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ABSTRACT

We present two proof of concept experiences for a virtual
reality (VR) game that draws on several medium-specific
qualities of mobile, location-based, and tangible
storytelling. In contemporary smartphone-VR, experiences
are limited by short playtimes, limited interactions, and
limited movement within a physical space. To address these
limitations, we suggest a reconceptualization of
smartphone-VR. Rather than design that deems the
smartphone the least capable VR platform, we propose
design that adds VR to an already rich mobile storytelling
platform. We argue that by drawing on otherwise separate
storytelling media, designers can circumvent limitations
related to smartphone-VR while also extending the range of
smartphone-based storytelling. We conclude by reflecting
on possible implications of this extended design space.
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INTRODUCTION

Contemporary virtual reality (VR) offers a range of
experiences that are shaped, in part, by the technologies
they employ. Smartphone-enabled VR headsets, as
compared to higher-end, PC-enabled VR, offer limited
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tracking capabilities, limited movement and limited
interaction. The specificity of the design challenges for
smartphone-enabled headsets like Samsung Gear VR,
Google Cardboard and Daydream, warrant design that
considers the specificity of this medium, which we call
smartphone-VR. These challenges necessarily include many
of the broader limitations of VR. For example, commercial
VR experiences are also primarily indoors, single-player,
and depending on the headset, designed for seated
interaction (cf. research that offers an early glimpse at
outdoor VR [15, 30] and multiplayer VR [10, 41]). Another
limitation of VR is the duration of experiences. The health
and safety warnings for Oculus suggest that many of the
adverse effects of VR can be avoided with frequent breaks,
and by closely monitoring one’s own sense of discomfort
[46]. The current content design strategy for smartphone-
VR appears to be relatively short and easily shareable
experiences [16, 27]; the most popular of these experiences,
ironically, is roller coaster simulations, which are also said
to cause discomfort [61].

We argue that despite these limitations, there is an
opportunity to reimagine the scope of smartphone-enabled
VR storytelling, offering the means to overcome some of
the more general limitations of the platform while clarifying
its affordances (cf. the “transmedial” motivation in [4]).
Our effort here is not to propose new technologies to
address particular constraints, but rather to engage what is
readily available through a reconceptualization of the
medium of smartphone-VR. Rather than design that
considers the smartphone to be the least capable of VR
platforms, we propose a design rationale that adds VR to an
already rich mobile platform. We suggest that the medium
we must consider is not (only) VR—the medium, at the very
least, is the smartphone, which now includes the possibility
of VR as well as other tangible and embodied experiences.
To define smartphone-VR is to differentiate it from other
VR platforms. It is more portable than a PC-enabled
headset, affording the possibility to use it outdoors, and
unlike a self-contained mobile headset like the Oculus Go,
it is powered by a smartphone, affording the possibility to
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integrate the various media of a smartphone into a VR
experience.

Using a research through design approach [23, 70, 71], we
present two proof of concept prototypes that aim to
demonstrate these possibilities within narrative experiences
that draw on many of the affordances of today’s
smartphones, including a camera, text messages, GPS, a
website, audio narratives, and augmented reality (AR). We
also include a tangible object as well as a focus on some of
the site-specific characteristics of real-world locations,
arguing that there is an opportunity to engage with research
that focuses on tangible and embodied interaction as well as
a history of gaming in real-world environments (e.g., [38,
56]).

Figure 1. Opportunities for smartphone-VR, including a
tangible object, an audio narrative, and text messages.

Our work proposes ways in which smartphone VR can
extend beyond brief, seated, indoor experiences, offering a
design opportunity to examine interactions made possible
by crossing a variety of media within real and virtual
environments (Figure 1). Throughout, our proofs of concept
are driven by two design questions:

DQL1. Using the example of smartphone-VR, how might we
employ the strengths of one medium to compensate for the
limitations of another?

DQ2. What are some of the implications and/or challenges
of the design space of smartphone-VR?

Reflecting on these questions throughout our design process
and preliminary user test, we also contribute a discussion of
some of our concerns and recommendations for the design
of smartphone-VR.

RELATED WORKS

In order to reconceptualize smartphone-VR, this review of
related works highlights several interconnected strategies
for digital storytelling, many of which use or could be
complemented by the technologies within smartphones.
These traditions come with many names (transmedia,
augmented reality, alternate reality, cross-platform,
pervasive, hybrid, mixed, location-based, etc.), but these
names do not necessarily indicate or set the bounds of what
stories might exist within their scope. As technologies play

a significant part in defining the medium, and thus the
choices made by designers, by storytellers, and by players,
this review loosely categorizes examples by the extent of
their use of media.

Although a wider, more systematic review is beyond the
scope of this paper, a useful framework might categorize a
spectrum of media and media relationships. We follow the
rough outline of such a spectrum, from stories that rely on
several platforms at once, often using a combination of the
physical and the technological, to stories that combine
physical and spatial realities, to stories that rely only on
physical places. Overall, what is relevant to our own work
is the sheer range of online and offline storytelling histories.
We argue that smartphone-VR does not need to draw on the
history of VR alone. These areas of interest signal broader
possibilities for smartphone-VR, and a contribution of our
work is in drawing insights from a variety of fields,
expanding the state of the art by applying lessons from a
history of digital and non-digital storytelling.

Across a mediated landscape

Popularized by researchers such as Henry Jenkins [35, 36],
“transmedia” storytelling was touted as the “future of
storytelling” [34]. Drawing on contemporary examples,
Jenkins argues that stories can offer new experiences by
building on a single storyworld that crosses a variety of
media ([45] is a recent VR example of this). In contrast,
Fast and Ornebring [18] argue that such story constructions
can be messy and complex in attempting to respond to
changing audiences, technologies, and corporate interests.
For Janet Murray [43] predictions of the future of
transmedia miss the mark when they ignore an underlying
trend towards the digital, with digital-specific affordances
shaping how stories are told. Rather than (or in addition to)
a brand that crosses media, Murray argues that the defining
feature is the pervasive presence of digital forms and
formats.

Yet even when they are primarily digital, games and
experiences delivered across media can also exist offline by
including encounters and interactions with people, places,
and objects. The related traditions of alternate reality games
show the possibility of including phone calls, websites, text
messages, as well as interactions with actors or other
players in physical locations. Such offline experiences
expand the scope and the affordances of the larger
storyworld. For O’Hara, Grian & Williams [47], these
games can offer a spectrum of player roles and
participation, from those who collaborate and participate at
every level, to those who spectate from afar or online. Such
stories and the players’ levels of narrative agency can be
categorized along a spectrum of closed- to open-ended
(designer-driven to player-driven), while still emphasizing a
particular storyline [6, 25].

The physical and the technological
There have been many recent efforts to expand VR beyond
the limitations of its headset and controllers. These efforts



include the tactile feedback of a shape display [19], tangible
objects, both at-hand [9, 29] and presented by a robot arm
[2], and the expanded interactions of modified controllers
[12, 68]. Further attempts within the field of tangible and
embodied interaction include varying degrees of sensory
and/or real-world environments [30, 51, 60], as well as the
possibility of the embodied, Kinesthetic action of
wakeboarding [33], swinging [64], or using gym equipment
[50]. In the majority of these cases, VR appears to be the
dominant medium. In other words, VR is the medium in
which the experience takes place, with other media or
interactions catering to, or attempting to supplement, its
constraints. The real world and real objects are not part of
the experience unless the player is wearing a VR headset.
One indication of this is the lack of research examining
what happens immediately before or immediately after the
experience [39]: there is no designed experience beyond
VR. This suggests that there is an opportunity to include
other media and real-world experiences before and after
VR. Our proofs of concept examine this possibility.

The spatial and the technological

Designing VR for outdoor locations is in its early stages.
Members of the Madeira Interactive Technologies Institute
designed two separate experiences that involve VR and
outdoor locations; these two appear to be among the very
few that exist. In Dreamscope [44], VR is used as part of a
physical art installation, while AR is used outdoors with
location-based tags. Fragments of Laura [15] is closer to
our own conceptualization, as the authors propose to
investigate how the portability of VR might change the
medium. Players wear a VR headset outdoors, again with
location-based tags. Our own proofs of concept draw on
and expand this work, which the authors call “the tip of the
iceberg” for mobile VR [15]. Whereas the authors study the
difference between a mobile phone and VR headset in the
same location-based experience, reflecting on DQ1, we
examine how both might be used: how might one medium
compensate for what is lacking in another?

AR contrasts VR in its history of design catered to physical
locations, both indoors and outdoors, and in its tradition of
design for cultural history [5] and fictional narratives [59].
Outdoors, AR is said to offer ways to subvert power by
telling alternate or lost narratives of particular sites [40].
For example, Engel [17] argues that such locative media
applications (which can include location-based audio, text,
and photos) are an opportunity to engage with queer sites
and narratives that might otherwise be invisible or erased.
Reflecting DQ1, one medium can be emphasized above
others, or in conjunction with others, like the “location-
aware” sound design of the AR game Viking Ghost Hunt
[49]. Similarly, the “walks” designed by Janet Cardiff and
George Miller [8] use the physical space as both physical
and virtual setting, with events taking place as audio
narratives and/or on smartphone screens while the player is
in the represented location.

The absence of the technological

In their emphasis on the technological affordances of
particular stories, what is lacking in some of the above
cases is a consideration for the quality and extent of
player’s role(s) within particular environments. Thus,
another storytelling tradition that smartphone-VR can draw
upon is the history of live action role-playing games
(LARPs), in which players take on characters within real-
world environments to varying degrees of fidelity. As with
the other categories of storytelling traditions in this section,
a detailed discussion of LARPs is beyond the scope of this
paper (see e.g., [56]), but LARPs are said to offer examples
of ways to engage with the personal and/or national politics
of discourse, the economy, labor, and gender identities
within communities across several countries [38].

While these offline games do share similarities to online
role-playing games [66], a key difference is players’
embodied and social actions within their physical spaces.
Even when LARPs use technology, these technologies must
fit into the larger storyworld that the LARPs create [58].
The concept of combining VR and LARP experiences
across a physical-virtual continuum has been proposed by
Junior et al. [37], which the authors suggest could rely on
context-aware objects, surfaces, and spaces. Yet, offline
LARPs exemplify a rich variety of non-tracked, open-
ended, physical and social interactions that do not require
any technological mediation. Extending DQ1, designers
could ask how the strengths of the offline world could
compensate for the limitations of the technologically-
mediated world.

DESIGN RATIONALE

In order to address our two design questions, DQ1 and
DQ2, we propose a research through design (RtD) approach
that offers “design artifacts as outcomes” [70], which
“embody the myriad choices made by their designers” [23].
Following Gaver [23], we suggest that the value in this
approach is in its “generative” qualities, contributing
conceptual artifacts through which we can examine the
design challenges and implications of smartphone-VR. In
Gaver’s terms, we seek to “give dimensionality to [a]
design space,” by creating proofs of concept as an
exploration of “what might be” in the medium of
smartphone-VR.

We engage this design space by proposing that smartphone-
enabled VR has the potential to be much more than VR
alone. VR is a decades-old medium [62] but lacks the
history of storytelling of the other media described here.
Moreover, VR has several limitations imposed by its
hardware and its software, as shown by the health and
safety warnings for current headsets [46]. While
technological research and development may one day
ensure a comfortable VR experience, it is troubling that this
medium has gone to market with so many known risks, and
so few mitigation strategies [53]. Our effort here is not to
propose new technologies to solve such problems, but



rather to re-engage what is already available by
reconceptualizing the medium of smartphone-VR.

Rather than design that considers the smartphone the least
capable of VR platforms, we propose a design rationale that
adds VR to an already rich storytelling platform. We argue
that storytelling with VR does not need to be bound to the
constraints of VR. According to the health and safety
warnings from Oculus, players should limit their first
experiences to a few minutes, and after becoming more
accustomed to the headsets, should still take 10-15 minute
breaks every 30 minutes, “even if you think you don’t need
it” [46]. If current VR must be limited in duration, we
propose to continue the story with other media,
transitioning between media while drawing on the strengths
of a variety of digital and non-digital storytelling. Similarly,
if smartphone-VR is constrained by seated, indoor
experiences, we propose stories that transition to other
media to highlight the storytelling possibilities of mobile
interactions and outdoor spaces.

Drawing on the related works, the storytelling traditions in
both digital and non-digital settings offer many
opportunities to conceptualize an expanded design space for
smartphone-VR in both indoor and outdoor settings.
Storytelling with smartphones already includes examples of
text messages [24, 28], GPS [1, 49], a website [28, 47],
audio narratives, [8, 49], AR [49, 65] and real-world
locations [15, 28], but there is nothing to suggest that these
storytelling possibilities need to be separate. Further,
experiences can include other available sensors (see e.g.,
[48]) and storytelling outside the virtual environment could
also include tangible objects [29], or other players or
characters [3, 11, 22].

With our proofs of concept, we suggest that a medium-
specific story within this design space might attempt to
draw these characteristics together to tell a story that could
only be told with this medium (or more specifically, this
combination of media). To draw together these otherwise
disparate platforms, we draw on the notion of diegetic
design [30], whereby such aspects as the technology and the
physical locations become integral to the story. The diegetic
smartphone, then, is not just a medium through which the
story is told, but is also part of the story, directly linking the
player to the fictional environment.

Reconceptualizing and expanding the design space of
smartphone-VR is well suited to an RtD approach because a
consideration for a variety of media and locations adds
complexity just as it adds a range of design possibilities.
The combination of possible media choices (including
medium-specific problems like cybersickness), with the
unknowns of open-ended interactions, and the differences
in physical bodies and physical spaces, suggests that work
in this design space must actively question and examine its
parameters. Any holistic attempt to reconcile these
interdependent contingencies is an impossibility if each of
these variables can change from one experience to another.

The proofs of concept, therefore, do not intend to offer a
complete solution. Instead, the proofs of concept offer a
lens through which to ask questions about the design space.
This, in turn, “provides an opportunity for the research
community to engage in discourse on what the preferred
state might be as an intentional outcome of the research,
allowing us to consider the ethics of what we design” [71].

INTERACTION SCENARIOS

We developed two proof of concept scenarios to better
assess our design questions and to demonstrate some of the
extended possibilities of smartphone-enabled VR.
Following our RtD approach, our proofs of concept are
sketches of narrative experiences, just as our virtual
environments, user interfaces, and tangible object are
prototyped examples. These aspects combine to form
conceptual artifacts used to explore the design space.

Both experiences follow a similar plot: the player is drawn
into a mystery in which they must solve their own
impending “vanishing.” The player is guided by an external
character who directs the player to clues, taking the player
to real world locations using a variety of smartphone-
enabled media. The second scenario iterates on the first, in
part to show how different locations can contribute unique
storytelling possibilities to the experience, but also because
our first location raised concerns related to DQ?2 (i.e., what
are the implications and challenges of this extended design
space?) that prompted us to re-examine what we include
and exclude from our design (see Discussion).
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Figure 2. The greenhouse. VR shows the location of the
tangible object, which in turn provides more clues.

The Greenhouse

The player begins the experience with a smartphone prompt
to enter their name and to take a selfie. The player is
welcomed into the game with a message that says the game
is designed specifically for the player. The first text that the
player receives (this could be days later, but in our
prototype happens within a few moments) is from a
mysterious non-player character (NPC), who sends a link to
a webpage. The webpage shows a news article displaying
the player’s selfie and their name, with text describing a
mysterious event in which the player vanishes in front of
disbelieving witnesses. The player receives another text
telling the player to look again at the news article, and that



the date it shows is from the future. It should not be trusted,
the player is told; the events of that day can still be
changed. The player receives another message with a link to
a Google Maps location, with further messages telling the
player that there is an object they need to find that will help
them prevent this future.

Following the map, the player arrives at a nearby public
greenhouse. The player’s GPS location prompts another
message, telling the player that they will need to use VR to
find this object. VR shows the player two views of their
real-world location: a 1st-person perspective and a bird’s-
eye view. In the bird’s eye view, the player sees a red
beacon where the object can be found, hidden, in the public
garden (Figure 2). Retrieving the object, the player finds
that it is a digital device with a small flashing LED and
sounds that can be played with the press of a button. The
back of the object shows an etched map with a marked X
and a QR code. To the player who has seen the greenhouse
from above in VR, the map shows an overhead view of the
greenhouse and the location of another clue. The player
scans the QR code, receiving a link to an audio message,
finally hearing the voice of the mysterious NPC.
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Figure 3. The labyrinth. The VR environment shows the
hidden reality of the storyworld.

The Labyrinth

Our second proof of concept uses many of the same
characteristics as the first, including the selfie, GPS, the
website, and the text messages from the NPC warning the
player. In this iteration, the real-world location is a nearby
public park that features a labyrinth—a circular walkway
that invites parkgoers to follow a maze to its center (Figure
3). As with the greenhouse, a virtual representation of the
labyrinth is featured in this version of the story. In lieu of
the tangible object we focused our efforts on an audio
narrative and AR (see Discussion). Once the player is near
the park, they receive a link from the NPC that opens an
AR arrow, which is designed as if it always points to
mysterious “portals.” The NPC communicates with the
player via audio clip, telling the player that it is portals
causing the vanishings and that he, too, has vanished. The
NPC will help, but he can only communicate with a
disembodied voice from the virtual world. It is not too late
for the player, but these portals must be closed.

With audio, text messages, and the AR arrow, the NPC
directs the player to the front of the labyrinth and instructs
the player to put on the headset. As with the greenhouse,
the player sees an alternate version of their real-world
location, now showing the labyrinth as the portal that
caused the NPC’s sudden vanishing. Within VR, the voice
of the NPC again speaks to the player about the danger of
the portals. When the player switches to the bird’s-eye
view, an overhead view of the city shows many portals that
must be closed, extending the scope of the player’s goal.

IMPLEMENTATION

Our proofs of concept offer examples of ways to expand
smartphone-VR to include the storytelling possibilities of
smartphones, as well as a tangible object, and real-world
locations. Several hardware and software components
needed to come together to enable the two interaction
scenarios above. In an effort to address DQ1, our design
choices reflect an attempt to draw on the multiple
affordances of smartphones, with one medium (e.g., SMS)
linking another (e.g., a website), before drawing players
back to real-world locations (with e.g., an AR arrow).
Together, these design choices demonstrate ways that a
variety of media can work together, adhering to the
limitation of a short playtime in VR while also extending
the story beyond VR.

The hardware consisted of a Samsung Note 5, a Gear VR
headset, and Bluetooth headphones. We used a Node.js web
server to manage the narratives. The server stored player
data, kept track of their narrative progress, and triggered
narrative actions such as sending automated SMS messages
to the player based on predetermined conditions. For
example, we used the device’s location to trigger SMS
messages to the phone; in one case, a portion of the audio
narrative designed specifically for a location was sent to the
player within a 50-meter radius of that location. We used
the Twilio service to send automated SMS messages. An
android application allowed the players to upload their data
(their name and a selfie) and share the device’s GPS
location data with the web server. The player’s data was
used to dynamically modify a fictional news site hosted on
the web server to show a date in the future and an article
featuring several instances of the player’s name. This site
was shared via SMS messages. Google Maps were
incorporated into the narrative using links sent via SMS.

We created the VR environment in Unity by modifying a
3D model of real-world locations obtained by accessing
local geographic information systems (GIS) data. Textures,
particle effects, and audio cues were used to create a VR
world that represented an alternate version of the real-world
location. In the first narrative, for example, a glow was
visible in the VR world that correlated with the location of
a tangible interactive object in the real world; in both
prototypes, the VR world showed an alternate reality
blending the fictional worlds and the real world. Drawing
on the affordances of VR, the overhead view in both



experiences added storyworld information that was
impossible to see from the player’s real-world vantage
point. In the first, the player could see not only the location
of the tangible object, but also the overall layout of the
greenhouse that they would be asked to navigate; in the
second, the overhead view extended the scope of the
narrative, with virtual portals across the city.

The tangible object was repurposed from an educational
context in which students were tasked with building and
programming an Arduino-based object with an LED, a
button, and a speaker. For our design, we sought to
highlight both the physical and the digital qualities of this
tangible object as if it were an object from the storyworld
(e.g., [63]). We planned clues based on the digital
affordances of the device, with the beeps and the flashing
light indicating a code that the player would later be
required to input. We added a QR-code to link the player
across media to an audio clip. To extend its non-digital
characteristics, we used a laser-cutter to etch an overhead
view of the greenhouse with an X marked on one of the
rooms, linking the knowledge the player would gain in one
medium (VR) with the medium of the tangible object.

Our second interaction scenario included many of the
elements of the first. We did not include the tangible object,
but we added AR, changed the location, and expanded the
audio narrative. We created an AR mobile app using Unity.
The app used the smartphone’s compass and GPS data to
overlay an arrow in the camera feed that guided players to a
key location in the narrative. Using GPS data, once the
player reached a desired location, the app showed buttons to
trigger audio narratives on the phone and in VR. To create
the audio narratives, we recorded voice narration with
binaural microphones in settings that would match the
ambience of the narrative location. We processed the audio
to increase the “in-your-head” effect that binaural audio
provides, and added artificial effects designed to heighten
the sense of foreboding in the narrative.

EVALUATION

We conducted a formal user study focusing on the second
proof of concept with three male-identified (M) and four
female-identified (F) participants (P), ages 19-33. Given the
scope of our RtD approach, the goal of this study was not in
pursuit of standardization or to attempt to definitively
evaluate or compare the many variables of our design.
Within this context, as Gaver [23] argues, “tests which are
simultaneously unambiguous and ecologically valid are
inconceivable.” As such, we do not make any claims of
generalizability; instead, our findings (like our proofs of
concept more generally) are intended to advance discussion
on the design space of mobile storytelling interactions that
now includes VR, attempting to assess directions for future
work.

As the two proofs of concept were similar in scope, we
focused on the second because it was a more contained
experience while still offering conditions that evoke

questions about the design space. It also offered a greater
degree of safety: participants did not have to walk as far,
and if participants felt unsafe being outdoors, we had
nearby access to security staff. This meant that we did not
test with the tangible object from our first proof of concept,
but our focus in DQ1 and DQ2 was on the variety of
possible media including an outdoor experience, rather than
the inclusion or exclusion of a particular medium.

After a debrief on the technologies and the possible adverse
effects of VR, participants signed consent forms and began
the experience. Participants were asked to think of the
phone, headset, and headphones as their own, and to think
of this experience as if they had purchased or signed up for
an interactive narrative. Participants were aware that the
experience would include VR and would require them to go
outdoors. We told participants that at least two members of
our team would accompany them in order to observe,
answer questions, and be present in case of any concerns.

In our lab, participants entered their name, took a selfie, and
then received the website and text messages from the NPC.
When prompted by a text, participants followed the AR
arrow outside where further messages triggered the audio
narrative and the VR experience, which also included
audio. Participants returned to the lab where they completed
a questionnaire designed to ask about general impressions
as well as specific thoughts on individual portions of the
experience. Participants were compensated $10 for their
time.

Due to the exploratory nature of our work, we did not use
standardized questionnaires, but rather designed questions
to elicit general feedback around the variety of media
involved and to prompt discussion related to DQ1 and DQ2.
Towards, DQ2, for example, we asked how participants felt
about using smartphones outdoors generally, and how they
felt about the outdoor portions of our experience
specifically. Our questionnaire included both open-ended
questions (e.g., “What did you like the most?”, “What did
you like the least?”, and “How would you describe the
experience overall?”) and 7-point Likert-style questions
(“Making progress in the game was easy,” and “I enjoyed
the text messaging aspect of the game,” strongly disagree to
strongly agree). The questionnaire was followed by a semi-
structured interview. The questions in the interview were
similar to those in the questionnaire, but the semi-structured
format allowed us to follow themes and to ask participants
to expand on particular impressions and ideas.

RESULTS

We analyzed the data using open coding, classifying
participant responses according to themes [13]. Following
our RtD approach, our primary interest was in responses
that could help to address DQ1 and DQZ2. Towards DQ1,
we found preliminary evidence of the effectiveness of using
a variety of media to compensate for limitations in the
story, design, and technological implementation. Towards
DQ2, we had asked participants about their thoughts and/or



concerns on using VR and cell phones outdoors, which in
all cases led to reflections on physical safety and/or social
discomfort.

In this section we focus our attention on the qualitative
data. Our intention with the quantitative data was to
corroborate general sentiments expressed in the interviews
rather than to gather comparative, generalizable data. While
our Likert data showed that the majority of our participants
(all but P3F) said that they enjoyed the experience, and
these six out of seven participants also reported that they
would like to play a full version of the game (even though
half reported that they do not regularly play video games),
such positive statements could be due to the novelty of the
experience. Future work may hope to gather and analyze
more nuanced and comparative data regarding individual
aspects of such experiences (e.g.,, medium, media
combinations, genre, story, interface, duration, etc.).

Blurring the Lines Between Media

The seven participants offered various responses with
regard to the portion of the experience that they enjoyed the
most, but all participants noted ways in which the game
“blurs the line of reality” (P6M). For P2F, PSF and P6M, it
was the text messages, which were also the first part of the
experience. For P4M, it was the audio narrative. For P1F, it
was the possibility to “live a story through someone else,
vicariously.” P3F liked the “surprise factor” of the website,
while P7M liked the “suspense element” of the genre.
These somewhat disparate responses might suggest that one
of the benefits of a design space that includes multiple
media is that there are multiple opportunities to engage
players. Our reconceptualization of smartphone-VR offers a
way to integrate these various media into a single
experience.

Reflecting on DQ1, the strengths and limitations of a
particular medium are not only technological, but also
include the strengths and limitations of the media as
perceived by players. P3F called the text messages “weird”
and P4M and P6M both called the messages “creepy”—the
intended effect; yet when P7M called the website with his
name and photo “scary”, it was because of an imagined
privacy breach rather than the story. Similarly, P3F, deleted
the messages (and thus could not progress in the story)
because she would not normally read anything from an
unknown number. A more holistic design perspective might
view media from a variety of perspectives (e.g.,
technological, social, and individual) in order to relate more
realistically to players’ own experiences and expectations.

Also, with regard to DQ1, we noticed errors in the GPS
accuracy and thus the AR arrow of up to 50 meters. Again,
other media helped participants find their way. When the
AR arrow failed, PAM found his way to the front of the
labyrinth with cues from the audio narrative. In this case,
the GPS and use of Google Maps from the first proof of
concept might have been more effective, bringing the
player to a general area and offering other media to bring

the player to a specific location. Similarly, some of the
limitations of the technology were circumvented by the
storytelling and its rapid pace. P2F and P6M both tried to
respond to the NPC, which we had not designed. But since
the NPC continued texting with imperative statements, as
well as the directive to follow the AR arrow, players did not
appear to be aware that their messages would receive no
direct response.

Public and Private Safety

All participants were asked about their considerations for
safety when using cellphones or VR outdoors. These
sentiments were often complicated: P7M first described
reasons he did not like the VR experience, but then noted
that he did not like using a cellphone or listening to music
when outside. “You are basically cut off from the real
world” (P7M). Outdoor phone habits such as these could
potentially predict a participant’s willingness to use VR
outside. P6M noted that he and his friends decided to more
conscientiously “practice safety (...). If you’re on the street,
no headphones. Pay attention to your surroundings. Even
when you’re on the subway.” While P3F did not like being
outdoors with VR for safety reasons, it was something she
liked in our experience. “You actually got to go outside. VR
I’ve tried in the past, we were just sitting down on a couch.
It’s cool that you could leave and go places” (P3F). Only
one participant, P4M, did not have any particular concerns
for safety, only a sense that wearing VR in public might be
“weird.”

Reflecting on DQ?2, these issues begin to suggest the need
for a more nuanced perspective on what privileges
particular players maintain within particular environments.
Such design considerations would need to reflect a more
diverse population. For example, we struggled with the
design of a game centered on characters who “disappear,”
as it has a problematic, implicit connection to the
disproportionate disappearances of Indigenous women in
North America. Our attempt to address this was to distance
our story from reality with characters “vanishing” into
mysterious, hidden portals. Similarly, we struggled with the
design of a fictional news article amid a North American
cultural context in which claims of “fake news” are
prevalent. Yet while other participants enjoyed the mystery
of the vanishing and seeing themselves in a fictional news
article, P6M hesitated. “In El Salvador, where I'm from,
violence, people going missing, is an everyday thing. It’s
reality, not fantasy” (P6M).

DISCUSSION & LIMITATIONS
We presented two proofs of concept driven by a pair of
design questions:

DQ1. Using the example of smartphone-VR, how might we
employ the strengths of one medium to compensate for the
limitations of another?

DQ2. What are some of the implications and/or challenges
of the design space of smartphone-VR?



After completing our design and our user tests, we suggest
that these questions must be interlinked rather than
separate. Each medium that we employ has a history of
storytelling and research. The addition and/or the
application of one medium can change players’ experiences
and thus designers’ considerations. As such, designers can
benefit from previous years of related research in areas such
as games studies (see e.g., ways to engage with the
problematic culture of video games [55]), ethical
considerations for alternate reality games [14], or research
into the challenges raised by a particular medium’s
affordances, as with recent AR applications [32].

Such interconnected strands of research suggest that the
advent of VR into the range of storytelling possibilities with
a smartphone requires a much deeper examination of how
its various media combine and interact, especially within
their broader social contexts. Even conscientious efforts
require a consideration of the implications and challenges
of expanding the scope of a medium. As suggested by our
design rationale, our proofs of concept offer a lens through
which we might critically examine our own design choices
and contribute to discourse on ‘“the ethics of what we
design” [71] as we examine “what might be” [23] in the
medium of smartphone-VR.

Based on our design process and user test, we identified
three broad areas that will require further research and
consideration. First, while outdoor and site-specific design
offers advantages, the social and political dimensions of
these spaces can prompt designers to ask, how does the
design account for the lived realities of these spaces?
Second, while the combination of several forms of media
offer new storytelling possibilities, designers can ask, what
are the ways in which particular media or particular
experiences limit participation? Third, as technologies like
VR become more affordable, designers can ask, what forms
of data do these experiences require, and how does this data
gathering stand to fit into a larger, corporate ecosystem? In
this section, we reflect on these questions and lessons
learned throughout our RtD process.

Figure 4. The greenhouse with a VR version of the
physical environment. How does the design account for
the lived realities of these spaces?

The Politics of Spaces

Technologically-mediated outdoor games are said to offer
advantages to players, from encouraging exercise [21, 42,
69] to community engagement [17]. Such games are said to
foster a better understanding of specific sites, and the
potential to allow players to renegotiate systems of power
[40]. Our decision to include outdoor spaces started from
this idealized position, seeing the opportunities rather than
the challenges of DQ2. The greenhouse and the labyrinth
have unique qualities. For instance, beyond the importance
of being a historical green space in the downtown core of
the city, the greenhouse offers heat, humidity, and the smell
of the flora in a public, wheelchair accessible manner. Both
spaces have long histories that could be highlighted in a
story that includes their geographical location. However,
such idealized, apolitical abstractions for the possibilities of
spaces can lack fundamental considerations of the city as a
whole, and the people in it.

Mary Flanagan [20] reminds us that there are politics to the
spaces in technologically-mediated location-based games.
Flanagan argues that we must critically engage with the
ways that such games appropriate, commodify, and abstract
space into privileged play that does not account for the
“lived realities” of the residents and their histories (Figure
4). Within our design, we acknowledge that we had not
adequately considered how both the labyrinth and the
greenhouse are located near shelters and social services for
people experiencing homelessness, people who are street-
involved, and people who consider themselves at-risk,
including social services for indigenous peoples [54]. The
parks offer a nearby reprieve for many. During our design
process, when we tested portions of our prototype at the
greenhouse, a verbal confrontation was a reminder of the
multiple subjectivities of this space in particular, which in
turn influenced our decision to focus the user test on the
second proof of concept experience.

As Valente et al. [67] suggest in their conceptualization of
“pervasive virtuality,” there are ethical concerns and
unintended or unknown consequences when we combine
the real and the virtual. Flanagan’s questions and concerns
continue to be relevant: Who has the ability, either socially
and/or physically, to navigate these spaces? How does the
game account for non-participants; how does it account for
those who do not consent to an implicit participation in
these forms of play? Such questions are all the more
pressing in a country with a history of still-active colonial
geographies [52]. Moreover, this does not imply that indoor
sites of play will offer a better solution, as the indoor space
can politicize the outdoor space by excluding it entirely.

Multiple Platforms & Players’ Experience

The logistics of playing a game that uses multiple platforms
and multiple locations can imply a familiarity with a variety
of technologies and also a willingness to carry these objects
around the city. Even the headset is a potential barrier:
beyond the physical and social discomfort of wearing a



headset, we noticed that P2F had difficulty putting the
headset on because the straps are not particularly conducive
to Afro hairstyles. Such considerations also raise questions
of accessibility: what bodies and what mobilities do such
interactions assume? How does the design address
differences in players, environments, contexts, games, or
stories? Designing for physical spaces might offer an
opportunity to engage with the city in new ways, but
particular spaces and particular routes are not necessarily
accessible. For example, the greenhouse and the labyrinth
are public and ostensibly accessible, but the accessible
routes are more circuitous than the one shown by our AR
arrow, which would point the player through grass and over
a small hedge. Just before we began testing, city officials
put caution tape on one of the sidewalks, a temporary rather
than permanent hazard, but one which our participants had
to navigate (Figure 5).

With reference to DQ1, some limitations are simply those
of our proofs of concept rather than those of the medium of
smartphone-VR. As we have argued, our design choices
reflect ways to draw on particular affordances at particular
times. Just as we can adhere to the limitation of short
playtimes in VR by extending the story beyond VR, the
limitation of an AR arrow that is not accessible could be
reconfigured to highlight accessible routes, and therefore
engage with the on-the-ground realities of navigating these
spaces. Designers could draw inspiration from examples
such as AccessNow, a map-based application that
crowdsources information on the relative accessibility of
locations around the world [72]. In addition to such
considerations, designers could also account for such
aspects as weather conditions and time of day. These
aspects could be determined by linking other applications
and/or using other sensors on the smartphone.

The notion of crowdsourcing is a reminder that these
experiences do not have to be designed for single players.
With VR, multiplayer experiences could offer asymmetrical
play as a way for players outside the headset to participate
[22], or even offer different tasks within the same virtual
environment [10]. This strategy could also help to extend
the scalability of the tangible objects. One player could
bring a tracked object across the city and hide it in order for
a player in another game to find it. Our choice not to
include the tangible object in our second proof of concept
was based partly on the worry that the object would be lost,
taken, or thrown in the garbage before the player found it.
However, this assumes that the objects do not originate with
the player and it assumes an absence of additional actors or
additional players. Again, these considerations reflect DQ1,
prompting designers to assess the benefits of using
particular media, or assess when to transition between
media.

While DQ1 raises questions of application, DQ2 raises
questions of implication. The majority of our participants
noted how particular media can distract: headphones add

sound while removing sound from an environment, VR
adds visuals while obstructing sight, a smartphone and AR
add information while detracting awareness. Designers of
such games would have to reconcile the interrelated
contexts of technologies, of players, and of environments.
When the Oculus Health and Safety document warns that
the headset must be used “only in a safe environment” [46],
we suggest that it is important to develop a better
understanding of what that includes and excludes. With the
slew of warnings in the health and safety documents for VR
headsets [57], it is reasonable to assume that many
otherwise “safe” environments would only remain safe
without a headset. The Oculus document also reminds its
users that the headset “distracts you from and completely
blocks your view of your actual surroundings.” A taken-for-
granted assumption within these VR games is that the
player will be alone and that the experience will be
designed for a single player. It also assumes players will
have the same experiences in relation to public space; our
participants’ responses suggest that this does not reflect
reality, as spaces can represent differing arrangements of
power.

Figure 5. Navigating amid limited accessibility and
potential risks to safety.

Privacy & Further Limitations

Recently, researchers in the HCI community have called for
greater transparency and a greater consideration for the
potential negative impacts of new technological
development [31]. This discussion section has attempted to
elucidate some aspects of our work that should continue to
be improved, as well as offer ways to mitigate some of
these potentialities. While the letter to the HCI community
did not specifically address entertainment platforms, their
concerns about social media and privacy are relevant here,
and are reflected in questions that we raised with regard to
DQ2. The technologies that we describe do not exist
independently of the interests of the multinational
corporations that market them. Facebook, with its recent
controversies [e.g., 26] owns Oculus, and technology
journalists have begun to note the uncertainties and privacy
concerns that remain unaddressed in that relationship [7].

Work like ours would not provide these companies with
more user data than they already receive, but that does not



alleviate the responsibility of these companies, or of
designers, to ensure player privacy. Our proofs of concept
require access to several sensors in the phone, access which
in other circumstances would not be necessary. One model
could be to offer ways for players to complete the narrative
without having to grant access to particular sensors.
Another model that could be pursued is a re-
conceptualization of player consent as ongoing, rather than
the initial one-time click of terms-of-use policies and access
permissions. Drawing on diegetic design, there is an
opportunity to weave these player choices into the
storytelling, to let players know how and why particular
sensors will be used, or to cater experiences to particular
access permissions.

We have argued that VR expands the range of the medium
of the smartphone, and by extension the possibilities of VR;
new technologies could further expand these possibilities.
However, a deeper understanding of the medium could go
beyond a consideration for its technologies by including a
critical engagement of the frameworks and limitations
imposed by the companies that own them.

CONCLUSION

We presented two proof of concept experiences that
examined ways in which smartphone-VR can extend
beyond the short, seated, and indoor experiences of
contemporary VR. Like other technologically-mediated
storytelling, VR is, to some extent, shaped by the
technologies it employs. We argued that, to date, content
for smartphone-VR has not extensively considered the
history of storytelling traditions made possible by the
technologies within smartphones, as well as the storytelling
possibilities when including offline people, places and
things.

Our proofs of concept were guided by two design questions
using a research through design approach. In the first design
question, we examined and demonstrated ways in which the
strengths of particular media might compensate for the
limitations of another. The seated, indoor experience of
contemporary smartphone-VR might be extended by other
smartphone-enabled experiences outdoors. Such design
choices led to our second design question, in which we
examined some of the challenges of our reconceptualized
design space for smartphone-VR. In addition to a
consideration for issues of safety, we strongly call for a
more nuanced examination of how particular bodies and
spaces carry particular forms of access and privilege in
technologically-mediated environments.
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