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Fig. 1. The figure shows the four immersive speculative enactments, ordered in terms of technological uncertainty.

In this paper we present the concept of Immersive Speculative Enactments (ISEs), a novel approach extending conventional Speculative
Enactments to Virtual Reality. Through the ISEs, participants are immersed in the speculative world depicted by the designers and
can engage with it in its truest envisioned form. To explore this concept, we designed four scenarios with increasing technological
uncertainty. These were: Virtual Parent, a glimpse in the daily life of the parent of a newborn baby; Cross-Reality Lectures, a near-future
Mixed Reality device supporting mixed co-located and remote classroom audiences; Smart Dog Monitoring, evaluating two visualisation
approaches to present a pet’s emotional state and needs; A Postcard from Mars, a speculative scenario on the effect of communication
delay across interplanetary distances. We present the concept of ISEs and contrast them to other forms of speculation, provide
guidelines on how to design them, as well as reflecting on the challenges, limitations, and potential associated with the role of ISEs in
the HCI discourse.
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1 INTRODUCTION

Virtual Reality (VR) immerses users in scenarios that are not necessarily bound by physical or technological constraints.
It also allows us to explore moral dilemmas free from consequences [9, 64, 100], and other situations that would
otherwise be extremely difficult to simulate due to risk or technical feasibility [22, 32]. Likewise, games research has
leveraged VR technology to transport users into fictional scenarios linked to their own abilities [38] and futures [21].

As a research domain, Human-Computer Interaction (HCI) is inherently interested in new and future-looking
technologies, and it has long sought to imagine possible technological futures [59]. Emerging Research through Design

[119] methods such as “Design Fictions” [12], and both User Enactments [67] and Speculative Enactments [30] have
focused on using speculative fiction to reflect over possible future scenarios or artefacts. Where Design Fictions go
as far as imagining fictional abstracts [13], papers [50], or media [19, 36, 55, 94], Speculative Enactments require the
actual enactment of parts of the hypothesised scenario, to develop discourse and critical reflections about the potential
future. Likewise, digital games have a longstanding history of providing immersive experiences that pull players into
the magic circle [34], and support the suspension of disbelief, i.e., that players accept the experience in the virtual world
as (temporary) reality [79].

Here, we harness the combined power of immersive and interactive media to move one step further, and propose
the concept of an “Immersive Speculative Enactment” (ISE) as a way to overcome the main limitation of Speculative
Enactments: that they are firmly rooted in what is practically feasible. In our vision, we see ISEs as a way to immerse
users in open-ended environments, within which they are free to interact with a more tangible rendition of a possible
future. In so doing, they can potentially reap similar benefits as Speculative Enactments in fostering discussion and
reflection over future technologies and scenarios.

In order to explore the concept of ISEs, we enacted four scenarios (see Figure 1), with an increasing degree of
uncertainty in the potential future depicted [80]. From least to most uncertain: (1) Virtual Parent: an enactment of a
baby-caring scenario; (2) Cross-Reality Lectures: a near-future speculation about a future classroom where students
can attend both in-person and remotely, where a future Mixed-Reality headsets supports the instructor in giving a
presentation to the blended audience; (3) Smart Dog Monitoring: a comparison of two different approaches to visualising a
pet dog’s needs; (4) A Postcard fromMars: a far future enactment where participants play the role of civilian professionals
on an extra-terrestrial outpost facing the unavoidable delays of interplanetary communications.

Towards this goal, we make three main contributions. 1) We present the concept of ISEs, contrast them to other
forms of speculation and provide a set of guidelines detailing how these might be designed and deployed. 2)We describe
the four enactments we designed, analyse the participants’ experiences, and reflect on the resulting insights, as well as
outlining potential visions for the future of ISEs. 3)We discuss challenges and limitations associated with ISEs, and
provide points for reflection for researchers wishing to apply ISEs in their work.
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2 RELATEDWORK

In this section, we give an overview of relevant relatedwork, discussing speculativemethods, alongwith how prototyping
in VR and the presentation of hypothetical situations in VR simulations and games have been approached in the past.

2.1 Speculative Methods

Design Fictions can help researchers conceptualise imaginary artefacts to foster reflection on the implications of their
possible uses and the context in which they exist [12]. Blythe proposes the concept of “imaginary abstracts”: speculative
abstracts of fictional papers reporting potential results [13]. The idea is that reflecting on these hypothetical papers can
provide useful insights for later development stages. Lindley and Coulton extend this by actually writing “fictional
papers”, arguing the case of a deeper reflection on the design process [51]. “Game of Drones” is an example of a fictional
paper about the “gamified” use of drones to support civilian enforcement of fines [50]. The paper is written as if it was
based on a “real” user study, and the deception is revealed only in the closing remarks. Design Fictions can also be
experienced in other forms than narrative, such as via fictional videos, films, or other media [19, 36, 55, 94].

The concept of User Enactments [67] and Speculative Enactments [30] both actively involve participants in the
imagination of a possible future. Through the enactment of a scenario, participants interact with speculative artefacts
and settings. In the former, Odom et al. involve participants with near-future technologies such as smart homes.
Researchers then steer the enactment by playing out roles, and by observing their reactions, the experimenters can infer
insights on the use of these future technologies. Elsden et al. go one step further: the object of the enactment is itself
speculative. In other words, participants reflect on the use of speculative technologies or activities (such as meta-dating
or quantified weddings) that might never be. In our vision, Immersive Speculative Enactments represent the direct
continuation of these concepts, where VR is used to bring to life open-ended scenarios that are either impracticable to
enact in real-life or where the suspension of disbelief needs to be supported through the capabilities of an immersive
Virtual Environment (VE).

2.2 Speculation and Prototyping in VR

McVeigh-Schultz et al. extended the concept of Design Fictions to VR, by imagining “Immersive Design Fictions” (IDFs)
[55]. These are VR experiences that immerse participants in an “experiential storyworld” that combine pre-scripted
elements and interaction within the VE. ISEs differentiate themselves from IDFs in that they do not aim to lead
participants towards a pre-determined outcome: in ISEs narration serves the purpose of setting the stage in which
the speculation happens. When the ISE begins, the participant is free to act as they please and any development in
the narrative experience is a direct result of their actions (hence why ISEs should account for a range of possible
outcomes, including fail states and non-engagement with the speculation). Further, some IDFs in the examples presented
incorporate abstract elements [55]. We think ISEs should prioritise a realistic approach aiming to reinforce the illusion
that the possible future they experience could be real, one where they have the same freedoms they would have in a
real-world analogue of the speculation.

More broadly, Virtual and Augmented Reality (AR) are being used as research interventions rather than being the
object of the research itself. Porter et al. studied the use of projectors to mock-up the control interface of a product [74].
They found that, while the AR-based version is slower due to the lack of physical feedback, users are still able to learn
how the system works. Grandi et al. use VR to simulate AR-based interfaces based on future AR headsets that are not
bound by the limitations of the current ones [37]. However, the public safety scenarios they use to demonstrate the AR
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interface do not present speculative elements beyond the future AR headset. Boletsis et al. presented their work on
“Virtual Bodystorming”: a novel method that leverages VR to immerse users in the design of a “service experience” [14].
In contrast with ISEs, users immersed in a “Virtual Bodystorming” experience are aware of the design-oriented nature
of the experience and the role of VR as a facilitator for that goal. Conversely, in our vision, ISEs immerse users into a
possible future, hoping that users might engage with the scenario and contribute through their actions to answer the
question(s) raised by the ISE.

Voit et al. performed a study comparing various research methodologies to evaluate “smart artefacts”, between online
questionnaires based on videos of the artefacts, VR and AR replicas, and real-life lab-controlled or “in-situ” studies
[105]. Their aim was to understand whether the use of the method might affect the results, obtained through various
quantitative and qualitative metrics. Findings from these novel speculative or prototyping approaches should, however,
be contextualised in light of the potential technological or time distance to reach the future imagined.

In 2020, Mäkelä et al. [52], staged a “virtual field study” to compare the behaviour of users around a real physical
public display to the behaviour around a purely virtual (non-existing) public display in VR, with virtual characters
acting as passive stand-ins. They found that the behaviour in both the physical and virtual setting is largely comparable.
In contrast to ISEs, virtual field studies lack speculative elements, with VR being used as a low-cost alternative to
replicate elements of the real-world that due to time or resources cannot be made available, such as locations or passive
audiences.

2.3 Speculative VR Experiences

Some VR documentary-experiences also immerse participants in speculative situations. In Terminal 3, participants play
the role of a US custom officer and can learn about the identities of travellers of Muslim background by interrogating
them [1]. Pre-recorded responses provide an interactive experience. Documentaries such as Carne y Arena [44] or
The Key [99] expose participants to the adversities faced by refugees at border crossings and in war zones. These
documentaries share the goal of immersing participants in speculative scenarios. These cited works are driven by the
artists’ vision and aim to provoke an emotional response, but due to the nature of the medium, participants’ agency
is largely inconsequential to how the experience will unfold. In ISEs, it is the participant’s agency provided by the
open-endedness nature of a fully interactive VE that determines how the experience unfolds.

The Nuclear Biscuit is a VR experience developed by Weiner and Kütt, which puts participants into the seat of the US
President in the midst of a presumed incoming Russian nuclear attack [109]. The aim is to study how decision-makers
would behave under such extreme pressure and how they would choose to retaliate. According to the authors, only
a few participants decided not to retaliate, which might be influenced by the pressure exerted on the participant by
a virtual agent playing the role of a US Military advisor [16]. Here too, the agency of the participant is limited to
expressing this choice.

2.4 Ethical Dilemmas in VR

Some scenarios, such as ethical dilemmas are finding in VR the ideal medium to sidestep the ethical constraints that
would make their real-world enactment inhumane [22, 28]. The trolley problem is a favourite thought experiment to
replicate in VR. In this classic ethical dilemma, an out of control trolley or tram is set to kill five people. The protagonist
of the dilemma needs to decide whether to divert the tram to another track. Doing so will kill a single person. The
protagonist can also decide to not do anything, and thus not become partially responsible of a murder. Niforatos et al.
[64] enacted this ethical dilemma in VR, with the eventual aim of collecting ecologically-valid data to train future AIs.
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Uijong et al. ran an experiment where participants interacted with a driving simulator, until a forced choice led them
to either face a collision with fallen trees or with a group of people [100]. Their aim was to understand how people
would react when faced with such a situation. Sütfeld et al. simulated a VR version of a variation of the trolley problem
in which participants, who were driving a car, were asked to decide which among different groups of people to sacrifice
[95]. They found that the decision depends on the type of the obstacle and on the time available.

ISEs differentiate themselves from the VR enactment of these hypothetical situations in the breadth of interactive
possibilities presented to the user. Where in the previous examples the participant’s agency is focused on a single or
limited set of decisive moments (such as activating the track exchange or not, braking or not, etc.), we envision an ISE
to be designed to support open-ended interaction. We hypothesise that allowing users to interact naturally in the VR
environment will give rise to potentially insightful “emergent interactions”.

2.5 Digital Games as Speculative Environments

Some of the earliest definitions of play explicitly comment on the special nature of the activity which sits outside of
real life, stating that it must not be ordinary, and separate from the world [23, 43]. Hence, games in general and digital
games in particular have a long history of injecting the player into fantastic, hypothetical situations, ranging from
those that are rooted in reality but play on human hopes and fears in the near and distant future (e.g., acting on behalf
of a totalitarian government in Papers, Please [73] and witnessing an alien invasion in a research facility in Half-Life

[103]) to the creation of alternate universes in fantasy-themed games such as World of Warcraft [31] where players are
given the opportunity to become someone else. As such, games have demonstrated potential to see the world from
another perspective, and foster reflection on the status quo or future situations, e.g., in the context of poverty [17].
Here, Speculative Game Design has been approached as a more formal platform with which these possible futures can
be explored. Differently from other approaches, games can build on their interactive aspects to immerse players in the
game world, and prompt reflection on the themes the game is centred on [26].

2.6 Simulation and Training in VR

Interest in VR simulators is long-standing and involves various fields, such as medicine [58, 83], industry [10, 113],
public safety [41], marketing [104], etc. Whether skills learned in VR can transfer to the real-world continues to be
the subject of much discussion. There are both positive examples of transfer [60, 68, 104, 111] as well as inconclusive
ones, particularly in the medical domain due to the difficulty in running large trials [58, 83]. See Xie et al. for a more
exhaustive 2021 review of VR training literature [112].

In general VR simulators, like VR field studies, lack speculative elements. In contrast with ISEs, simulators have the
aim of training users to perform a specific task or exposing them to circumstances that might be difficult to control in
the real-world. As such, simulators prioritise those interactions and processes that directly relate to the task [112]. In
our vision, ISEs make no assumptions about what the user is expected to do but aim to maximise the user’s freedom of
agency in the VR experience, even if those interactions go against the focus of the speculation.

2.7 Ecological Validity in VR

Central to many of these works is the concept of ecological validity, the question of whether results obtained in a
simulation or enactment would also be measurable under real-world conditions.

In the field of clinical psychology, the use of VR as a tool able to control experimental conditions is seen as promising
[77], but necessitating extensive validation before using it as an alternative to lab testing. There is positive evidence
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that results obtained in VR are transferable: clinical psychologists have found comparable results when running VR and
real-world tests of selective attention [78], or in mock job interviews [118]. Similar validations have been performed to
assess the transfer of physical manual tasks between the real world and VR [60, 111].

Paneva et al. implemented a VR “Levitation simulator” [69] that simulates a real ultrasound-based hardware prototype.
A comparative study involving both the physical and virtual analogue showed that performance was similar. According
to the authors, this shows how VR allows users to experiment with hardware devices that they might not own, thus
“democratizing levitation research.” In the security domain, Mathis et al. in 2021, replicated in VR the same study design
used in a real-world prior experiment [53] finding that while the overall results aligned with those obtained in the real
world, VR interaction issues affected the performance obtained in VR.

A crucial difference between these validation studies and ISEs concerns the feasibility of setting up the corresponding
real-world studies to assess the ecological validity of conclusions drawn from studies performed in VR. Real-world
analogues of the ISEs discussed in this research would be either difficult or impossible to run in the real world, due to
the speculative nature of the technologies or scenarios involved or because of ethical concerns related to the inclusion
of subjects not able to express their consent.

In these scenarios where it is difficult to collect real-world data, Dole and Ju state that it is impossible to assess
whether ecological validity has been achieved [28]. Instead, they argue that measures such as participants’ presence in
a VR experience and whether they took it seriously can act as indicators of a study’s face validity, “the degree to which a

study or particular aspect thereof appears to accomplish its intended aims” [28]. They propose that face validity should be
used as a proxy of a study’s ecological validity. Thus, ISEs can provide possible answers to questions that would be
otherwise difficult or unfeasible to examine in the real world.

3 IMMERSIVE SPECULATIVE ENACTMENTS

We envision “Immersive Speculative Enactments” as adding the complementary immersive experience missing from
both conventional Speculative Enactments [30] and User Enactments [67]. Both types of enactment imagine possible
futures. However, by virtue of being firmly rooted in our own physical reality, they are limited in their depiction of the
future by what can realistically be achieved by imagination alone and stage-setting activities (i.e. building supporting
materials). This poses an upper limit to the fidelity of the “possible future” portrayed in the speculation.

In contrast, immersive enactments use VR to bring that future to life and immerse users in it. Being a computer
simulation, several aspects of the user’s experience and behaviour are customisable and measurable. These advantages
of ISEs are, however, mitigated by the less than ideal interaction modality and difficulties in completely suspending
one’s disbelief while in the VE. Interaction in VR needs to be mediated by the human-interface used in the experience,
whereas conventional enactments do not require users to interact with supporting materials through controllers or other
forms of input. While these are temporary impediments due to the limitations of present-day VR, our long-term vision
for ISEs aims towards fully interactive virtual environments, where participants can interact via natural interfaces with
both the environment and with other actors, played by either “real” people or, eventually, by socially behaving virtual
agents. We also highlight a characteristic that we deem essential for the success of an ISE: that the participants be given
as much freedom as possible to interact and affect the outcome of the VR experience, to the point of disregarding or
failing to confront themselves with the speculative elements, if so desired.

Insights gathered through such open-ended ISEs could help answer or inform the questions that motivated them.
However, due to the introduction of speculative elements, it is not always possible to validate results obtained from an
ISE in a real-world analogous study. To this end, it is essential that to reach face validity [28] participants actively engage
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with the ISE as they would in a real-world analogue situation. Suspending disbelief is a challenge for both conventional
and immersive enactments alike. Feeling present is the quintessential challenge of VR [87], but conventional enactments
also encounter this issue when the use of mock environments is required or when interacting with actors playing a role
within the context of the speculation.

The contraposition of potential benefits and known drawbacks of ISEs over conventional enactments sets the stage
for investigating a compelling research question. To explore this design space, we enacted four immersive speculations,
in order of increasing “future uncertainty” [80]. The first, Virtual Parent speculated on how daily life would be like
for parents of a newborn baby. Second, Cross-Reality Lectures speculated about a possible future in which a lecture
is attended by a blended cross-reality audience of both physical and remote students, and evaluates a future-based
AR device used to assist instructors. Third, Smart Dog Monitoring sought to compare two approaches on how best to
visualise a pet dog’s needs and emotional states, if a speculative technology capable of providing this data existed.
Fourth, A Postcard from Mars enacted a scenario where participants played the role of future civilian professionals on a
Mars outpost, tasked with completing some routine maintenance while experiencing the unavoidable communication
delay between Mars and Earth.

Each ISE was performed by independent research teams, coordinated by the authors. There was no overlap between
participants. All of the four ISEs were reviewed and granted ethical approval by their respective institution’s ethics
committee. Chronologically, A Postcard from Mars was the first enactment conducted, whose insights informed the
design of the other three, which were run in parallel.

Participants were recruited from the general population and did not overlap between ISEs. Details about their
previous VR experience are provided in each specific section. Interviews with participants were first transcribed and
then analysed via thematic analysis [18]. We used Wireless Vive Pro Eye HMDs for all enactments. All but Cross-Reality
Lectures were developed in the Unreal Engine 4, whereas the latter used Unity 2019.4.

3.1 Virtual Parent

Virtual Parent immerses participants in a glimpse of a mundane moment as a parent, focusing on the challenge of
juggling between domestic chores and caring for a baby.

3.1.1 The Speculation. Real-world speculative enactments focusing on childcare themes are difficult to simulate due to
the risks and ethical concerns related to the involvement of real babies in a user study. In this ISE, the baby was simulated
as a sequence of scripted actions performed by a virtual agent. While a state machine can only be considered a crude
approximation of a real human being, it still provides more agency than any other childcare simulation method that
does not involve a real baby, such as toys. In contrast to other VR-childcare related works where stylised babies had been
used for ease of development [35, 97], we instead opted for a photo-realistic baby model, due to positive correlations
between photorealism of virtual characters and user behaviour [116]. Although its behaviour was completely scripted,
we implemented dynamic abilities such as looking towards objects the baby is interested in (e.g., the spoon, toys, the
user), grabbing them, crawling around the room, crying etc.

Differently from the other three ISEs, in Virtual Parent, there is no technological uncertainty as the enactment is
firmly rooted into the present. The speculation here focuses on an aspect of the participant’s lives:What it would be

like to have a newborn baby? Our aim with this ISE was on one hand, to prompt participants to reflect on the question
raised by the enactment, and on the other hand, for us to understand the potential of ISEs as a tool for broader inquiry,
beyond the evaluation of technological artefacts.
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Fig. 2. The baby in its crib during the Virtual Parent ISE.

3.1.2 The Enactment. We designed a virtual studio apartment, combining a living and kitchen area. In addition to
kitchen appliances, this room contained a sofa, a table with chairs, a crib, and a play area for the baby (see Figure 3).
Upon immersion, participants first entered a replica of our lab environment where they received a tutorial on how to
use the motion controllers. Afterwards they could go through a door to enter the apartment and be gradually immersed
in the VE [92, 102].

To mimic the chaotic nature of everyday life, participants had to multitask between doing household chores and
looking after the baby. These household chores consisted of picking up trash (e.g., crumpled paper, empty bottles and
empty jars of baby food) and cleaning stains. Trash had to be thrown away in a bin located inside the kitchen cabinet.
To clean the stains participants could pick up a sponge and rub it on the stains to clean them away. The stains were
placed on various surfaces, such as the table and countertop, as well as on dirty plates.

The script that the baby followed consists of actions they can do by themselves and actions requiring the participant’s
intervention. It lasted circa 20 minutes, depending on how fast participants could tend to the baby. Four events were
designed to include a possible “fail state” where the baby has the potential to be harmed (scissors, electrical outlet,
feeding and stairwell).

(1) At the beginning of the enactment the baby was sitting in their crib (Figure 2) and wanted to be taken out. The
participant had to lift them out of the crib and place them on the floor so that they could move freely.

(2) The baby then moved to their play area and played with the toys, until they picked up a pair of scissors, to which
the participant had to react and take them away from the baby.

(3) Then, the baby would crawl around to explore the room, moving towards an electrical outlet. After a bit, the
baby would try to touch it, to which the participant had to react and move them.
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Fig. 3. The single-room apartment VE, with the kitchen area (left) and living area (right).

(4) Successively, the baby would follow the participant around, until they got hungry. Participants could react by
heating up a bowl of baby food via the microwave, and feed them using a spoon.

(5) The baby would then resume following the participant around, before moving towards an open door leading to a
downwards stairwell. The participant had to react by moving the baby away in time and closing the door. The
enactment ended with the baby’s bedtime, and participants placed them back into the crib.

3.1.3 Reflections. We realise that this operationalisation of domestic chores concentrated within a short time is
somewhat simplistic. Chores are much broader when caring for a real infant; we opted for it due to the relative
simplicity in implementation while still maintaining the opportunity of putting pressure on the participants. Virtual
Parent acted as a “control” for studying ISEs in a context where there is no technological “uncertainty” to understand
its potential to provoke participants’ self-reflection.

3.1.4 Analysing Participant Experiences. For this study we recruited 20 participants (11 male, 9 female). They were
aged between 22 and 61 (𝑀 = 36.65, 𝑆𝐷 = 16.09). They rated their VR experience (𝑀 = 2.45, 𝑆𝐷 = 1.53), as well
as their childcare experience (𝑀 = 2.75, 𝑆𝐷 = 1.71) on a 5-point likert scale. After experiencing the enactment
participants filled in the SUS presence questionnaire [101], which we analysed as the count of questions rated 6 or
higher (𝑀 = 4.05, 𝑆𝐷 = 1.95). Finally participants were interviewed on their experiences and how they compared the
enactment to reality.

Participants found that the multitasking during the enactment reflected the real experience, as noted by participant
13: “Absolutely, you have to combine things and that is the most challenging part of being a parent to do many things

at the same time”. Participants with little childcare experience found that they acquired some new knowledge on the
subject, such as participant 11 “I haven’t really gotten much experience with babies so it made me realise I should pay good

attention to them.” The enactment allowed participants to speculate on aspects of their own life, such as participant 17
who said: “I know that I do not want a baby because I do not like cleaning up right now. If I would have to do it while there

is a baby present, it would be even more painful.”

Participants were divided on whether they found the baby to be real or not. Most found that it behaved realistically
when moving around by itself, but that the illusion broke when they tried interacting with it. In response to whether
they found the baby realistic, participant 8 replied: “I’d say a mix in between. It behaved like a human but only when it

wasn’t directly in contact with me. I mean in the sense that it moved around the room and played with things and just went

exploring in general. That felt like a real baby but I just missed the interaction.”
9
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3.1.5 Similar Studies. Outside of our own work, other researchers are exploring the use of VR to simulate baby-caring
activities. Tang et al. [97] designed a VR breastfeeding experience based on a tangible doll matched to a virtual baby in
VR. Hsieh et al. similarly use a real doll and deep learning to generate baby faces based on the subjects’ faces to be used
in VR [42] Both works aim to use the VR experience to provide a glimpse of the experience of caring as a baby, but are
at the work-in-progress or demonstrator stage and do not report formal evaluations.

We think these two prototypes come closest in spirit to ISEs, as they both aim to place users in a situation that
while familiar, is a speculation about a possible future. In contrast to ISEs, those works focus on a specific aspect, e.g.,
breastfeeding [97] or holding the baby [42]. The ISE emphasises the freedom of the participant: in their role as a parent,
caring for the baby is just one among many other activity they might engage themselves with.

3.2 Cross-Reality Lectures

Motivated by the educational constraints placed upon us during the COVID-19 pandemic, this enactment sought to
explore how future Mixed-Reality (MR) glasses could support classrooms in which an audience sits at different points of
the reality-virtuality continuum [57]. Work on public speaking and VR tends to follow one of two directions: (i) exposure
therapy, where VR is explored as a way to mitigate social anxiety effects [3, 107]; or (ii) training [71]. Regarding the
former, VR has been shown to be able to not only induce social anxiety [70, 90], but also mitigate it after repeated
interventions [66, 96]. Regarding the latter, it has been shown to be an effective training tool [68]. Our use case builds on
these findings to employ an ISE that explores the design of an MR system for this domain, particularly how a presenter
is affected by different representations of an audience sitting across the reality-virtuality continuum.

3.2.1 The Speculation. The main aims of this enactment is to capture a glimpse of a possible future where a mixed
audience, formed by both in-person and remote students, attends a cross-reality lecture. In this context, we study the
effects of future MR glasses on presenters might best support presenters [25]. The context of our speculation centres
around a lecture where half of the audience is collocated with the presenter, while the other half is attending remotely
(see Figure 4). While some systems are starting to enable similar cross-reality experiences (e.g., Spatial1) [72, 75], it
is still unfeasible to conduct systematic research in this domain. Two of the challenges addressed by our enactment
include:

• Technological challenge: delivering 3D avatars for remote attendees that present naturalistic gaze behaviour from
the perspective of the in-situ presenter, whether a remote audience member is attending via headset or web
browser on a conventional device. Maintaining eye-contact or understanding if an audience member is engaged
with the content being presented (i.e. in-situ projected slides) are critical cues in classroom settings.

• Methodological challenge: having attendees, both collocated and remote, that present consistent behaviour across
potential study conditions and presentation content, such as to minimise the effects of confounding factors on a
presenter’s performance.

This enactment thus explores different representations of remote attendees and their disposition in a classroom2,
and measures its effects on a presenter: how often does the latter spend attending to these avatars and for how long –
compared to the slides or the in-situ attendees (represented by highly realistic avatars); and what does it report in terms
of presence or subjective workload. We hope this exercise contributes to the timely development of usable mixed-reality

1https://spatial.io/
2https://assetstore.unity.com/packages/3d/props/interior/university-classroom-86107
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Fig. 4. The classroom setting for our second enactment, in which participants had to present the plot in the slide we see behind
the desk. This figure illustrates the abstract remote audience representation and separate classroom layout, in which the (realistic)
collocated audience members are on the left, and the (abstract) remote attendees are on the right. Participants start the enactment as
they pick up a pair of smart glasses on the desk at the centre of the room.

applications for education and public speaking – a critical space for future work in MR – and helps guide the design of
the technology or services that make such applications possible.

3.2.2 The Enactment. To understand the effects of different remote audience representations on a presenter’s behaviour
towards these members, we ran a within-subjects study with two factors: remote audience representation (3) and classroom
layout (2). The former varies the representation of remote audience members between stylised3 or abstract4 avatars, or
via a simulated webcam video feed (see Figure 5); the latter varies between a mixed or separate classroom layouts, where
the remote and collocated audience members are either sitting all together in a mixed arrangement, or siting separately
in two groups (see Figure 4). 24 avatars were deployed in total, half representing collocated audiences members via
realistic avatars5, and the other half representing the remote audience. In the simulated webcam video feed condition,
the remote audience members were represented via the same realistic avatars in a UI similar to many conferencing apps.

Participants were asked to deliver six (3×2) brief talks about distinct plots representing, e.g., monthly electrical
consumption. At the start of each trial participants were asked to pick up a pair of smart glasses from a table in the
centre of the lecture hall, which would bring up a UI showcasing a waiting room with a list of remote audience members.
At this point the participant could already see the collocated audience members in the room, and could hear the usual
classroom commotion using spatial audio. The trial would formally start once participants allowed the remote audience
members to join in, at which point they would see these audience members’ avatars “beam” into the classroom. This
animation, the visual style of the avatars, and the spatial audio that was matched to the collocated audience, were put
in place to reinforce that the collocated audience, despite also being represented by 3D avatars, were indeed in the
same space as the participant for the purpose of the enactment. Further, mute icons and audience member names were
displayed above the avatars of remote audience members. Finally, at 15 second intervals, all avatars (except the ones
“attending” via video feed) had a 50% chance of switching their gaze from the presenter to the slide (or vice-versa).

Trials ended automatically after 90 s, and we counterbalanced the remote audience representation factor using a Latin
square. For each of these representations participants completed both classroom layouts in a randomised order. After

3https://readyplayer.me/
4https://assetstore.unity.com/packages/3d/characters/humanoids/humans/hypercasual-rigged-stickman-180027
5https://github.com/microsoft/Microsoft-Rocketbox
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Fig. 5. The three possible remote audience representations, from left to right: stylised, abstract, and simulated webcam video feed. The
latter uses the same realistic avatars as the audiences members collocated with the presenter.

completing both layouts for a representation, participants filled in the Igroup Presence [81] and NASA-TLX subjective
workload [40] questionnaires. Each trial was preceded by a practice session lasting 90 s where participants could get
familiar with the plot they were about to present – so as to minimise the chances participants would spend the majority
of the trial looking at the plot instead of the audience. Finally, participants started the study by getting familiar with
the VR scene and controls for two minutes, and concluded the study by reporting on preference and providing some
rationale on this (analysed via thematic analysis). Participants spent in total approximately 20 minutes in VR.

3.2.3 Reflections. Our enactment allowed us to elicit initial findings regarding the design of a cross-reality experience
for public speaking using MR glasses. Participants not only reported a high level of general presence across conditions
(M = 3.54, SD = 0.17) – likely due to a place illusion effect from the realistic collocated audience members [116, 117] –
but also seemed sufficiently immersed in the experience to discuss their avatar preference as if they were delivering
a real presentation. Examples include a tension between the participants who did not want to discriminate between
collocated and remote audience members – “it is easier to make a presentation [to] a similar audience” (P1) – and those
who did – “[the video feed] was the easiest way to distinguish who was in the room and who was not” (P9).

It is clear that participants favoured an avatar representation that felt as part of the real-world as possible, confirming
previous observations by Zibrek et al. [114, 115] and Latoschik et al. [47] – “the abstract avatar were not realistic at all

and, therefore, I did not feel like I was talking to real people” (P5). When compared to the stylised avatars, these abstract
representations were distracting enough to elicit a reported higher temporal demand, and the video feed representation
had a negative effect in participants’ reported spatial presence. A more actionable observation tells us that participants
looked more often at the remote audience members when these were represented in a stylised manner, as opposed to
displayed via a typical conference call UI. Taken together, our ISE was able to produce actionable feedback and insights
for future cross-reality telepresence systems as these become reality. This was possible not only because our ISE allowed
us to ignore various technical challenges, but replicate study logic and setting in an identical manner across sessions.

Contrarily, ISEs are still quite limited by current VR technologies. Where simple object manipulations are taken for
granted in the real world, which in turn can be easily leveraged by conventional speculative enactments, the simple
design decision of making a laser pointer available in our ISE required us to track and animate participants’ hands and
afford them some practice with this form of input. This leads us to another limitation of ISEs: the illusion of plausibility,
or how participants can hardly be tricked into believing that what they are seeing in a virtual environment is real [88].
While we designed our enactment to minimise this effect – from the sterile task of talking to an audience that just has
to listen, to their gaze behaviours towards the speaker and presentation content [5] to how we start a trial by leveraging
spatial audio and asking participants to engage with an UI that lets remote audience members in the room [92, 102]
– ultimately, these avatars did not have meaningful responses to edge events such as the speaker dropping its laser
pointer, nor did they show signs of boredom or distraction through body or facial animations.
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Lastly, we could have also opted to run our enactment remotely, as participants might have felt more comfortable
delivering these presentations from the comfort and privacy of their home [91]. This would have enabled us to widen
our participant pool and account for presentation experience effects. All in all we are quite positive about the potential
of ISEs, and could imagine using this setup to explore further design factors in this domain: from AR UIs that provide
live feedback on how the speaker is doing (e.g., speech cadence) to augmenting audience responses such as mental load.

3.2.4 Analysing Participant Experience. We recruited 12 participants (two females), with a mean age of 26 (SD = 11.32).
Due to COVID-19 constraints, participants were contacted directly by one of the researchers and the majority were
students at a local institution. Participants ranked their previous VR experience with a mean of 2.25 (SD = 1.09, from 1
“no experience” to 5 “experienced”), and their immersive tendencies [110] as a mean of 77.67 (SD = 7.16, from 0 to 95).
For brevity we only report on results where statistically significant differences were observed.

Post hoc analysis on related-samples Friedman tests revealed significant differences for spatial presence (𝜒2(2) =
8.18, p = .017), between stylised and video feed representations (Z = -2.52, p = .012) – means of 4.31 (SD = 0.59) and 3.85
(SD = 0.69), respectively (higher is better) – and for temporal demand (𝜒2(2) = 8.40, p = .015), between stylised and
abstract representations (Z = -2.33, p T= .020) – means of 2.58 (SD = 1.24) and 3.25 (SD = 1.42), respectively (higher is
worse). A repeated measures two-way ANOVA showed a significant difference for the number of times participants
attended to the collocated audience across audience layouts (only events over 300ms were considered, no interaction
was found between this and remote avatar representations, F(2,22) = 0.70, p = .522): F(1,11) = 6.69, p = .025 – mean gaze
hits of 18.92 (SD = 7.82) and 23.25 (SD = 10.09) for mixed and separate classroom layouts, respectively.

Regarding preference and rationale, 10 participants reported a preference for the stylised avatars. These described
how the presentation was easier to deliver because these avatars were not so different from the ones representing the
collocated audience (3), thus making the experience feel closer to a real presentation (4) – more “natural” (P6), “less
distracting” (P3), and more immersive (3). Two participants also described how these avatars felt “more present” in the
room. Two participants preferred the video feed avatars as they made it easier to distinguish between collocated and
remote audiences (1), and ultimately provided an experience closer to reality (1).

On the other hand, 10 participants reported the abstract avatars as their least favourite representation. They describe
the experience as “weird” (P2), “strange” (P7), “odd” (P6), “too abstract” (P11); distracting (1), less immersive (1), and
as “a game” (P8); as the lack of facial features and emotions made participants feel as if they were not presenting to
real people (7). Finally, video feed representation was the least preferred of two participants, who described it as “very
distracting” (P3) and making it more challenging to present to collocated and remote audiences simultaneously (1).

3.2.5 Similar Studies. While this ISE explicitly explored the challenge of presenting to Cross-Reality audiences, other
studies have sought to study how best to support teachers in fully VR lectures [20, 85, 98]. In Thanyadit et al., the
authors found that visualising students’ gaze through an indicator helped the instructor become more aware of their
students’ activities [98]. Similarly, Broussard et al. studied how best to display information about their students, finding
that participants preferred visualisations where data was concentrated in an overlay, instead of fragmented floating
indicators above every student [20]. Simeone et al. found that the presence of a human instructor in VR lectures prompts
a student to be more engaged with the materials [85].

The above studies are primarily aimed at use-cases where students attend a VR lecture virtually. Analogously, the
focus here is not primarily on the evaluation of future AR-based interfaces in non-speculative scenarios as in Grandi et
al. [37], but rather, the ISE speculates about a possible future where mixed-reality audiences might attend a lecture,
some physically and some virtually.
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Fig. 6. The Smart Collar (left) and the Smart Watch (right) dog monitoring devices used in the Smart Dog Monitoring ISE.

3.3 Smart Dog Monitoring

Smart Dog Monitoring posits a possible future where Machine-Learning (ML) techniques have enabled the interpretation
of pets’ needs. We thus ask ourselves the following research question: “If such technology was available, how best to

visualise this information?”

3.3.1 The Seculation. This ISE represents an intermediate level of uncertainty from our current understanding of
the state-of-the-art. We speculate that in the future, ML technologies will become capable of correctly interpreting
household pets’ emotional states and needs, through sensors or other techniques that are transparent to the human
owner, and safe for the pet itself.

The scenario is inspired by the “Happy pets” app6, which uses ML to generate an emotional state from a picture of
a pet. It also draws parallels with Quantified Pets [48], a speculative study of technology enabling users to quantify
different aspects of their pets. Whereas in their study the designed speculative materials, such as websites and physical
prototypes, were non-functional. In the virtual rendition of the ISE, the technology actually works. Seeing the technology
in action with one’s own eyes adds a missing dimension to the speculation, that imagination alone might not be able to
bring to the surface. However, experiencing an implementation of the technology as a fait accompli, sidesteps ethical
concerns related to the desiderability of such future devices, which we discuss in section 6.4.

Methodologically, Smart Dog Monitoring is a conventional comparative user study where two differing visualisation
approaches to presenting the pet’s state to the user are examined: in the first, the information is presented via an app
running on the user’s smart watch; in the second, it is presented via a collar worn by the dog (see Figure 6). Both codify
the pet’s needs and emotional states via simple icons. Our aim was to understand whether an ISE could provide insights
on the usability of these two approaches.

3.3.2 The Enactment. We ran a within-group study where the independent variable was the information presentation
modality, whether on the smart watch or on the dog’s smart collar. Participants were immersed in a VE representing
a house. The VE was split in two parts (see Figure 7): the interior house and its adjoining garden. The interior was
a hybrid kitchen and living room area, with a size of 4m × 4m (mapped 1:1 with the available walking space in the
physical environment) with cabinets containing dog food and bottles of water, the dog’s resting area and a drinking
bowl. The garden was a large fenced open area, also contained within the available 4m × 4m. Trash bins and the dog’s
food bowls were located in this garden area.
6https://play.google.com/store/apps/details?id=au.edu.unimelb.eresearch.happypets
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Fig. 7. The garden (left) and the inside of the house (right) during the Smart Dog Monitoring ISE.

Participants were instructed to perform household chores, while looking after the dog and tending to its needs when
indicated by the smart device. There were two chores they could perform: cleaning the kitchen’s surfaces and taking
out garbage bags. They could clean them by using a sponge and rubbing the stains until they disappeared. The garbage
bags were located in the house and garden, and participants could put into trashcans located in the garden.

Both smart devices displayed the following indications of the dog’s needs: “Happy”, “Unhappy”, “Hungry”, “Thirsty”,
“Need to defecate” and “Want to Play”. The first two represent a reaction to the participant’s actions, while the last four
represent actions performed by the dog. Thirsty involved the dog waiting by its drinking bowl until the participant
filled it with water. For Need to defecate the dog would wait by the door until the participant opened it, and then go
outside. ForWant to play the dog brought a stick which the participant needed to throw away for the dog to fetch. After
each of these three events the dog indicator would go back to “Happy”, and the participant could return to their chores.
The Hungry event involves two types of dog food the participant could pour into the dog’s feeding bowl. The dog would
always dislike the first type the participant fed it, indicating the “Unhappy” status. After feeding it the second type
of food, the dog would return to the “Happy” status and participants could continue with the chores. The enactment
lasted around six minutes and was experienced by each participant twice, once with each prototype. After exiting the
VR environment, we interviewed participants on their experience.

3.3.3 Reflections. Smart Dog Monitoring allowed us to run a comparative user study situated in the context in which the
device would ideally be used. The real-world equivalent would have either needed to be run in a controlled laboratory
environment or, given sufficient resources, in real domestic environments. It would also have been necessary to account
for the unpredictable behaviour of the dog. As in Virtual Parent, the dog was likewise controlled via a state machine
and always exhibited the same behaviour, which would be impossible to replicate in the real world.

Crucially, the ISE allowed us to identify a design flaw of the dog collar. As shown by the data in the following section,
participants took significantly longer to notice updates on the dog collar, compared to the smart watch. The (virtual)
designers, during pilot testing, deemed a front-facing display to not be visible when the dog was facing the user, as its
head would cover the display most of the times. Therefore, the display was placed on the back, as shown in Figure 6. A
future designer interested in refining the collar prototype could analyse the empirical data collected as part of the ISE.
For example, in a real scenario, it might be easier to track the dog’s state with a collar, where the necessary sensors
could be directly embedded within. This would make it preferable to a smart watch (as we know them today) app that
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would instead need to rely on external sensors or on other approaches. The designer, after analysing the data, could
conclude that a colour band visible from all sides might provide a better user experience than an iconic display worn on
the dog’s back.

3.3.4 Analysing Participant Experience. For this study we recruited 21 participants (14 male, 7 female), 12 of which
(previously) owned a dog. Half of the participants experienced the smart watch first before moving to the smart collar,
and vice versa. They were aged between 19 and 56 (𝑀 = 26.19, 𝑆𝐷 = 9.89), and only four participants had used VR before
more than once. After each trial participants filled in the SUS presence questionnaire [101], which we analysed as the
count of questions rated 6 or higher. A Wilcoxon signed rank test revealed no significant difference (𝑉 = 42, 𝑝 = 0.44)
between the Smart Watch (𝑀 = 3.97, 𝑆𝐷 = 1.69) and Smart Collar (𝑀 = 4.16, 𝑆𝐷 = 1.57).

We used the Vive Pro Eye’s capabilities to log user’s fixations on the smart devices, from which we calculated two
metrics: time to first fixation and number of fixations. The time to first fixation is how long it takes for the participant
to look at the smart device after it changed to a different indicator. The number of fixations is how many times the
participants looked at the smart device during the course of the simulation. Both metrics were analysed using a paired
t-test. Participants scored significantly lower (𝑡 = 4.83, 𝑝 < 0.001) on time to first fixation when using the Smart Watch
(M = 3.30 s, SD = 2.28 s) than when using the Smart Collar (M = 9.76 s, SD = 3.74 s). The Smart Watch resulted in a
significantly higher (𝑡 = −4.45, 𝑝 < 0.001) number of fixations per minute (fix/min; M = 27.37 fix/min, SD = 15.8 fix/min)
than the Smart Collar (M = 10.55 fix/min, SD = 5.82 fix/min).

In the interviews, participants confirmed that they preferred the Smart Watch over the Smart Collar, suggesting the
difficulties in maintaining visibility of the collar-based prototype. They also commented on the parts of the ISE that
diminished the believability, such as the lack of haptic feedback (particularly in petting the dog) and the limitations of
the physical space.

3.3.5 Similar Studies. Compared to Lawson et al.’s speculative study of fictional technologies able to quantify aspects
of their pet’s lives [48], we did not encounter comments related to the potential drawbacks of such devices. We think
this might be due to Lawson et al.’s use of speculative materials that were deliberately prepared to support the pretence
that these were upcoming products. While their more expert participants questioned the feasibility of such technology,
other participants focused on the possible negative implications of their use. The ISE did not evoke this kind of critical
reflection, possibly because participants were told that the ISE was set in a near-future where such technology had
become possible. Thus, participants might not have had reasons to question the feasibility of the device as it was
internally consistent with the logic of the scenario, nor its potential misuse due to the playful nature of the VR experience.
These aspects should be further investigated in future ISEs.

Outside the domain of speculation, Nelson and Shih presented a more positive example of a real prototype of a
human-pet interface: CompanionViz, a visualisation of their pets’ caloric intake [63].

3.4 A Postcard from Mars

This enactment, while grounded in reality, represented the maximum departure from our current level of knowledge.
It sought to explore how people would react to being forced to wait the unavoidable communication delay of the
several minutes separating the Earth and Mars, for a reply confirming whether their assigned task had been performed
correctly.
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Fig. 8. The exterior of the Martian (left) and of the Lunar environments, showing the Communication Dish that was the object of the
A Postcard from Mars enactment.

Fig. 9. Views from opposing corners of the outpost interior during the A Postcard from Mars ISE.

3.4.1 The Speculation. The communication delay is something that we can conceptualise and simulate in other contexts
but which is currently impossible to experience under the exact set of circumstances we would be subject to if we were
really on Mars. The main aim of this enactment was to prompt participants to confront themselves with the idea of
communicating across interplanetary distances. We asked ourselves whether a delay in communication would cause
users to behave differently from an analogous situation under no or negligible delay. Studying how users behave under
these conditions could provide insights for future designers of actual interplanetary communications systems, when
the need will eventually arise.

3.4.2 The Enactment. To understand the effect of the time delay on user behaviour, we ran a between-groups study in
which the independent variable was the delay duration. To this end, we designed twoVEs representing an “extraterrestrial
outpost” (see Figure 8). These were identical save for the exterior environment: one showed a Martian landscape, the
other a Lunar environment (see Figure 8). Participants assigned to the Martian VE experienced a time delay of ten
minutes, simulating conditions on Mars when the planet is at an average distance from Earth. Participants assigned to
the Lunar VE represented a control group where the time delay was negligible (ca. 1.3 s). To achieve balance, these
were required to stay in the VE for at least 10 minutes following the completion of the task. On average, sessions took
about 15 minutes from the moment of immersion to exit.

Participants were instructed that, once immersed in the VE and after a quick tutorial on the interactivity, they would
receive further instructions on their task via an incoming transmission from Earth. The task consisted in performing
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maintenance on an external “communication dish”, operated via a panel located outside. The transmission consisted of
a sequence of buttons to press on this panel, which once received, was also displayed on a virtual grabbable tablet that
participants could carry along.

3.4.3 Reflections. The ISE prompted us to think about how future communications would be carried out across
interplanetary distances. We settled on a hypothetical future chronologically situated in the initial stages of human
presence in the other bodies of the Solar System. Until the construction of an interplanetary internet [2], bandwidth
would be severely limited. For example, the NASA Curiosity rover can communicate with the Mars Reconnaissance

Orbiter with data rates as high as 250 kB/s. However, the window of opportunity is limited to eight minutes per Sol
(Martian day), due to power and alignment limitations [62]. Then the Mars Reconnaissance Orbiter relays data at speeds
of up to 750 kB/s to Earth. Thus, we thought that communications could happen by transmitting text messages that
would then be relayed to the user by an “AI Assistant” using audio synthesis technique. To interact with it, participants
would need to don a headset enabling them to enter a “VR in VR” environment.

In this instance, the ISE was not successful in providing actionable feedback on the design of the communication
system. The divergence between the VR experience and the level of fidelity of the recreated extra-terrestrial conditions
that we could realistically simulate, were not enough to suspend participant’s disbelief and elicit the behaviour that
could be expected if the scenario was happening in the real world. However, it provided us with empirical insights into
how to improve the believability of VR experiences, which we used to inform the planning and development of the
other ISEs discussed in this work.

3.4.4 Analysing Participant Experience. For this study we recruited 26 participants (19 Male, 7 Female;𝑀 = 29.23, 𝑆𝐷 =

5.43). We assigned participants to one of the two groups (13 in the Martian environment, 13 on the Moon). They rated
their VR experience (𝑀 = 3.19, 𝑆𝐷 = 1.79) on a 7-point likert scale. After completing the task, participants filled in the
SUS presence questionnaire [101], which we analysed as the count of questions rated 6 or higher. A Mann-Whitney
U Test revealed no significant difference (𝑊 = 107, 𝑝 = 0.25) between Mars (𝑀 = 2.54, 𝑆𝐷 = 0.97) and the Moon
(𝑀 = 1.92, 𝑆𝐷 = 1.50). Finally we interviewed participants using a semi-scripted protocol to collect their feedback on
the experience. In the following, we discuss the themes resulting from an inductive Thematic Analysis [18] on the
transcribed interview data.

Impact of Communication Delay on User Behaviour. The majority of participants acknowledged that, were
they really on Mars or on the Moon, they would have behaved differently. However, due to issues affecting their sense
of presence (described in Section 5.1), the exhibited behaviour did not starkly change between the Martian and Lunar
environments, as also confirmed by the analysis of the first-person video recordings.

Overall, participants felt they would have exhibited a more mundane behaviour, saying that they would not have
tried to explore and interact so much. They told us, were the situation real, they would have just waited or performed
other activities to pass the time. Two participants motivated this by hypothesising that they would be already familiar
with the environment depicted in the outpost, and thus being already experienced, interaction with objects would hold
no novelty for them. Participants also said they would not spend so much time outside the outpost, but did so regardless
in order to experience a glimpse of what life would be like on another planet.

Suspension of Disbelief. Participants explicitly expressed that they were sceptical of the potential of the VR
experience to provide a believable rendition of an extra-terrestrial scenario, especially within the relatively small
timeframe of the enactment. They approached it with a detached attitude. P24 said: “It’s just VR, the worst thing that can
happen is that it’s game over”, also echoed by P25: “I think it’s a game, so I came to it like a game. Doesn’t matter much.”
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P9 stated that “I did not really think [my actions] would really set something in motion.” Others questioned whether we
should even try to make VR experiences more believable, as the potential of negative VR experiences could transcend
boundaries and affect our real-life emotional well-being.

While participant responses to the enactment were generally positive, our findings show that it did not achieve the
degree of believability and immersion that we had hoped for. Interestingly, the degree of interactivity and resemblance of
a digital game hat both positive and negative implications, with some participants not approaching the enactment with
the degree of seriousness required, therefore not getting immersed in the scenario, and other participants suggesting
that immersion was broken as a result of low levels of realism caused by a lack of interactivity.

Lack of Urgency. Participants reported that even though the enactment in its context could be considered a routine
task, it still presented dangers by virtue of being set on a different planet. However, due to the unfeasibility of simulating
realistic exterior atmospheric conditions and lack of haptic feedback, participants’ behaviour did not exhibit markers
of what we would conceivably expect to see if the situation were real, such as being careful while interacting with
objects within the outpost or while outside. To increase the coherence of their exhibited behaviour in VR, participants
suggested that the enactment should provide in-world consequences to user actions, e.g., objects that would break
if interacted with carelessly. Participants suggested that if the enactment had supported this level of interactivity or
shown sign of potentially adverse consequences, they would have behaved differently.

3.4.5 Similar Studies. The closest real-world study to our own is the one by Freitas et al., where a mock-up of an
extra-terrestrial research habitat was built at the Center of Applied Space Technology and Microgravity (ZARM) in
Bremen [33]. They studied two designs of Conversational User Interfaces (CUIs), finding that participants reacted
positively to the variant embodied by a small robot-like device and considered it more suitable as a personal companion.
The other alternative, more similar to a smart speaker, might be better used as an assistant for mission-related tasks.
Although our ISE did not focus on evaluating different CUI protoypes, given Freitas et al.’s positive findings on the
presence of companion CUIs, future research could evaluate the suitability of an embodied VR CUI as a private personal
companion.

4 IMMERSING USERS IN SPECULATIVE VIRTUALWORLDS

Inspired by the HCI discourse on speculation and user enactments, we sought to develop a framework where these
fictions could be brought to life. By demonstrating these four enactments, we have gathered the needed experience to
critically position ISEs with respect to other existing speculative methods, and discuss their relative merits and pitfalls.

4.1 ISEs Immerse Participants in the Speculative Experience

Elsden et al. differentiate their conventional Speculative Enactments (CSEs) from Odom et al.’s User Enactments (UEs)
by highlighting the increased freedom of the former, while regarding the latter as a “high-fidelity Wizard of-Oz” [30].
They also cite the necessity of hosting the enactment in a lab setting as a potential disruption of the suspension of
disbelief.

While all types of enactments, conventional or immersive, are impacted to some extent by issues affecting the
suspension of disbelief, we argue that ISEs exhibit qualities that set them apart from their conventional counterparts.
We see the attractiveness of ISEs as the potential to bring to life the world imagined by the creators of the speculation.
Speculative technologies do not need to be approximated via current means, but can be experienced in its truest future
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form already in the present. As soon as users are immersed in the enactment, they are effectively transported in a world
where the speculation is as real as it can possibly be made to be (as demonstrated by three future ISEs).

ISEs represent a tool that can be used to explore speculative questions in greater fidelity than conventional means.
They can also be used to investigate questions that are placed in the near-future and do not necessitate of a significant
level of future uncertainty, as demonstrated by Virtual Parent. We argue that as the object or content of the speculation
becomes more complex, enacting them immersively will become a necessity in order to elicit transferable insights.

4.2 ISEs Provide Actionable Feedback

By virtue of lending themselves to a wide spectrum of empirical methodologies, ISEs provide researchers with the
means of answering the questions the speculation posits. In the case of Smart Dog Monitoring, it enabled researchers to
obtain empirical data reflecting the qualities of the two prototypes object of the evaluation. The ISE was successful in
identifying usability issues and determining which of the two was more effective according to the metrics considered.
Differently from current research that similarly explores VR as a method in which to stage user studies [52, 53, 69, 105],
ISEs have been used here to evaluate “virtual twins” of purely speculative artefacts that lacked an existing physical
counterpart. It can be argued that, had those been actually implemented as physical prototypes, they would have
been impacted by the same issues they had in VR. The same could be said of Cross-Reality Lectures, where actionable
feedback was gathered on audience representation and layout in future cross-reality telepresence systems. These types
of observations can undoubtedly guide the development of such systems once they become feasible.

Crucially, when in the case of A Postcard from Mars the feedback focused more on the VR system than on the
object of the speculation, they still provide insights on how to improve VR experiences. After enacting it, we learned
valuable lessons that have successively informed the design of future ISEs, which we describe in section 5.1. Our
recommendations for validating ISEs is presented in section 5.4.

4.3 ISEs are Ideally Suited for Replicable Empirical Analysis

Researchers have warned of a “replication crisis” affecting the CS and HCI domain in particular [24, 106]. ISEs could
conceivably lead to the sharing of “virtual procedures” that would allow researchers to replicate the logic and setting in
an identical manner, if so wished, across multiple executions of the study. In Cross-Reality Lectures, not only was an
audience of 24 members readily available trial after trial, but participants were able to quickly go through several of these
while different layouts and representations were tested. The behaviour of the audience itself was also programmed to
showcase consistent behaviour across these trials, so as to minimise confounding effects on participants’ performance.

Further, ISEs give researchers the option to transparently collect empirical data that would otherwise be impossible
or unpractical to collect in the real world. For example, a VR headset with an eye-tracker gives researchers insights into
data that would be unavailable had the Smart Dog Monitoring ISE been replicated in the real world. Whereas, given
the necessity of wearing a headset as a fundamental condition of participating to the ISE, all additional sensors that
are embedded with it do not further negatively affect the experience. Likewise, data coming from VR controllers and
other tracked sensors, provide a wealth of information that is missing from real-world enactments. Blended together,
this data could allow researchers to examine “Virtual Replays” [108] of a participant’s experience allowing for novel
approaches to quantitative and qualitative analysis.
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4.4 ISEs are Consequential

Like CSEs [30] ISEs similarly evoke reflections on the consequential outcomes of their actions. Participants act and
confront themselves with the speculation while they are immersed in it. Their actions can have consequences both
immediately in how they affect the environment, and in the longer term, when reflecting on how their ISE experience
affected them personally. Statements made by participants during interviews point out that ISEs helped them better
understand aspects of life that, until then, they had not given much thought about (such as in Virtual Parent), or that
what they were experiencing was recognisably out of the ordinary and would have had a lasting impact (such as
admiring the Martian or Lunar landscape in A Postcard from Mars).

We think that, in contrast with other speculative methods, ISEs will lead to more impactful consequences within a
more limited range, compared to other speculative methods. More impactful because immersive VR is capable of evoking
believable feelings such as fear [49], while leading users to become emotionally invested in a story [15, 56]. However,
consequences of user actions can manifest themselves only if these have been explicitly foreseen and supported by the
designers of the ISE, whereas speculative methods can rely on the role of imagination or improvisation to fill the gaps.
Hence, our recommendation to support open-ended interaction, and planning for multiple outcomes.

5 GUIDELINES FOR THE DESIGN AND DEPLOYMENT OF ISES

As a concept, ISEs lend themselves to a variety of methodological approaches. We investigated instances of qualitative
and quantitative methodologies through the four ISEs described in this work. Drawing from our findings, we summarise
key focus points for future design efforts that seek to employ ISEs. We relate our focus points to existing work addressing
Speculative Enactments [30, 67] along with previous work that looked at games as a means of speculation [26].

5.1 Lessons Learned from the First ISE

Chronologically, A Postcard from Mars was the first ISE to be conducted. After analysing participants’ behaviour via
first-person VR recordings and the transcripts of their interviews, we identified two main areas of improvement for the
successive ISEs.

Interactivity. Participants were quick to notice artificial forms of interaction with objects portraying manipulation
affordances in A Postcard from Mars. Since the ISE focused on studying how participants reacted to a communication
delay of 10 minutes, we envisioned that they would be interested in activities to perform while they waited for the
response. We thus added several interactive possibilities to the outpost environment (e.g., a whiteboard and marker,
interactive drawers, a manipulable tablet, a music player, switches and levers, etc.). However, some objects remained
that could not be interacted with, such as decorative but static objects. Some of the missing interactivity was discovered
either on purpose (by participants who attempted to discover the limits of the system) or by chance (while performing
an unrelated activity). An object that could not be grabbed and that instead resulted in the user’s hand intersecting
it immediately broke the suspension of disbelief. Similarly, participants were expecting that the ISE would allow for
complex forms of interactivity and their consequences. For example, some participants inadvertently dropped the tablet
which showed the instructions for their task. After noticing that the tablet was not damaged upon impact, they changed
their disposition to the ISE: Participant 22 mentioned that objects in the VE should be fragile: “That would probably
trigger you to be more careful with the environment.” Participant 23 echoed this view: “[...] then I would be more conscious

because I can do bad things and then they have some effect on how it is going.”
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We addressed this in later ISEs by ensuring that every object visible in the ISE could be interacted with, otherwise it
would not be included. Aside from larger furniture objects, every object visible in the scene could be manipulated in
some form. We also made fragile objects break on impact if dropped to the environments of Virtual Parent and Smart

Dog Monitoring. After addressing the sources of breaks-in-presence in these later ISEs, the remaining aspects which
disrupted the suspension of disbelief were represented by the lack of haptic feedback (e.g., in Virtual Parent), and the
lack of complex reactions from virtual agents (e.g., the baby and the dog).

Introduction and customisation. Differently from CSEs, ISEs present a stark contrast between the moment
before immersion, and immediately after. Literature has investigated the moment of entering [92, 102] and exiting VR
[46]. After analysing the data collected in A Postcard from Mars we concluded a longer tutorial could gradually ease
participants in the world of the ISE, as often done with introductory sequences of digital games. Further, we thought
that allowing participants to customise their appearance could help instil an attachment with their digital selves and
help corroborate their sense of presence [29].

We used this approach in Virtual Parent and Smart Dog Monitoring, drawing positive feedback from participants.
Both allowed them to customise their avatars with gender and skin-tone appropriate hands for their avatar. Further,
before starting the actual ISE, participants went through a stage-setting phase where they would attempt to familiarise
themselves with the same interactions they would be performing. We aimed to mitigate any pre-existing unfamiliarity
with the VR interface, in order not to bias the ISE towards the usability issues of the VR system that would be absent in
the real-world. Performing the stage-setting directly through the ISE can also remove links that tie the participant to
the outside world, and thus potentially lower their immersion.

5.2 Designing ISEs

We followed a multi-step process to turn speculative enactments from an idea to an interactive experience. First, as
suggested by Elsden et al., we began the process of designing an ISE by identifying a possible speculation to enact [30]. For
each speculative enactment, we defined the extents of the technological uncertainty given our current knowledge. We
found useful to reason in terms of specific technological milestones that would enable the speculation. While in Virtual

Parent there is no departure from our current technology, we identified the release of AR devices with human-like
FOV for Cross-Reality Lectures, advancements in terms of ML for Smart Dog monitoring, and the initial establishment
of human presence on another planet for A Postcard from Mars. This defines the background of the speculation and
provides technological challenges and limitations to address in the scenario, such as the dog monitoring device not
acting as a universal human-animal translator but offering a restricted set of potential communication states, or the
limited bandwidth for interplanetary communications expected in the first stages of the exploration of the Solar System.

Second, once the subject of the enactment is defined, we used an iterative process to design low-fidelity mock-ups
of the technologies and environments involved in the ISEs. We employed a range of methods, from paper-prototypes
to renderings of the proposed 3D models taken from within preliminary versions of the VR scenarios. We used these
prototypes to brainstorm about their features and perceived usability issues. These prototypes were then “built” or
instantiated as functional devices in VR. In the case of A Postcard from Mars, we were inspired by contemporary
proposals of onsite 3D-printed extra-terrestrial habitats.

Successively, we focused on the context in which the speculation took place by storyboarding the possible devel-
opments. To support the open-ended nature of ISEs, we explicitly planned for fail states and for the case of lack of
engagement with the speculation. For example, if the participants decided not to engage with the baby in Virtual Parent,
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the baby would dedicate to each activity a pre-determined amount of time, before moving to another one. Failure to
perform the task in A Postcard from Mars would have triggered the transmission of a different message.

Finally, we recommend to host multiple “site visits” to the VR environment before progressing to host participants.
We made a point to not only inspect the ISE from the perspective of testing its internal consistency and robustness, but
also from a spatial perspective to assess the plausibility of the layout of the VE, given the limitations of the physical
space available. In two scenarios (Smart Dog Monitoring and A Postcard from Mars), this lead to split the VE in two
areas, rather than attempting to fit both in the same physical space.

5.3 Prompting Real-Life Behaviour

ISEs carry the underlying assumption that what participants experience is set in a realistic version of a potential future.
Sjolie et al. state that the VR experience should generally avoid violating the assumption that it is depicting a truly
real experience [86]. For this reason, we think that the technical framework underpinning ISEs should support natural
forms of interaction as much as feasible (as opposed to supernatural interaction techniques, such as grabbing an object
by pressing a grab button, instead of ideally using one’s fingers to grasp it), in order to allow actions and outcomes
that were not explicitly accounted for. An ideal ISE would allow participants to manipulate, combine, and take apart
interactive objects, even if the speculation does not focus on these aspects. This will reduce the need to explicitly plan
to support a wide range of ad-hoc interactions. Natural approaches to locomotion, such as natural walking, should also
be used where possible.

Indeed, studying whether a VR experience is felt as real is a central theme of the research on Presence in VR [87].
Literature suggests that it is possible to feel “present” in a VE, but not believe that what one is seeing is real. Slater
defined this concept as Plausibility Illusion [88]. At a subconscious level, it is unlikely for users to really believe to be
in the VE. Stoffgren et al. state that only by withdrawing any prior knowledge of the experiment, would it then be
possible to determine whether the user has indeed been convinced by the simulation [93]. However, by minimising the
likelihood of encountering “unnatural” or otherwise artificial forms of interaction [54], we expect the reliability of the
results to improve. Designing uncomfortable interactions [8] as a component of ISEs (such as having to carry weight or
wear garments simulating a spacesuit) might also positively reinforce behaviour that is adherent to the scenario.

We think this approach will minimise the occurrence of breaks-in-presence [89], thereby contributing to Presence
and to the likelihood of reaching face validity [28].

5.4 The Potential of ISEs in the HCI Discourse

We see ISEs as having a transformative potential for scientific inquiry. Different fields have long since seen in VR the
key to overcome some of the limitations of real-world studies or practices. Like other speculative methods, ISEs do not
define a strict process to follow, but rather propose the adherence to three key design principles that we think constitute
the necessary components of a successful immersive enactment. First, the creation of a tangible rendition of a possible
future, which is not limited to the speculative focus of the enactment but encompasses all related and secondary aspects;
Second, an emphasis on giving users the freedom to naturally interact with all parts of the environment; Third, the
potential to affect its outcome.

We think that by following these three fundamental principles, the ISE can set the stage for a user to actively affect
its immersive environment, but it does not explicitly lead them to focus on a specific set of tasks or outcomes. Based on
the analysis of the experiences collected in these first four ISEs, we think this approach is crucial to prompt users to act
as they would be likely to do in a real-world analogue of the possible future they are experiencing. The transferability
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of insights and conclusions drawn from analysis of data collected in ISEs plays a significant role in the evaluation of
their overall suitability and effectiveness as a speculative method. We have discussed how other forms of VR inquiry
have found positive evidence of this link. However, the speculative dimension of ISEs make their validation in the real
world difficult to impossible.

Depending on the uncertainty associated with the possible future examined, we agree with Dole and Ju [28] in
proposing that measures that consider the extent to which the results of a study are consistent with its aims should be
used as an indication of whether face validity has been achieved in lieu of ecological validity when real-world validations
are impossible. Further, we take a positive stance on the future and envision possible confirmation studies that, once
the future imagined comes to pass and the uncertainty diminishes (e.g, when AR headsets with near human-like FOV
become available, or once human presence is established on other worlds, etc.), studies that were once performed via
ISEs are eventually replicated in the real-world to understand the accuracy of those enquiries. This will contribute to
further refine the method to stage more accurate ISEs set even further in the future.

6 LIMITATIONS OF ISES AND FUTURE RESEARCH

ISEs are not devoid of drawbacks. Here we review those we regard as most challenging for future research.

6.1 ISEs are Mdiated by VR Technology

The qualities of ISEs require a “price” paid in terms of the ease of interaction, as the experience is mediated by the
quality of the VR technologies used. The drawback, compared to CSEs and UEs, is that users need to necessarily interact
with the speculative environment of the fiction via the user interface provided by the VR experience. For example,
where simple object manipulations are taken for granted in the real world, the same cannot be said for VR, as precise
hand-based manipulations are still out of reach of consumer VR hardware, and there are a range of accessibility issues
associated with the technology. Thus, improving the interactive fidelity of ISEs is intertwined with the overarching
goal of improving VR experiences and broadening access to the technology as a whole, and as both mature, the gap
with reality will be narrowed.

6.2 Risks and Benefits of Similarities Between ISEs and Digital Games

Our results suggest that leveraging familiarity between ISEs and digital games is not without risk: particularly in A

Postcard from Mars participants treated the ISE that we created rather casually instead of seeking to suspend their
disbelief, engaging in meta-level playful behaviours such as trial and error that — in principle — should not be exhibited
in a Speculative Enactment. From games research, we know that a combination of elements contribute to an engaging
player experience [61], which is often paired with achieving player immersion [45], two aspects that are relevant to
foster continuous suspension of disbelief. Here, game literature provides further evidence of design strategies that can
help increase believability. For example, players can develop emotional attachments to the story and to its characters,
despite games being frequently set in unrealistic settings [15]. Players will care about their virtual selves [29] or decide
to buy virtual content with real resources [39]. However, in the context of a VR controlled lab study, the limited resources
often pose constraints to the applicability of these measures. Challenges for future research could thus include the
adoption of these game elements in the context of a user study, such as more extensive forms of character customisation
and introductory sequences, that we also began to add to later ISEs.
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6.3 ISEs Reflect Values of Their Creators

In contrast to other approaches toward speculative design, users of ISEs no longer participate in the creation of the
simulation, but only experience what has been created by its designers. Hence, this may lead to a lost opportunity with
respect to critical reflection, i.e., questioning a specific scenario in context, and careful consideration in comparison
with alternative futures. Instead, and just because of their immersive nature, ISEs may preoccupy users, wrap around
their senses in a way that discourages critical reflection, and - if not designed with care - may compromise the very
thing that they are trying to achieve. Here, Smart Dog Monitoring is an example of a technology that has previously
been challenged in the HCI research community [48], but prompted no critical remarks in the context of our ISE that
presented the technology as unequivocally desirable, suggesting that there may also be unique ethical challenges that
have to be considered in the context of ISEs.

6.4 ISEs Require Careful Ethical Consideration

Immersive speculative enactments are associated with unique ethical challenges, with the strength of the approach also
encompassing one of the biggest risks: because VR allows us to simulate experiences at a high level of fidelity, making
them appear more real, designers and developers also have responsibility to reflect on what content is appropriate
to simulate, and how systems will likely influence users throughout and after engagement. This is a challenge that
has already been touched upon within the HCI community when creating VR systems that simulate sensitive settings
(e.g., Dickinson et al. [27] on simulated confrontations in VR, and Bahng et al. [4] on simulating death to encourage
reflection), and has also received substantial attention by disciplines that apply the technology with vulnerable user
groups (e.g., in the context of experimental and clinical psychology [82]). In line with this previous work, we recommend
that designers carefully reflect on intended audience and deployment setting of their ISE, and devise strategies to
support users throughout engagement.

Speculative design is traditionally seen as a method that can intentionally prompt reflection on ethically challenging
situations [6]. However, we argue that our approach of ISEs requires careful consideration: While the original Speculative
Enactments of Elsden et al. [30] are crafted in real-time together with participants (and therefore can draw from ethical
considerations that Benford et al. [7] made in the context of performance), our Immersive Speculative Enactments are
more rigid. Because scenarios are prepared by the designers with the intention of enabling users to act within them,
participants can only shape their experience within predefined boundaries. We argue that this is one of the weaknesses
of ISEs, and suggest that future work explores how real-time adaptation (e.g., on the basis of physiological data) can be
leveraged to adjust simulations to individual users.

6.5 Appropriateness of ISEs to Different Scenarios

We think that ISEs can be used to investigate a range of different research questions ranging from evaluations of
prototype devices, to those studying user behaviour under different circumstances. However, we anticipate that the
following scenarios might present difficult aspects that need to be carefully considered.

Far future. While other speculative methods can focus on a specific set of questions or materials, ISEs immerse
users in a VE depicting the presumed context in which the speculation takes place. With reference to Salovaara et al.’s
discussion of possible futures and their likelihood [80], in an ISE set in the far future designers will either consciously
or unconsciously find themselves speculating about every aspect of the future they are bringing to life: from the focus
of the enactment, to more mundane items or aspects. Thus, the divergence between the enacted and actualised future
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might become too large for any meaningful comparison, as the variables in play are too many to speculate about. This
can be observed in the illustrations of how artists in the past centuries imagined we would be living today [76], where
the effect of disruptive technologies or cultural changes could not be anticipated.

Large settings. This limitation follows from one of the grand challenges of VR, the disparity between the simulated
environment and the physical space available. The ISEs presented in this paper are all set in small environments,
where locomotion techniques such as “Stop and Reset” [84] need to be used to allow users to explore the virtual
environment via natural walking. This limitation needs to be taken into consideration when setting ISEs in large or
multiple environments that are distant from each other. If the physical space does not allow for natural walking in
such extensive environments, we anticipate this might negatively affect the face validity of the ISE. We recommend to
design around such limitations and integrate them in the narrative of the ISE. For example, in an ISE set in an urban
environment that needs to depict the user’s home and another distant location such as their workplace, alternatives to
locomotion such as vehicles or public transit could be used to mask large displacements [65].

Virtual Agents. Our vision of the “ultimate ISE” consists in the simulation of realistic VEs, where virtual agents
can behave in socially engaging ways. While the current state-of-the-art for virtual agents capable of conversing with
natural dialogue is still distant from this vision [11], we think it is realistic to use virtual agents today as “stand-ins” if
they are not meant to be interacted with directly by the participants, as demonstrated in Cross-Reality Lectures. Indeed,
their inclusion becomes essential in situations where there is an expectation of seeing populated environments where
their absence would be in stark contrast with our everyday experience, for example in public locations. Where the ISE
requires interacting with other characters, we recommend that these roles be played by real humans immersed in the
ISE together with the participants.

7 CONCLUSION

Immersive Speculative Enactments (ISEs) are a novel approach to speculative design research. By leveraging Virtual
Reality (VR), the object of the speculation can be brought to life and participants immersed in a virtual world where
they can engage with the speculation. This main quality is, however, mediated by the VR interface. Where in reality
manipulations of objects including speculative materials and prototypes is taken for granted, this is not the case for VR.
We presented key design characteristics, challenges, and limitations of ISEs that resulted from the exploration of this
concept. We designed four ISEs at different levels of technological uncertainty, using the results to draw insights on
how to improve their believability. We discuss how the empirical data collected and the participants’ experience can
be leveraged to answer, or explore, future interactions and scenarios that are unfeasible to replicate in the real-world.
In turn, ISEs give participants the opportunity to reflect about the scenario and live through vivid and memorable
experiences, such as admiring a Martian sunset just for once.
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