matching soundscape audio recordings and spectrograms previously. Once soundscapes that seemed to lack bristlebirds
were ruled out, players would begin homing in on specific calls. This meant that players then attended to determining
what features make a call unique, as a common discrimination strategy. Those players who commonly verbalized calls
onomatopoeically or via whistling continued to do so during Call Questing. Additionally, players often explored how
calls in the soundscapes related to their personalized names created. Players related their visual pareidolia names more
often than auditory ones. The playtest session highlighted the value in providing players with a diverse mixture of agent
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guided playful and gameful interactions that engaged them with learning a suite of processes to identify specific sounds
from environmental audio recordings.

5.5Enjoying Experience

5.5.1Gaining Interest in Bristlebirds

The narrative of the Challenge prototype focused on understanding design needs to support the use of audio for
bristlebird conservation. The focus on bristlebirds piqued player interest in learning more about the secretive species.
Playtesting confirmed that no player knew of Eastern bristlebirds by sight or call. For instance, when Bob inquired if any
bristlebird calls were heard or seen in the second level of the Soundscape Match, no players identified the planted
bristlebird calls, beyond DR3 randomly guessing correctly (i.e. calls within pink circles in Figure 1B). Most players
became curious to know more about the species than what was revealed explicitly in the Challenge sections. For
example, some inquired about the bristlebird’s eponymous feather bristles at the top of its beak (PR3); how audio
recordings of the bird were collected (DR1); the meaning of calls, and whether players may encounter the birds in the
wild (PR2). The reactions of players to the narrative of the bristlebird story show promise for interest to be sparked to
learn more and potentially take action to help the species.

5.5.2Matching Soundscapes was Taxing, Albeit Engaging

Overall, the Soundscape Match was enjoyable, despite being the most cognitively demanding section of the Challenge.
Players enjoyed how they were introduced to audio interpretation and other game mechanics, though the lack of explicit
direction led to some confusion. For example, not telling players that the initial habitat photo was just for broad context
caused some to search the image expecting to find a bird (DR1). Players also indicated wanting advanced warning that
they would need to remember the audio they heard to match it by memory to a spectrogram later in the Challenge. While
players readily matched the first two soundscapes (Figure 2), some did not recognize that Level 2 repeated soundscapes
from Level 1 (Figure 1B). Additionally, some players found the jump from two soundscapes to six a bit overwhelming
(DR3).

Given our use of PowerPoint, players were required to remember simultaneously which audio recordings had been
played, which spectrograms had been matched, and which media needed further interrogation. Having to retain such
information proved an arduous and cognitively demanding task that caused temporary frustration for some players. This
may, in part, explain why a few took a rather haphazard approach to matching tasks. Bob’s sassy comments helped to
lighten the mood and caused most players to laugh, helping to alleviate tension from cognitively demanding interactions.
Some players, such as DR2 and PR1, however, took delight in the difficulty of tasks, happily replaying calls several
times when matches were forgotten and to resolve initial ambiguity. PR1 shared this natural inclination, saying, “/'m
gonna play that again and see if I'm right because as a musician, I don't play one thing once. I play it like 20 or 30
different times”.

Overall, the gestures and comments of players during gameplay indicated they were engaged, irrespective of any
temporary frustration. Upon completing matches, all players sought to be reminded of their decided pairs, so they could
determine if the feedback received matched their responses. All players were eager to know how they did with each
gameful activity level, indicating overall enjoyment and that the task enticed them to compete with themselves. During
reflections, players regularly stated finding that the task was fun. Additionally, they readily suggested useful ideas to
reduce the memory burden, such as to drag and drop media, draw lines, or tick boxes. They also suggested other ways to
elucidate associations between soundscape spectrograms and audio, which further demonstrated their interest in the
experience. The Soundscape Matching section was likely most difficult in part because it was also the first section
introducing players to game mechanisms, as well as crossmodal perception of audio by sight and sound simultaneously.
Playtests showed promise that orienting people to the sounds of the wild with supportive guidance may help to abate
feelings of frustration while learning a difficult task.

5.5.3Feeling Enthusiastic About the Mixture of Gameful & Playful Multisensory Activities
As with the Soundscape Match, players exhibited and expressed enjoyment for other activities, often offering ideas to
improve and extend interactions. Designers liked the gameful design of matching spectrograms and audio recordings in a
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scaffolded way, and then searching for bristlebirds, with feedback received at every level (Figure 1B, D, & F). While all
broadly enjoyed exploring materials in the Bioacoustics Bonanza section, some players (DR2; PR3) were enthralled with
exploring and critically thinking about “dialog” between Bob and other birds describing call features. Several players
also enthusiastically opted to complete optional bonus Soundscape Match and Questing for Calls sections.

While matching spectrograms with audio recordings could easily be done without prior experience, as DR3 pointed
out, matching the birds by what they looked like to their calls was impossible without prior knowledge or training. We
consciously designed the section this way to assess prior knowledge, but since players were not told this explicitly, the
feedback was useful to validate our assumption. DR3 elaborated that despite being unable to accurately match photos to
calls, she enjoyed seeing the birds and imagining their personalities based on appearance. She also suggested design
ideas for restructuring the Challenge to create more opportunities for learning about how the appearances of birds may be
related to their calls.

Collectively, players enjoyed the opportunity to be creative by imagining names for calls (Figure 4). Though
preferences varied for naming calls by sight or sound. Most players were confused when first asked “What does it sound
like this bristlebird is saying?”. To clarify, the researcher described a range of example mnemonic devices commonly
used by birders, including creating birdie talk [9] (i.e. verbally mimicking calls as some players had already naturally
been doing), relating the calls to human words, and likening calls to everyday sounds. Some players suggested that
prompts would be helpful, with PR2 suggesting Bob Bristlebird could provide this information. Once given guidance,
most players enjoyed naming each call by sound and expressed a curiosity for how others named calls. When naming
calls together, PRC1 and PRC2, sometimes reached an agreement. Other times, they teasingly joked about one having a
better idea than the other, hinting at a light-hearted competitive nature. PRC1 later reflected, “I am quite competitive as a
person”. He then described enjoying being able to compare his answers and name interpretations with PRC2. Then
recalling a particular moment in completing the Questing for Calls section, PRC2 said to his sister, who did not identify
as a birder, “I was jealous of your ability to be like, ‘oh, that's a noisy miner’, and you knew exactly what it was, it's
impressive”. Our playtests show promise that combining playful, gameful, and social interactions may create an
enjoyable experience exploring environmental audio recordings. Additionally, the study shows how people’s feelings
about certain tasks can be wide-ranging, albeit providing a variety of tasks can provide an overall engaging experience.

6 DISCUSSION

In recent years, Preece [48, 49] highlighted opportunities for HCI researchers to advance the design for nature
engagement and saving species with citizen science. This study builds upon this call to action by exploring design with
environmental audio recordings to inspire more people to take notice of nature’s sounds and support wildlife
conservation. Our study revealed that delightful interactions with environmental audio recordings hold promise to pique
people’s interest in learning more about wildlife (RQ1 & Table 3). Engaging our players with environmental information
through both creative and goal-oriented audio encounters enticed players to be curious about a little-known bird species
and nature. Additionally, our findings show promise that such designs can engender skills likely to support people in the
study of wildlife (RQ2; Table 3). While we did not quantitatively evaluate skill increase, our detailed qualitative
investigation of players’ interactions with the Challenge suggests activities were fun and useful. This was particularly
evident when reflecting on how players applied experiences earlier in the Challenge playtest to the final task of
identifying bristlebird calls in soundscapes.

However, this is just one piece of a very large design puzzle. We still need to understand how design can support
people with meaningful and engaging ways to explore, study, and save the wild. Looking forward, we reflect on how
players engaged with each type of interaction. We provide recommendations for designing to engage people with nature
and species conservation using audio recordings (Table 4). Additionally, we frame the remainder of the discussion with
key questions worth further investigation.

Table 4: Recommendations from interactions with the Challenge

Interactions (section) To support fun experiences learning sounds of the wild, consider including:
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Receiving Guidance (5.1) Fun guidance for mechanics, sensemaking, & emotional support (e.g. with a playful agent)

Matching Media (5.2) Gameful, scaffolded media with diverse examples to gradually home in attention on calls
Exploring Media (5.3) Playtful sections that offer freeform exploration of context and elicit multisensory creativity
Questing for Calls (5.4) A mixture of guidance, gameful, & playful interactions for useful context to identify birds
Enjoying Experience (5.5) A range of diverse, changing interactions to account for sensory & animal preferences

6.1 Receiving Guidance: What Form of Logistical & Emotional Support
Advances Learning?

The need for guidance to support the learning of animal calls and interpretation of environmental audio recordings is
evident [40-42]. Bob Bristlebird, the conversational agent, was central to providing logistical instruction on game
mechanics, audio interpretation, and nature information. The emotional support he provided was also a critical
ingredient. Bob kept a lighthearted tone, even as players became self-conscious or taxed completing tasks. Agents built
with ill-timed or presumptuous interventions are known to be disliked [56], so understanding how people feel about
agents like Bob with long-term learning about nature deserves attention. Also, other forms of emotional support would
be worth exploring.

6.2 Matching Media: How Can Gameful Interactions Lead to Stronger
Contextualization?

Previous studies demonstrate that spectrograms can help people interpret environmental sound [13, 41]. Understanding
what factors influence the shapes of sounds in spectrograms is difficult without training [40]. This study deepens our
understanding of ow players related auditory cues embedded in audio to visual representations. What makes this
possible is the human brain’s ability to receive and interpret multiple cues that share space and time (i.e. crossmodal
perception [35]). While our spectrograms were a static visual on a screen, our players perceived how sounds in audio
related to the visual over a common time. Whether relating audio and spectrograms of soundscapes or short calls, players
crossmodally perceived differences between recordings. Matching calls was likely easier than matching soundscapes for
players because of the difference in the amount of audio being presented at once. This study highlights the processes
players used to crossmodally interpret spectrograms and audio recordings. Aspects such as how much audio to provide in
activities, how many calls to feature, and the influence of environmental context, are worthwhile to investigate, for those
seeking to support nature engagement and learning wildlife calls.

Players without prior knowledge were unable to match bird photos with calls, though they still had fun playfully
personifying birds. Similarly, such serendipitous engagements personifying animals were also noted for some citizen
scientists who were enticed to take more notice of local bees visiting their garden [58]. Personifying animals is common,
whether pets or wildlife, and this may well be useful to help people connect with animals. One study has shown that zoo
visitors who observe orangutans using interactive technologies “responded with cognitive, affective and motor empathy
for the animals” [69, p. 6075]. Given our interest in helping wildlife, we want to ensure that creatively relating animals to
how humans engage with the world is balanced with relating people to how animals interact with the world and their
survival needs. Studies have begun to explore the design of playful and gameful encounters with information about
nature [40, 60]. Though more research is needed to understand if such interactions result in greater long-term
environmental awareness and meaningful actions.

Our players demonstrated that they possessed a wide range of prior experiences that applied to making sense of bird
media. Several had experiences with music, local birds, or visualizations of audio that aided with media interpretation.
Perhaps designing with groups that have specific skills could create citizen science synergies. A group of ecological
sound artists, for example, have the potential to be one such ideal group given their mastery of sound and passion for
raising environmental awareness on a variety of topics, from elephant conservation to preservation of river ecosystems
[3, 27, 28].
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6.3 Exploring Media: How Can Playful Exploration & Creativity be
Harnessed?

Playfulness has received little attention in relation to environmental awareness or citizen science [47, 60]. Several
players invested substantial time in playfully interacting with bristlebird calls and media for four additional species.
People commonly switch into playful modes of thinking momentarily in gameplay [16], which was also observed during
our playtests. During the taxing task of matching soundscapes, some imagined how calls related by shape and sound
without prompting. Additionally, some creatively personified birds during gameful tasks, which appeared to keep them
engaged, even when having little knowledge of the birds to relate to sounds. Later, players also readily engaged with
creating names for the three bristlebird calls by sight and sound in the Naming Calls section. Both planned and
unplanned moments of play illustrate the engaging nature of play. This study demonstrated the value in designing to
foster exploration and creativity in nature-focused and citizen science gameplay activities. Other citizen science studies
similarly found affording moments of such open exploration and creativity to be beneficial as well [47, 58].

HCI studies often highlight how interactions of verbalizing, sketching, photograph viewing, and audio listening can
elicit emotive memories, aid in developing or regaining language, and support music composition or listening [31, 45,
51, 62]. Contrarily, our players often attached memories to calls when engaged with naming them by shapes and sounds.
Being able to create a personalized language for bird calls based on shape and auditory characteristics may entice people
who would traditionally feel overwhelmed with trying to directly learn the complexities of nature. Assigning these types
of meaning may make calls more relatable, memorable, and recognizable. Further investigation of shape naming, sound
naming, and memory-making activities for relating to nature is worthwhile.

6.4 Questing for Calls: How can Playful, Gameful, & Multisensory Experiences
be Synergistic?
Players readily applied their previous playtest multimodal game experiences to the final task of identifying calls of
Eastern bristlebirds. Given the exploratory nature of this study, we were not concerned with whether players accurately
identified the bristlebird calls. However, if ecologists and citizen scientists want to identify calls from audio recordings to
study wildlife, then there is a need to ensure that identifications are accurate and accessible [26]. This would help
increase the scalability of using audio so that we can all learn about our wildlife. A variety of questions could be asked,
such as which gameful and playful interactions most strongly influence call identification accuracy?

Our study found players were interested in other players’ naming attempts as well as enjoying playful freeform
activities themselves. To share call names remotely, players would need enticing, easy to use support to examine, tag, co-
create, share, and discuss creative interpretations of bird calls by sight and sound. Sharing of call names has the potential
to lead to new forms of folksonomies, which arise “from data about how people associate terms with content that they
generate, share, or consume” [29, p. 1]. One text-based, freehand folksonomy exploration for audio with wildlife showed
that usefulness for small-scale audio libraries may be limited because of being sensitive to differences in variables, such
as spellings of a common name or onomatopoeic interpretations [66]. Nevertheless, folksonomies can help to coordinate
citizen science efforts if systems support citizen scientists to curate the tags as well [32]. The visual and auditory
pareidolia interpretations provide the basis for a new type of multisensory folksonomy. Along with textual tags, people
may provide sketches and audio recordings to elucidate ideas. They may also provide context, offer musical
interpretations, and share personal stories, to make learning what birds look and sound like more playful and memorable.
Perhaps inspiration can come from the audio aspects of Games with a Purpose for music tagging [19, 33, 36]. Further
investigation is needed to understand how player’s mnemonic aides influence their ability to recognize calls in
soundscapes. Additionally, exploring, whether sharing mnemonics is helpful, and how folksonomies can support both
visual and auditory interpretations of wildlife calls is worthwhile.
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6.5 Enjoying Experience: How Can Contextual Audio Encounters Build Care
for Nature?

Our study highlights a variety of ways that players enjoyed interacting with environmental sounds when provided with
guidance performing gameful tasks and exploring playfully. When searching for bristlebirds in the final section, players
applied the strategies they developed in previous sections, as well as concurrently applying relevant prior knowledge.
Citizen science projects commonly engage citizen scientists to complete single tasks, such as submit or classify
photographs or audio recordings to eventually inform artificial intelligence algorithms [8]. However, people exploring
bird media craved access to contextual information about the species and habitats [40, 41]. Our players gained
satisfaction from personifying animals that caught their attention, which may signify the development of empathy
whether interactions were in situ or digital explorations. It’s worthwhile to remain vigilant to design towards community
interests and empowerment. Design can provide ways that lead communities towards greater holistic engagement with
nature and actions that support wildlife. This is contrast to most contributory citizen science, designed with communities
being guided by scientific objectives with limited opportunities to foster true partnership.

Exploration of the Challenge evoked ideas for interaction strategies and revealed players gaining satisfaction at
different levels based on sensory preferences. While gameful tasks in the Challenge were designed to compete against
oneself, players mused about what completing it in pairs or teams would be like, whether through competitive or
cooperative approaches. More broadly, each player had preferences with sight or sound. Deeply understanding the
influences of such tendencies, such as differences in learning styles, physical ability, or prior experiences, may inform
designs to reduce hurdles of engagement.

7 CONCLUSION

Our study explores the design and playtesting of the Bristle Whistle Challenge. This prototype was created to investigate
how gameful and playful interactions with audio and visual media can support engaging with nature and learning how to
identify bird calls. The Challenge is focused on endangered Eastern bristlebirds since the species stands to gain if the
public becomes awareness of its plight and the citizen science community can support its conservation by identifying
calls in audio recordings. Our exploratory Challenge playtests revealed that, with guidance from an agent, players were
engaged, curious, creative, and gameful while completing the multisensory experience. This study highlights the value in
designing creative multisensory interactions that provide environmental context when designing audio encounters. Such
interactions also show promise to engender people with skills to identify wildlife. We contribute a detailed understanding
of how players engaged with different media. We also offer future design research recommendations. Our studies point
to the gulf between existing interactions with audio data and what is possible through attentive interaction design that
explores multisensory and creative engagement. Our natural environment is in desperate need of human beings to hear its
calls. Engaging people with nature is more so an interaction design problem than any other kind of problem. We,
therefore, call upon the CHI community to step up efforts in designing to engage with nature.
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