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Abstract

Time is key in medical treatments requiring the patients to undergo unpleasant sen-
sations. This paper examines how virtual reality (VR) could be used to manipulate
treatment time, with specific regard to chemotherapy.After reviewing the relevant
literature, the paper focusses on «flow» as the optimal temporal condition to be
created in distressing medical treatments. Based on the Dynamic Occupation in
Time model, it argues that VR applications may induce flow when expressing appro-
priately high levels of novelty; complexity; skill demand; user engagement; and focus
on activity. Lastly, the paper discusses VR applications meeting these requirements
and suitable for implementation in chemotherapy.
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|.INTRODUCTION

The use of virtual reality (VR) is becoming increasingly frequent in
several medical contexts (Freeman ez al. 2017; Dascal ez al. 2107; Pillai
and Mathew 2019). In such contexts, a dimension that is receiving
considerable attention is time.

Often, what clinicians are concerned with is the after-treatment
time. Indeed, in most cases, VR interventions only prove helpful when
they provide durable benefits. One of the clearest example in this re-
gard is rehabilitation (Rose e al. 2018).

In other cases, however, what is at stake is rather the time of the
treatment itself. In these cases, the planned VR intervention reveals
advantageous not much in light of its assumed long-term impact, but
rather in relation to the zmzmediate effects it produces in the very mo-
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ment of its unfolding. This typically applies to those medical treat-
ments that elicit in the patients high rates of distress, due to the need to
endure unpleasant sensations for prolonged temporal intervals. A bla-
tant example in this regard is chemotherapy (Love ef al. 1989; Chirico
et al. 2020).

In connection to the latter, VR has been claimed to improve the
treatment experience by influencing the patients’ subjective perception
of time. More precisely, according to a series of studies conducted by
Schneider and colleagues (2003; 2004; 2007; 2011) and later by Chiri-
co and colleagues (2016), VR would allow to reduce the perceived
duration of chemotherapy treatments. Therefore, VR would present
itself as a «time-compressing machine», capable of making distress-
ing medical treatments like chemotherapy seemingly shorter, and thus
more easily bearable.

Such mode of employment of VR certainly appears promising.
However, it may require further and more rigorous investigation. In
order to pave the way to such investigation, this paper will go through
the following main steps.

First, it will review the existing studies on the effects of VR on
perceived duration (i.e, duration estimation). By doing so, it will stress
the need to take into account a different aspect of time perception (i.e,
time passage perception) and a specific modality of the latter more in
particular (i.e; «flow»). Second, the paper will work on a prominent
model of time passage perception in order to show how to deliberately
produce flow. Lastly, based on this theoretical grounding, the paper
will put forward some working hypotheses concerning how to build a
VR-based flow-inducing machine.

2. A REVIEW OF THE EXISTING STUDIES:VR, CHEMO-
THERAPY,AND PERCEIVED DURATION

As anticipated, the idea of VR as capable of reducing perceived dura-
tion has been already tested mere with regard to chemotherapy. This
section will thus review the existing studies on the topic and highlight
both their potential and their shortcomings.

Some seminal studies by Schneider and colleagues will be ad-
dressed first (Schneider ez al. 2003; Schneider ez al. 2004; Schneider
and Hood 2007; Schneider ez al. 2011). Subsequently, a more recent


fedecava
Barra

fedecava
Testo inserito
,

fedecava
Testo inserito
,

fedecava
Testo inserito
,


study by a different research group will be taken into account as well,
as it continues the same line of research while improving a key meth-
odological aspect of it (Chirico ez al. 2016).

Taken together, the studies conducted by Schneider and col-
leagues were the first and most notable in pointing out how VR de-
termines an «elapsed time compression effect> (Schneider et al. 2011)
when used in the context of chemotherapy, with the duration of treat-
ment time being significantly underestimated in the patients’ retro-
spective duration judgements. However, on closer inspection, they
reveal somehow limited.

Schneider and colleagues (2003) collected a sample of 16 wom-
en with a breast cancer diagnosis and divided them into two groups.
The two groups underwent a VR experience respectively during their
first or their second chemotherapy treatment. Four different VR ex-
periences were available, and the participants were allowed to switch
across them at their will during the treatment.

Before the start of the experiment, right after the end of the
treatment, and 48-52 hours after the end of it, the participants had
to answer four sets of questionnaires: the Revised Piper Fatigue Scale
(PFS); the State-Anxiety Inventory for Adults (SAI); the Symptom
Distress Scale (SDS); and an open-ended questionnaire aimed at an
overall evaluation of the VR intervention.

The findings from the above questionnaires were not straight-
forward. What is most relevant here, however, is that the authors also
reported — in terms of an additional finding — a significant time com-
pression effect connected to the use of VR:

The researcher recorded the amount of time in minutes that the VR was
used and also asked participants to estimate the amount of time that they
had used the distraction intervention. The average amount of time women
thought that they used VR was 43 min, significantly less (p < 0.001) than
the actual mean recorded time of 78 minutes (Schneider ez a/. 2003, 305).

Though intriguing, this finding seems somehow flawed. Indeed,
differently from the three main measures described above, it is not
clear that this aspect of the study was controlled. In other words, it
appears that a comparison between actual and perceived duration was
only performed when participants were using VR, and not also when
they were simply receiving chemotherapy. Therefore, there is actu-
ally no evidence that VR specifically or VR more than other conditions
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promotes the observed time compression effect. In principle, in fact,
participants might have reported underestimation, or even greater un-
derestimation, in the absence of any VR intervention as well.

Two subsequent studies led by the same principal investigator
(Schneider ez al. 2004; Schneider and Hood 2007) closely resemble the
one just described, in both their procedures and findings. Indeed, in
both studies, the duration of the treatment time was significantly un-
derestimated in the chemotherapy sessions involving VR. Once again,
however, the patients were not asked to express any temporal judge-
ment when 7ot using VR.

Lastly, a further paper by Schneider and colleagues (2011) re-
ports secondary analyses of the data collected in the three studies dis-
cussed above. The pooled sample consisted of 137 participants with
different cancer diagnoses: breast, lung, and colon cancer.

In these secondary analyses as well, the data concerning time
perception showed the expected time compression effect. Indeed,
«retrospective estimates of time in chemotherapy with VR immersion
averaged 45 min, a 28 % underestimate of actual time elapsed (mean =
63 min)» (Schneider ez al. 2011, 560).

On the one hand, based on the increased body of data to which
the 2011 analyses were applied, the idea that VR can work as a time-
compressing machine appears strengthened. On the other hand, these
analyses still refer to data collected in uncontrolled settings, as they
come from the same studies criticized above in this regard. Once
again, therefore, it is hard to discriminate whether it is actually VR to
impact on the patients’ time perception, and to what to degree it is so
compared to other conditions.

In light of its methodological nature, the uncontrolled assess-
ment of duration estimation in the studies just examined does not
constitute a particularly worrying limitation. Indeed, it could be eas-
ily overcome by paying attention to the specific control issue implied.
In fact, a different research group has conducted a study that basi-
cally replicates Schneider and colleagues’ ones, yet introducing a con-
trol condition (Chirico ez al. 2016). In this study, a sample of patients
undergoing chemotherapy was divided into two groups: one group
was proposed a VR intervention, the other one a music intervention.
Retrospective judgements of the treatment time were asked to both
groups of patients: the VR group underestimated the duration of the
treatment, while the music group overestimated it. Therefore, this



work does demonstrate in a rigorous way that VR produces a duration
compression effect, at the same time showing that an alternative media
intervention (i.e, music) does not.

3. FROM DURATION TO TIME PASSAGE: CHASING
«FLOW»

Chirico and colleagues managed to overcome the methodological limi-
tation expressed by the previous studies by Schneider and colleagues.
Nonetheless, all the above-mentioned studies present a—seeend, and
rather conceptual limitation.

Such limitation concerns the specific aspect of time perception
that the authors chose to target, together with the absence of any pre-
liminary theoretical consideration motivating such choice. Indeed, all
the authors at stake focussed exclusively on duration estimation: that
is, the process of quantifying the amount of time elapsed during a gi-
ven interval, usually (but not solely: see Bindra and Waksberg 1956) by
means of conventional units like seconds or minutes. However, dura-
tion estimation alone does not cover the whole domain of time percep-
tion. On the contrary, at least one additional aspect of time perception
should be taken into account: namely, #zze passage perception.

In contrast to the quantative nature of duration estimation, time
passage perception rather refers to the gualitative impression of how
fast or slow time seemingly passes during a given time interval.

Crucially, in relation to duration estimation, time passage pet-
ception constitutes not only an additional, but also a clearly distznct
aspect of time perception. In the first place, such stance is supported
by theoretical and empirical evidence (Wearden 2015; Droit-Volet
and Wearden 2016; Cavaletti and Heimann 2019). However, it can be
confirmed by more immediate observations as well. Indeed, we often
experience, in our everyday life, instances of unproblematic coexis-
tence of duration estimation and time passage perception impressions.
For example, when waiting impatiently for something to happen, we
may often remain able to calculate the objective amount of minutes
elapsed, if asked to do so. Still, when turning to our qualitative sense
of time passage, we most likely cannot avoid feeling that time is «drag-
ging» unbearably.
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This leads to understand that it would be a methodological mis-
take to infer duration estimation from time passage perception, or vice
versa. In fact, in the case above, a pretty accurate duration judgement
would not correspond to an impression of time passing at an ordinary
speed. In consequence, when planning a given study, it is necessary to
identify in advance which aspect to monitor, and to choose the appro-
priate respective measures and tasks.

With regard to the issue of VR as a time-compressing machine
in distressing medical treatments, the question is thus whether it is
duration estimation or time passage perception that has to be «com-
pressed» in order for patients to have an improved treatment experi-
ence.

Based as well on the fact that the existing studies have focussed
exclusively on duration estimation, it is proposed here that also time
passage perception should be devoted specific attention.

The key reason to believe so is that the latter, different from du-
ration estimation, bears a clear and immediate affective valence.

This is supported in the first place by common sense and by cor-
responding and widespread common sayings. Indeed, it is usually ac-
knowledged that «Time flies when having fun», and in contrast that in
boring or unpleasant situations «Time never passes». Importantly, this
view has been confirmed by empirical evidence as well. For instance,
Wearden and colleagues (2014) tested in a broad sample of partici-
pants the impression of speed of time passage in relation to different
psychological states and everyday activities. Their results showed that
the impression of «Time flying» was elicited by busyness, happiness,
and concentration, and by activities like being with friends or beloved
ones, and being at parties. On its side, the impression of «Time drag-
ging» was associated with boredom, sadness, and tiredness, and by
activities like being engaged in boring work tasks.

If this is the case, speeding up the rate of time passage during a
chemotherapy session might be at least as important as shortening its
perceived duration. Therefore, when thinking of temporal compres-
sion, it may be sensible to think of a compression of #mze passage per-
ception.

What is interesting now, in light of the scope of this paper, is
taking into account one specific modality of time passage perception:
namely, that connected to the so-called state of «flow».



Originally developed by Csikszentmihalyi (1975; 1988; 2014),
flow essentially consists in an extremely deep, continuous yet effortless
absorption in given activities. As such, flow is not strictly or exclusively
temporal. Nonetheless, it comprises a peculiar subjective relation with
time as well. Indeed, among other accompanying phenomena, it in-
cludes a perceived fluidisation of the usual temporal articulation, re-
sulting in a disappearance of time passage. This phenomenon has been
described in further works as a sense of «timelessness» (e.g. Larson
2004).

Importantly, flow is associated with an essentially posztzve affec-
tive valence. Indeed, flow is also described as «the kind of feeling after
which one nostalgically says: «that was fun», or «that was enjoyable»»
(Csikszentmihalyi 2014, 136).

On the one hand, this feeling relies on the fact that flow typi-
cally induces a suspension of the awareness of the self. Together with
one’s self, one’s worries and concerns temporarily disappear as well
(Csikszentmihalyi 2014, 146-147). On the other hand, the positive af-
fective valence of flow relies on the features of the activities inducing
it. These activities match quite exactly the individuals’ inclinations and
abilities. In fact, both too trivial and too demanding activities would
counter absorption: the former by leading to «boredom», the latter
by inducing «anxiety (Csikszentmihalyi 1975). Moreover, the activities
inducing flow normally do not have any external motivation, but they
are typically perceived as «intrinsically rewarding» (Csikszentmihalyi
2014, 146).

Based on these observations, it appears appropriate to propose
that, when using VR in distressing medical treatments, researchers
should go beyond the idea of speeding up the patients’ time passage
perception, and instead attempt to induce a state of flow that would
result in dissolving time passage perception. Arguably, erasing the
treatment time and substituting it with a timeless yet emotionally posi-
tive experience would be the ideal outcome of any VR intervention
aimed at improving the patients’ experience. Hence, VR could be con-
ceived not only as a time-compressing machine, but also — and more
radically — as a time-dissolving machine.

To the best of the author’s knowledge, whether and how VR may
be used to affect time passage perception has not been explored yet in
the empirical literature. On its side, and more specifically, flow in VR
has been addressed occasionally. However, it was mostly conceived as
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one among other components of given VR experiences, rather than
as their ultimate goal, or in relation to a different reading of the con-
struct at stake than that put forward here (e.g. Reid 2004; Volante ez al.
2018). These arguably constitute relevant gaps in the literature, which
researchers might usefully try to bridge.

In this regard, one reason more to do so is the availability of
evidence-based, systematic, and comprehensive models of time pas-
sage perception, and flow more in particular. Interestingly, these mod-
els can be employed not only to categorize existing situations based
on their expected temporal outcome, but also to actively devise new
situations in light of a given desired outcome. In a nutshell, what is
suggested here is that these models might provide directions as to how
to design VR experiences specifically aimed at speeding up or even
dissolving time passage.

Based on this suggestion, the next section will present and ex-
pand upon one prominent model of time passage perception: namely,
Larson’s Dynamic Occupation in Time model (DOIT) (2004).

4. A HANDS-ON APPROACH: HOW TO MANIPULATE
TIME PASSAGE PERCEPTION

In 2004, Larson presented a highly complex and stratified model na-
med Dynamic Occupation in Time (DOiT), whose aim was accounting
for different forms of perceived temporality in relation to various
everyday activities.

Larson originally identified six main forms of temporality, cor-
responding to as many modalities of time passage perception. Among
them, four in particular are most relevant here, as they constitute sub-
sequent steps on an ideal continuum of temporal acceleration. These
forms of temporality are: protracted duration (i.e,subjective time pass-
ing more slowly than clock time); synchronicity (i.e, subjective time
passing at equal speed as clock time); compression (i.e,subjective time
passing more quickly than clock time); and flow (from Csikszentmih-
alyi 1988).

As it comprises and draws from it directly, the model is fully
compatible with Csikszentmihalyi’s original work on the state of flow.
Furthermore, as it will be shown, the model has the advantage of pro-
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viding clear operational directions as to how to obtain this state, by
working on precise activity-related and subject-related variables.

For these reasons, the DOiT model appears to constitute a most
valuable tool for hypothesising how to use VR to dissolve time passage
perception in the context of distressing medical treatments. Going
through some related empirical works may help better specifying the
functioning of the model itself.

The first of these empirical works was conducted in 2006 by
Larson and von Eye, who put to the test selected components of the
original DOIT model.

More precisely, the authors focussed on two main factors that are
supposed to affect time passage perception when individuals perform
given activities. The first one, which was labelled in this study «par-
ticipant factor», describes the modality according to which individuals
experience the activities at stake. It comprises emotional engagement,
intellectual engagement, focus on self, and focus on activity. The sec-
ond one, which was labelled «activity features», refers to some of the
traits of the activities themselves, in relation to the individuals’ inclina-
tions and abilities. It includes novelty, skill demand, and complexity.

The authors gathered data from 35 participants by using the
Experience Sampling Method. 10 times per day, for up to 18 days,
participants were asked to mark seven Likert scales assessing the seven
components of «activity features» and «participant factor», and one
additional Likert scale assessing time passage perception — for a total
of eight monitored variables. The data collected were then analysed by
means of methods of structural modelling. In the analysis, the activ-
ity features were grouped under the label of «<NOVCOMP», while
the participant factor with its components was named synthetically
«ENGAGEMENT». Time passage perception, in turn, appears in the
model with the label of <TEMPORALITY ».

The authors found a significant path going from NOVCOMP
to ENGAGEMENT, suggesting that the novelty, complexity, and
skill demand of a given activity contribute to define the way individu-
als get involved in it. In turn, ENGAGEMENT was connected sig-
nificantly and reciprocally with TEMPORALITY. More precisely, the
two were observed to form a «reinforcement loop». In virtue of such
loop, «when a respondent shows a high level of engagement, time flies.
When time flies, the individual engages even more strongly, and vice
versa» (Larson and von Eye 2006, 126).



In a further study, the authors retrieved the data collected in
2006, yet subjected them to a different analysis (Larson and von Eye
2010).

This time, the components of ENGAGEMENT and NOV-
COMP were treated in a dichotomous way, their 2006 ratings being
reconverted into «high» or «low». On its side, TEMPORALITY com-
prised four possible ratings: «same as clock time»; «slower than clock
time»; «faster than clock time»; and «lost track of time», or timelessness
(i.e,flow). Importantly, the latter was conceived as an extreme form of
temporal acceleration, ultimately resulting in a dissolution of time pas-
sage itself.

The data underwent a new analysis method, called «configural
frequency analysis». The method was used to identify «occupational
types», i.e,«patterns of the eight variables that co-occurred more often
than expected based on chance» (Larson and von Eye 2010, 157). In
simpler words, an occupational type was created whenever different
activities — or the same activity recursively — had received the same rat-
ing on each of the eight variables under observation (i.e, the four com-
ponents of ENGAGEMENT, the three components of NOVCOMP,
and TEMPORALITY). Additionally, the method was used to identify
«composite occupational types», i.e, «set[s] of occupational types that
are rated similarly on all variables except for one variable, in this case
temporality» (Larson and von Eye 2010, 157). Thus, the purpose of
the composite occupational types was to observe which of the four
possible forms of temporality emerged as prevalent across groups of
activities that shared the same ENGAGEMENT and NOVCOMP
ratings.

The third composite occupational type identified by Larson and
von Eye is the one that reveals most relevant in view of temporal ac-
celeration, and hence possibly time dissolution. Indeed, as the authors
report, it was «three times as likely for time to be perceived as faster
than the clock in this composite occupational type» (Larson and von
Eye 2010, 160).

On the side of the activity features, i.e, NOVCOMP, the com-
posite occupational type at stake was formed by activities that were
high in novelty, complexity, and skill demand. On the side of the par-
ticipant factor, i.e, ENGAGEMENT, the activities induced high in-
tellectual and emotional involvement, and high focus on the activity.
However, they implied a low level of focus on the self.
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As it can be observed, these ratings match quite precisely Csik-
szentmihalyi’s characterization of the state of flow (i.e, appropriately
challenging triggering activities, temporary suspension of the aware-
ness of the self). In fact, as the authors themselves observe, the sense
of «losing track of time» (i.e,flow) was the second most frequent tem-
poral outcome connected to the composite occupational type at stake,
immediately following temporal compression (frequency rates 44 and
50 respectively). Therefore, as anticipated, the third composite occu-
pational group identified in the study is useful not only in relation to
time compression, but in relation to time dissolution as well.

The importance of a low level of focus on the self, or even of its
absence, becomes clear when comparing the third composite occupa-
tional type with the fourth one identified by the authors. The latter,
indeed, only differed from the former with regard to the level of focus
on the self, which was rated as high. Now, the activities comprised
in the third composite occupational type mostly elicited positive feel-
ings like happiness and excitement. On the contrary, those included in
the fourth one elicited negative feelings like stress and anxiety. Given
that the two types only differed in this regard, the authors infer that
an association exists between a high level of focus on the self and the
occurrence of negative feelings. In turn, they suggest that such pro-
nounced focus on the self might derive from the fact that the activities
in the fourth composite occupational type challenged the participants’
ability «beyond a comfortable margin of skill» (Larson and von Eye
2010, 161). Once again, this is in line with Csikszentmihalyi’s concep-
tualization of flow as well. Indeed, as this author observed, flow is un-
dermined when the activities in which individuals engage prove too
demanding to them.

In conclusion, and with specific regard to the scope of this pa-
per, Larson and von Eye’s insight can be summarised as follows: it is
true that high ratings of NOVCOMP generally make time pass more
quickly compared to clock time, or even they make time passage disap-
pear; however, activities that prove disproportionately novel, complex,
and/or skill-demanding in relation to the individuals’ abilities provoke
undesired and unpleasant emotional responses.
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5. FURTHER DEVELOPMENTS: HOW TO BUILD A VR-
BASED TIME-DISSOLVING MACHINE

The conclusive remarks presented at the end of the previous section
can finally be transformed into key operational directions regarding
how to build the VR-based time-dissolving machine sketched theore-
tically in section 3.

In this regard, setting the highest goal of building a time-ds-
solving machine might be not only theoretically preferable, but also
operationally more convenient. Indeed, flow appears to constitute a
further stage of temporal compression. If this is the case, succeeding
in achieving flow would meet the ideal outcome of the VR-based ma-
nipulation; on the other hand, a partial failure in achieving flow might
still result in a hierarchically lower yet satisfactory outcome, i.e,a spee-
ding-up of time passage perception.

When devising a VR-based time-dissolving machine, the main
task is the selection of a specific content. Given the occupational frame
within which the DOiT model is set, such content should consist in a
main activity to be performed within the VR scenario.

First of all, and obviously enough, such activity should have the
highest chances possible to elicit a state of flow, or at least to trigger a
notable temporal acceleration. In other words, it should be adequately
novel, complex, and skill demanding; and it should induce high levels
of user engagement, focus on the activity, but not focus on the self.

Arguably, a good starting point to identify an activity with these
traits is retrieving those activities that Larson and von Eye (2010) as-
sociate, in terms of examples, with the impression of flow in their third
composite occupational type: «talking», «working», «writing», «at-
tending classes», «studying», «cooking», «taking exams», and «play-
ing» (Larson and von Eye 2010, 158).

Based on the evidence collected by the authors, all these activi-
ties can be taken to be suitable for eliciting flow in everyday situa-
tions. However, they should undergo a further review in light of their
specific reframing proposed here. This leads to identify three main
exclusion criteria.

A first exclusion criterion is connected to the mediated setting
in which the activity at stake would be implemented: precisely, VR. In-
deed, some of the listed activities may fit poorly a mediated setting, or
the mediated setting of VR more particularly. For instance, «talking» is


fedecava
Testo inserito
,


arguably best performed in face-to-face contexts, while «writing» is by
definition connected to textual rather than audiovisual and immersive
media like VR.

An additional and possibly even more crucial exclusion criterion
is connected to the physical context in which the VR-based activity
would be performed: namely, that of chemotherapy or similar medi-
cal treatments. Indeed, these treatments impose some practical con-
straints, which are crucial in order for the planned VR machine to be
usable in the first place.

Chemotherapy, in particular, is most commonly delivered intra-
venously, with a needle being inserted in the patients’ arm or hand. In
order for the injection not to be compromised, the patients have to sit
and remain reasonably still for the entire duration of the treatment.
As a consequence, the activity to be performed in the VR scenario
must not require the support of any manual controller. A convenient
alternative is represented by head movements: for instance, the users
may tilt their head on the right when they want to move on the right.
Head movements can be assisted by eye movements: for instance, the
users may peint their gaze at a virtual object when they want to grab
it. However, even these types of movements are subject to a further
constraint. Indeed, since patients undergoing chemotherapy need to
sit still, the required head and eye movements should not exceed the
threshold of 180 degrees. These specifications lead to exclude from the
list above those activities that may not be easy to perform without any
manual control and by relying on simple head and/or eye movements
only. This may apply, most likely, to a complex and precise activity like
«cooking».

Lastly, it must be noted that — even though it was overall linked
with positive feelings — the third occupational type also included activ-
ities with variably negative emotional correlates. For instance, «work-
ing», «studying», or «attending classes» might arguably be perceived
as boring by most average users. On its side, «taking exams» is likely
to elicit a response of distress in the greatest part of the same users.
Such activities should thus be excluded when devising a VR-based
temporal machine destined to distressing medical contexts. In these
contexts, indeed, intervening on time perception would be pointless
or even counterproductive if the intervention was not associated with
the emergence of positive emotional feelings.
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Taken together, the three exclusion criteria just applied indi-
cate «playing» as the only available activity among those proposed
some lines above based on Larson and von Eye’s hint (2010). In fact,
«playing» is arguably an optimal choice not only because it is not tar-
geted by any of the mentioned exclusion criteria, but also because it
has a prominent role within Csikszentmihalyi’s original framework
(1975; 2014). One of the reasons for this is that the author connects
very strictly the notions of play and intrinsic reward, which in turn — as
it was explained — is one of the key features of the state of flow. The
hypothesised VR-based time-dissolving machine, therefore, could ba-
sically be a VR-based playing machine.

Playing in itself, however, is a too broad activity to become op-
erationally relevant. In order to specify it further, it could be reason-
able to go back to Larson and von Eye’s study (2010), move one step
down the temporal hierarchy, and pick one of the activities that the
authors associate, within their third composite occupational type, with
temporal compression.

Among them, the most suitable appear to be those included in
the «driving/riding» couple.

Indeed, it is quite common to find VR applications revolving
around the activities of driving and/or riding. Moreover, and more im-
portantly, since in such applications these activities are normally gami-
fied, they may constitute an appropriate VR-infleeted, instance of the
broad activity of «playing».

On the other hand, driving and riding are normally implement-
ed — in applications destined to proper VR headsets — in a way that
requires manual controllers, sometimes together with a considerable
amount of bodily movement within the physical space. For this reason,
an effective option might be exploring the related domain of applica-
tions destined to a less sophisticated version of a proper VR head-
set: namely, the Google Cardboard device. This device consists in a
goggle-shaped case made of cardboard, which transforms into a VR
viewer when a regular mobile phone is inserted in it. Since no addi-
tional hardware component is included in the Google Cardboard set,
applications developed for this device normally rely on head and/or
eye movements only.

Within the Google Cardboard domain, and with regard to driv-
ing, a good example is an application called VR Racer: Highway Traffic
360 for Cardboard VR (Mountain Rabbit, updated 2020).
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When using this application, users drive a fast car on a two-way
highway, and they have to dodge other cars coming from both direc-
tions. The movements of the users’ car follow the movements of their
head, with no other body part being involved, and the view is fron-
tal. The driving experience offered by VR Racer is certainly somehow
novel, as the game cannot be said to instantiate a usual driving style.
Furthermore, it shows an appropriate degree of complexity and skill
demand: avoiding crashes with the other vehicles is not easy, but the
head control is functional enough for the users to improve their per-
formances quickly. Taken together, these activity features arguably re-
sult in a pretty high level of engagement, and in a necessary focus on
the activity itself. In contrast, they do not seem to imply the need of a
particular focus on the self. Thus, applications like VR Racer might be
suitable for constituting the core of a VR-based time-dissolving ma-
chine.

One of the advantages of VR is that it allows to live experiences
that would be impossible in real life. This allows in turn to build on the
real-life activities identified by Larson and von Eye, in this case driv-
ing, and to enhance some of their key NOVCOMP and/or ENGAGE-
MENT indicators.

In this regard, a good example is another Google Cardboard
application named Booster VR X-Racer: Aero Racing 3D VR Game
(BoosterGames, updated 2020). Rather than driving in the common
sense of the word, users engaging in this application fly an aircraft, and
they have to avoid obstacles on their way. Once again, the movements
of the aircraft are entirely head-controlled, and they do not exceed a
180-degree visual field. Compared to the previous one, with complexi-
ty and skill demand being roughly equal, this application arguably fea-
tures an increased level of novelty, which possibly results in increased
levels of engagement. If, following Larson and von Eye (2006), greater
engagement is directly linked to temporality, applications like Booster
VR X-Racer might be even more suitable than regular driving appli-
cations when it comes to build the desired VR-based time-dissolving
machine.

Though promising, however, the two described applications
might share two common problems.

First, in the attempt to avoid obstacles as they drive or fly, the
users may move on their chairs more than actually required by the
applications — as it happens when one involuntarily leans in various di-



rections together with her/his joystick in a screen-based driving or fly-
ing videogame. Such movements would put at risk the effectiveness of
the chemotherapy treatment, which — as already mentioned — requires
that the patients remain as still as possible.

A second problem is related to the fact that the applications un-
der observation would be employed in particularly long-lasting medi-
cal treatments. Indeed, this might result in the driving/flying tech-
niques becoming completely mastered by the user. Hence, the levels
of NOVCOMP indicators may start to decrease, together with EN-
GAGEMENT and TEMPORALITY.

To overcome these possible difficulties, it could be useful to
reconsider two of the VR scenarios originally proposed by Schnei-
der and colleagues (2007): namely, Timelapse (Hammerhead Enter-
tainment, 1996) and Titanic: Adventure Out of Time (Hammerhead
Entertainment, 1996). Timelapse invites the players to travel across
multiple ancient worlds as they solve different enigmas, with the final
aim of reaching Atlantis and rescuing a certain professor Nichols. In
a similar vein, Titanic: Adventure Out of Time proposes the players to
engage with mysteries and enigmas while sailing aboard the tragically
notorious transatlantic ship.

As they imply a form of manual control (i.e,mouse clicks), T7nze-
lapse and Titanic would not be immediately suitable to be implemen-
ted in the desired VR-based time-dissolving machine. However, they
are crucial here because they bring to attention the broad class of puz-
zle games. As it will be shown now, these games have the potential for
overcoming both difficulties presented above with regard to driving/
flying applications.

First, puzzle games are arguably much less likely than driving/
flying ones to induce in theg users involuntary bodily movements.

Second, and even more crucially, they appear more suitable
for providing sustained temporal dissolution or compression during
extended medical treatments. Indeed, puzzle games express a remar-
kable degree of complexity and they imply an extensive use of a pre-
cise type of skills (i.e, logical and/or strategic skills). However, what
makes them particularly interesting is that — different from other ga-
mes like the driving/flying ones previously discussed — their complexi-
ty and skill demand does not decrease, but on the contrary increases as
playing time increases. Indeed, puzzle game do not require any fixed
technique that can be progressively mastered, but rather they challen-
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ge the players with ever-changing and often progressively more diffi-
cult enigmas. With the levels of the NOVCOMP indicators remaining
unaltered in time, ENGAGEMENT would arguably remain constant
as well. In turn, this would ensure a more durable effect on the players’
time passage perception as well.

The examples introduced in this section in no way aim at being
exhaustive. Nonetheless, they do indicate what #ypes of VR applica-
tions may be taken into account when concretely devising a VR-based
time-dissolving machine, and trying to make it effective.

6. CONCLUSIONS,AND FURTHER DIRECTIONS

This paper has proposed how to speed up or even dissolve time passa-
ge during distressing medical treatments like chemotherapy, by means
of a dedicated VR-based machine. The latter, it was suggested, should
have as its core component an activity that: a) expresses appropriately
high levels of novelty, complexity, skill demand, user engagement, and
focus on the activity itself; b) is suitable for VR implementation; ¢) is
compatible with the practical constraints of a chemotherapy or similar
setting; d) matches temporal dissolution with positive emotional fee-
lings. Gamified versions of driving or flying activities, but even more
aptly puzzle games involving mind-stimulating activities like solving
enigmas were indicated as meeting these requirements.

By proposing the above, this paper has laid the foundations for
future empirical works aimed at validating its main claims and — most
crucially — the effectiveness of the hypothesised machine. Indeed, the
latter should be tested by means of a proper experimental procedure.
Such procedure — though shifting the focus from duration estimation
to time passage perception — should partially draw from existing stud-
ies like those examined in the first section of this paper. However, it
should also overcome their most notable limitations. Most importantly,
and following Chirico and colleagues’ example (2016), it should allow
time passage perception to be assessed in a controlled way.

This and similar lines of investigation would arguably promote
key advancements in the research path that this paper has tried to pave.
Possibly, «better times» are around the corner for patients involved in
chemotherapy and similar distressing medical treatments.
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ENDNOTES

! These studies have been selected because — within the broader literature on VR
in chemotherapy or other distressing medical treatments — they are the only ones to have
devoted explicit attention to time perception (Chirico et al. 2015; Hoffman et al. 2019).

2 Tt may be objected here that expressions like «Time flies» or «Time drags» simply
constitute non-technical or metaphorical ways to refer to duration estimation; or that time
passage perception is actually dependent on duration estimation — in a way that «time
flying» would correspond to shorter perceived durations and «time dragging» to longer
ones. However, empirical evidence has demonstrated that this is not the case. Indeed, in
addition to the mentioned literature on the distinction between the two aspects of time
perception, further studies examining more precisely this supposed relationship have con-
sistently shown that duration estimation and time passage perception do not go hand in
hand, and thus that impressions concerning the latter cannot be inferred from judgements
pertaining to the former (e.g. Wearden 2005; Eugeni et al. 2020).

> In particular, Volante and colleagues (2018) searched for relations between the
reported sense of flow and duration estimation judgements during two different VR expe-
riences. Such choice appears in contrast with the association proposed here — and shared
by the DOIT model — between flow and time passage perception. Possibly supporting this
latter reading, Volante and colleagues’ study at stake gave null results.

4Tt could be observed that Larson herself does not connect explicitly to time pas-
sage perception the forms of temporality she addresses. Moreover, as it will be seen, one
of them is ambiguously labelled «protracted duration». However, based on their descrip-
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tions, the forms of temporality at stake quite clearly pertain to the domain of time passage
perception, which is supported by the fact that the DOiT model is normally discussed in
the literature in relation to this aspect of time perception (e.g. Wearden 2016).

> Eorsake of completeness, the remaining two are interstitial time (i.e, in-between
or waiting time) and temporal rupture (an exceptional and mostly violent disruption of
the ordinary sense of time).

¢ This statement may appear at odds with prominent accounts of game involve-
ment (most notably Calleja 2011), according to which mastering fluently the game controls
is a requirement for enjoying the game fully. However, Calleja’s view may actually very well
be compatible with the directions coming from the DOiT model and Csikszentmihalyi’s
theorisation of flow. Indeed, precisely because it leads to an ideal game experience, the
fluency Calleja refers to may very well indicate the ideal intermediate condition in which a
given game is not anymore exceedingly difficult, and hence frustrating, but not yet so easy
to becoming boring.
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