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Abstract
This thesis focuses on virtual restorative environments – specifically, the way that
natural environments have been created in a virtual context to elicit beneficial effects
on restoration and stress recovery. As the field of restorative environment research is
mostly concerned with studying the environment itself, the interaction between
participant and environment tends to consist of open exploration, and other ways to
interact are often overlooked. The aim of this thesis was therefore to construct a virtual
restorative environment with an additional possibility to interact, and to explore how
the interaction is connected to a virtual environment’s perceived restorativeness. To
gain deeper understanding about how different people perceived the virtual
environments, the experiment was conducted using qualitative measures such as
questionnaires, open questions and interviews. The results indicate that the perception
of a virtual environment’s restorativeness is a very subjective matter, as the individual
differences between the participants affected the way that they perceived the
environments.

Keywords: Restorativeness, Restoration, Interaction, Virtual Environments, Virtual
Nature, Games

i

Table of Contents
1
2

Introduction ........................................................................................................ 1
Background ........................................................................................................ 2
2.1

Central concepts ..................................................................................................... 2

2.1.1
2.1.2

2.2

Virtual restorative environments .............................................................................. 3

2.2.1
2.2.2

2.3

3

Gaming as a restorative activity .............................................................................. 8
Aim ....................................................................................................................... 10

3.1.1

3.2
3.3

Previous VRE’s ..................................................................................................... 14

4.1.1
4.1.2

4.2

Viewing VRE’s from a game design perspective ....................................................... 14
Art style and visual fidelity ......................................................................................... 16

Constructing the VRE’s ......................................................................................... 17

4.2.1
4.2.2
4.2.3

Technical information................................................................................................ 17
VRE 1 - free exploration............................................................................................ 17
VRE 2 - free exploration and additional way to interact.............................................. 18

Results and analysis ....................................................................................... 21
5.1
5.2
5.3

Participants ........................................................................................................... 21
Perceived level of stress ....................................................................................... 23
Perceived restorativeness scores ......................................................................... 23

5.3.1

5.4
5.5

5.6

T-tests and effect sizes on the perceived restorativeness scores ............................... 25

Observations......................................................................................................... 27
Open questions ..................................................................................................... 27

5.5.1
5.5.2
5.5.3

Descriptions – Group 2.1 .......................................................................................... 28
Descriptions – Group 1.2 .......................................................................................... 28
Descriptions of differences between the VRE’s ......................................................... 29

Interviews.............................................................................................................. 30

5.6.1
5.6.2

Additional wishes for interaction ................................................................................ 31
Descriptions of relaxing games ................................................................................. 32

Summary of results ......................................................................................... 36
6.1
6.2

7

VRE’s ....................................................................................................................... 11
Data collection methods............................................................................................ 12
Ethical considerations ............................................................................................... 13
Procedure................................................................................................................. 13

VRE’s design .................................................................................................... 14
4.1

6

Hypotheses .............................................................................................................. 10

Pilot tests .............................................................................................................. 11
Method.................................................................................................................. 11

3.3.1
3.3.2
3.3.3
3.3.4

5

Controversy concerning virtual nature ......................................................................... 5
Framing VRE’s as serious games ............................................................................... 7

Problem formulation........................................................................................ 10
3.1

4

Restorativeness .......................................................................................................... 2
Interactivity ................................................................................................................. 2

Perceived restorativeness scale ............................................................................ 36
Open questions and interviews ............................................................................. 37

Conclusions ..................................................................................................... 39
7.1

Discussion ............................................................................................................ 39

ii

7.2
7.3

Limitations............................................................................................................. 41
Future studies ....................................................................................................... 43

References .............................................................................................................. 45

iii

List of figures
Figure 1. The three virtual environments used in Valtchanov (2010). In: Valtchanov, D.
(2010) Physiological and Affective Responses to Immersion in Virtual Reality: Effects of
Nature and Urban Settings, p. 12. PhD. University of Waterloo.
Figure 2. Current version of Knight, Stone and Qian’s VRE (2012). Screenshot of YouTubeclip: HIT Team UoB (2015) Virtual Wembury 2015 [Video file]. Retrieved from:
https://www.youtube.com/watch?v=tyH-4IGrPnE [Accessed 2016-03-04]
Figure 3. Exploration and picking up objects in the games Life is Strange (2015) and
Firewatch (2016).
Figure 4. Screenshots from Journey (2012) and Flower (2009). Available online
(Journey):
http://thatgamecompany.com/wpcontent/themes/thatgamecompany/_include/img/journey/journey-game-screenshot-7b.jpg
[Accessed
2016-05-13].
Available
online
(Flower):
https://upload.wikimedia.org/wikipedia/en/f/f5/Flower_screen01.jpg [Accessed 2016-0513]
Figure 5. Screenshots of the VRE.
Figure 6. The difference between the VRE’s: static flowers in VRE 1 (top images) and
interactable flowers in VRE 2 (bottom images, marked by white circles).
Figure 7. How stressed do you feel right now?
Figure 8. Order effects on the perceived restorativeness scores
Figure 9. Mean values for the perceived restorativeness scores – separate subscales and
general restorativeness (all subscales combined)
Figure 10. PRS-scores for VRE 1 (VRE without additional possibility to interact)
Figure 11. PRS-scores for VRE 2 (VRE with additional possibility to interact)
Figure 12. The duration each VRE was explored

iv

List of tables
Table 1. Information about the participants in group 1.2
Table 2. Information about the participants in group 2.1
Table 3. Mean perceived restorativeness scores and standard deviation for the subscales
Table 4. T-test on perceived restorativeness scores between the VRE’s
Table 5. Effect Size (Cohen's D) calculations on PRS-scores

v

Abbreviations
ART

Attention Restoration Theory

PRS

Perceived Restorativeness Scale

SRT

Stress Recovery Theory

VE

Virtual Environment

VRE Virtual Restorative Environment

vi

1 Introduction
The aim of this thesis was to explore the role of interaction in virtual restorative
environments. Research on these environments have roots in Environmental Psychology,
and as research from the field has found natural environments to be more restorative than
urban ones, virtual restorative environments are often created as interpretations of natural
environments. As research on virtual restorative environments puts emphasis on the
environment’s structural qualities, person-environment interaction tends to be overlooked.
Therefore, this thesis focuses on exploring whether an additional possibility to interact with
the environment affects the perceived restorativeness of the environment in any way. The
main motivation of this thesis is to gain deeper understanding about how the interaction
affects the perception of a virtual environment’s restorativeness.
Towards this aim, an experiment was conducted to collect data about how participants
perceived two versions of a virtual restorative environment – a version without any
additional way to interact beyond walking around, and a version with an additional way to
interact. The participants’ perceptions were measured by using different data collection
methods such as questionnaires, observations and interviews. As the aim was to gain a
deeper understanding about how the participants’ perceptions, the experiment had a
qualitative focus.
The results indicate that the perception of a virtual environment’s restorativeness is very
subjective, as the individual differences between the participants’ expectations, preferences
and previous experiences affected the way they perceived the environments.
The structure of this thesis is as following. First, previous research on virtual restorative
environments is presented in the chapter titled “Background”. The chapter also includes
definitions about interaction and restorativeness, as well as a discussion about what virtual
restorative environments and serious games have in common. In the chapter titled “Problem
formulation”, the central research question, hypotheses and methods are presented. The
chapter after that, titled “VRE’s design” presents the construction of the two different virtual
restorative environments that were used in the experiment. The results are then presented in
the chapter “Results and analysis”, and summarized in the chapter “Summary of results”.
The final chapter, titled “Conclusions”, includes a presentation of the most central
conclusions, as well as discussion, limitations and future studies.
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2 Background
This chapter consists of an overview of previous research that builds the basis for this thesis.
The chapter is structured as following. First, central concepts will be described to offer a
basis of understanding into important areas, and to clarify how the concepts will be used in
this thesis. After defining the concepts, previous research on virtual restorative
environments is presented. The focus will then shift over to the role of interaction and to a
discussion of differences and similarities between virtual restorative environments and
serious games, and how a framing of virtual restorative environments as serious games can
open up for new perspectives.

2.1 Central concepts
The two central concepts of this thesis are interactivity and restorativeness. The following
paragraphs present different definitions of the concepts, and clarify how they are used in this
thesis.

2.1.1 Restorativeness
According to Ulrich, Simons, Losito, Fiorito, Miles and Zelson (1991), restoration involves
numerous positive changes, such as “positive changes in psychological states, in levels of
activity in physiological systems, and often in behaviors or functioning, including cognitive
functioning or performance” (p. 202). Restoration can be described as a broad concept that
is not only limited to stress recovery situations, but can also be applied to recuperation from
understimulation or low arousal (Ulrich et al., 1991). The term restorativeness is often used
in research on restorative environments, and refers to an environment’s capabilities to
promote restoration from stress. When measuring an environment’s restorativeness one is
measuring how well the environment provides a possibility for restoration from stress.
Another term that can be used to describe restoration from stress is the term recovery.
Sonnentag & Fritz (2007) describe recovery as “a process opposite to the strain process”
(p.205). Although it is worth noting that different fields may differ in whether they use the
term recovery or restoration, one can argue that the terms have more similarities than
differences. As this thesis mainly focuses on restorative environments, the term
restorativeness is the term that will be used most frequently. The usage of the term
restorativeness also functions as a way of connecting this thesis to previous research on
restorative environments.

2.1.2 Interactivity
They way interactivity is defined depends on what field it is viewed from. Bostan & Marsh
(2012) state that the concept is ambiguous and difficult to conceptualize, as various fields
define interactivity from different perspectives. In their paper, Bostan & Marsh present
different ways to define the concept. One such way is to categorize it into three levels of
interactivity: user-to-user, user-to-content and user-to-system interactivity. As this thesis
does not explore interaction between different users but instead focuses on the interaction
between user and virtual environment, the emphasis lies particularly on the last two levels.
User-to-content interactivity (also called user-to-documents interactivity) is categorized into
four groups based on how much control the receiver has over the content’s messages:
packaged content, content-on-demand, content exchange and co-created content (Bostan &
2

Marsh, 2012). User-to-system interactivity or Human-Computer Interaction (HCI) aims at
improving the interactions between users and computers and is both concerned with the role
of the hardware and software while also existing in the intersection of several different fields
such as psychology, cognitive science, and interface design (Bostan & Marsh, 2012, p. 23).
On a more detailed level, interactivity in games can be defined as “a product of the computer
mediated communication process and an outcome of player actions” (Bostan & Marsh, 2012,
p. 21). Along those lines, Sellers (2006) presents the following description of interactivity in
his paper: “Together the human user(s) and the device or program form an interactive
system, each altering the others’ behaviour” (2006, p.13).
In summary, interactivity can be seen as a system consisting of two-way communication
between user and program. This system can then be categorized in different ways, with the
user as the central component. As the aim of this thesis is to explore how an additional
possibility to interact may affect the user’s perceptions of the virtual environment, this thesis
mainly uses the above definition of interaction: the view of the user and program as forming
an interactive system.

2.2 Virtual restorative environments
As this thesis is concerned with exploring how the interaction between environment and
individual is connected to perceived restorativeness, the main theoretical perspectives of this
paper derive from the field of Environmental Psychology, with a particular interest in how
virtual restorative environments (from here on VRE’s) have been developed and tested. To
create an understanding of the conceptual background of the research on VRE’s, the two
complementary theoretical positions that permeate the field will first be described shortly:
Kaplan & Kaplan’s Attention Restoration Theory and Ulrich’s Stress Recovery Theory.
Attention Restoration Theory (ART) is a theory with a cognitive background, which is built
upon the view that there are two types of attention: involuntary and voluntary (directed)
attention (Berto, 2014). According to ART, a restorative environment is characterized by
four components: soft fascination, being away (either on a conceptual or physical level),
extent (rich and coherent environment) and compatibility between the environment and
one’s purposes and inclinations (Kaplan, 1995). ART views natural environments as more
restorative than urban environments as they allow for involuntary attention. Built
environments, on the other hand, “capture attention dramatically, requiring attention to be
overcome” (Berto, 2014, p. 396).
Stress Recovery Theory (SRT) is a psycho-evolutionary theory, which views unthreatening
natural scenes as restorative, as they lead to a more positively-toned emotional state and
decreased levels of physiological arousal (Ulrich et al., 1991). A difference between the two
theories is that SRT puts emphasis on affective responses, while ART focuses on cognition.
SRT proposes that “immediate, unconsciously triggered and initiated emotional responses–
not ‘controlled’ cognitive responses–play a central role in the initial level of responding to
nature” and thus have major influences on attention, conscious processing, physiological
responding and behaviour (1991, p. 207-208). SRT also differs from ART in the view of
involuntary attention, which according to Ulrich et al. (1991) does not solely result in
restoration, but can also occur when responding to potential danger. In summary, the two
theories view the concept of restorativeness from different perspectives, but agree on the
notion that natural environments are more restorative than urban or artificial ones.
3

As both ART and SRT view natural environments as more restorative than urban
environments, it is not that surprising that research on VRE’s has mostly focused on
depicting natural environments in a virtual or simulated setting (Knight, Stone and Qian,
2012; Valtchanov, 2010; Valtchanov, Barton and Ellard, 2010; Pals, Steg, Dontje, Siero and
van der Zee, 2014), and comparing natural elements with urban elements (Knight, Stone,
Qian, 2012; Valtchanov, 2010; Pals et al., 2014). Some papers present the creation and
testing of VRE’s (Knight, Stone and Qian, 2012; Valtchanov, 2010; Valtchanov, Barton and
Ellard, 2010) while others focus on examining elements that affect restoration (Pals et al.,
2014). These two groups are also interrelated in some cases, as in the study by Knight, Stone
and Qian (2012) which presented the creation of a VRE as well as exploration of elements
that affect restoration; in this case sound and smell.
A motivation for the development of VRE’s is that people who are not able to go outside can
benefit from exposure to virtual nature (Berto, 2014, p.399). Berto motivates this argument
further by describing the virtual reality-experience as “vivid and real” and inducing a “high
sense of ‘presence’ that affects the relaxation and the emotional response. Another
motivation for exploring nature’s restorativeness in a virtual setting is that the use of
technology gives the researcher a level of control over the experiment. According to Pals et
al. (2014), the virtual environment (from here on VE) enables the possibility to manipulate
some features while other factors are constant, and can thus make it easier to pinpoint what
it is that makes an environment restorative. Furthermore, VR (virtual reality) can simulate
highly realistic environments, which is why experiences in VR can be generalized to real
environments (Pals et al., 2014; Valtchanov, 2010; Valtchanov, Barton and Ellard, 2010;
Knight, Stone and Qian, 2012). In the context of these VRE-studies, the term VR does not
always refer to Virtual Reality-technology, but most often simply refers to a 3D-environment
which the user can interact with. In the case of Pals et al., however, the VE could not be
interacted with, but consisted of static 3D-images projected onto a cylindrical screen. The
intractable VRE’s can differ in how the environment is displayed: Valtchanov (2010) and
Valtchanov, Barton and Ellard (2010) used a head-mounted-display, while Knight, Stone
and Qian (2012) presented the VE over a computer screen.

Figure 1. The three virtual environments used in Valtchanov (2010).
To provide some visual information, Figure 1 and Figure 2 present images of two VRE’s.
Figure 1 consists of images of the VE’s used in Valtchanov’s experiment (Valtchanov, 2010),
which compared the restorative effects between natural and urban environments and a
control condition consisting of geometrical shapes (middle image). Figure 2 presents a
screenshot from the current version of the VRE developed by Knight, Stone and Qian (2012).
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Figure 2. Current version of Knight, Stone and Qian’s VRE (2012).
However, the use of technology also presents some limitations on the research of restorative
environments. Valtchanov, Barton and Ellard (2010) point out that the researcher’s level of
control results in differences between real and virtual nature, and that computer-generated
nature “consists of an artist’s interpretation and rendition of what natural objects, colours,
shapes, sounds, physics, motion and light look like” (2010, p. 504). Therefore, Valtchanov,
Barton and Ellard (2010) propose that computer-generated nature should be perceived as an
interpretation rather than a replication of nature. Nonetheless, Valtchanov, Barton and
Ellard (2010) found that their virtual forest had restorative effects even though participants
knew that the environment was synthetic. The researchers offer the following explanation:
This suggests that our predisposition to favoring nature may not necessarily
be confined to what is “real” and/or tangible, but rather that it may include
synthetic elements (such as three-dimensional re-creations like those in VR,
and photo/video-graphic replications) (2010, p.510).
The quote above is interesting, because it can be seen as support for the usefulness of VRE’s,
but viewed from a different perspective it can be seen as problematic.

2.2.1 Controversy concerning virtual nature
As discussed above, virtual nature can provide some of the benefits of interacting with actual
nature, but substituting actual nature with virtual nature can also be problematic. This
problem is described by Kahn, Severson and Ruckert (2009) in their article concerning the
concept of “environmental generational amnesia”. The concept centers on the assumption
that, as younger generations adapt to environmental degradation and the loss of actual
nature, they will “be drawn to increasingly sophisticated and pervasive forms of
technological nature, which will provide some but not all of the benefits of actual nature”
(2009, p.41). According to Kahn, Severson and Ruckert, this presents a further problem as
“there will be a downward shift (as there has been already) in the baseline across generations
for what counts as a full measure of the human experience and of human flourishing” which
“makes and will continue to make societal change difficult” (2009, p.41).
In the article by Levi & Kocher (1999), the possible future implications of virtual nature
systems are also explored. More specifically, they explore attitudes connected to such a
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system, and how such a system might affect attitudes towards natural environments.
According to the authors no such systems had been created at the time the paper was
written, but at the time of writing this thesis, such systems are a reality in the form of VRE’s
and game worlds. Therefore, Levi & Kocher’s paper is of great interest as it offers insight into
attitudes concerning applications resembling VRE’s even before their creation.
Along similar lines as Kahn, Severson and Ruckert (2009), Levi & Kocher (1999) speculate
that a potential impact of virtual nature systems is that people might devalue ordinary
natural landscapes if they have the option to experience virtual natural environments that
provide spectacular, optimum nature experiences. According to Levi & Kocher, the problem
with virtual nature has to do with the fact that the context is missing as the experience is no
longer connected with a relationship to the world. This argument derives from the view of
virtual nature as a purely sensational experience: “If you view the experience as only your
sensations, then virtual reality can simulate the experience of reality (at least for vision and
sound). But if you view experience as ‘person-world’ interaction, then virtual nature is an
inferior experience” (1999, p. 207).
Levi & Kocher also write about the potential benefits with virtual nature systems, but end the
paper with a warning similar to that of Kahn, Severson and Ruckert (2009):
The issue is not whether virtual nature could satisfy human desires to
experience nature, it probably could do this. The problem is that by using
virtual nature to satisfy our psychological desires we could become less aware
of what we as humans are doing to our environment (1999, p. 224).
It is important to note that none of these two papers created or tested VRE’s, but instead
used video streams and photos from natural settings as their examples of virtual nature.
However, the articles present an interesting perspective that can be extended to VRE’s. In
fact, the problematic lack of contextualization described by Levi & Kocher (1999) does
arguably exist within VRE’s as well, as the research of VRE’s seems to focus on creating
optimally restorative environments, while overlooking the role of person-world interaction.
However, what Levi & Kocher (1999) mean with ‘person-world’ interaction is a bit unclear. It
can be interpreted as the following: virtual nature may offer a sensationally pleasurable
experience, but the person-world interaction is inferior as it exists within a virtual context,
which poses some limitations on the experience; for instance, that the sense of touch is
inhibited. Another possible interpretation of the above quote is that the range of interactionpossibilities in a virtual context can never be as broad as in reality, and that this causes the
virtual experience to be inferior.
One might ask, then, whether Levi & Kocher (1999) propose that virtual nature experiences
would benefit from more ways to interact, or if they mean that the interaction would always
be inferior as it exists in a virtual setting. Then it might be more fruitful to ask is whether the
virtual environment could be used as a tool to enable ways to interact that are not possible in
reality, and whether this could give the experience meaning beyond what is possible in the
physical world. In fact, one can argue that this is exactly what is done in games.
Shifting focus to the interaction could be seen as a part of the problem, but that is if one
disregards the way that interaction can be used to create meaning. An example of this is
presented through the design of a game to raise awareness of the issues affecting the Great
Barrier Reef (Marsh, 2015). In the game, interaction and gameplay speed are manipulated to
6

create an experience that blends positive and serious experience, offering “opportunities for
reflection on issues affecting, and causing damage to, ecosystems in Australia’s Great Barrier
Reef” (Marsh, 2015, p. 12).
Presenting an example on how technology can be used to raise environmental awareness is
not to say that the problems stated by Levi & Kocher (1999) and Kahn, Severson and Ruckert
(2009) should be diminished. However, the problem might be more nuanced than a
polarization between nature and technology. On the very least, the potential to create
meaning through interaction should be explored further before condemning all virtual
nature systems.

2.2.2 Framing VRE’s as serious games
As described above, virtual nature systems can be problematic if they cause disconnect the
between the individual and the VE. A possible reason for this disconnect could be a focus on
sensational factors over person-world interaction, as interaction could give the experience
deeper meaning – thus creating a stronger connection between individual and VE.
Viewing the VE as purely sensational is arguably something that is done in VRE’s, where the
interaction with the VE is not discussed, while the VE itself is discussed in detail. This is due
to the fact that the field’s focus is on the environment, and not on the interaction with it.
However, one could argue that interaction with the VE should also be seen as a part of the
VE.
Still, none of the above papers on VRE’s presented other ways to interact with the VE than by
walking around and exploring it. Furthermore, in Pals et al. (2014) participants only viewed
images of the VE’s. The papers which did include exploration of a VRE (Valtchanov, Barton
and Ellard, 2010; Valtchanov, 2010; Knight, Stone and Qian, 2012) did not discuss the
specifics of the interaction itself but mainly focused on its effects by stating that interaction
with such a VE should result in restoration. However, as the computer-generated
environment should be perceived as an artist’s interpretation rather than a replication
(Valtchanov, Barton and Ellard, 2010), one could argue that this also applies to the type of
interaction that is chosen to be included in the experience.
The fact that interaction is not discussed in detail in VRE-research might be due to the fact
that interaction does not exist as an established term within the field – it is simply a verb
describing the way that the user experiences the environment. However, if the term
interaction is viewed from the field of game studies, a different picture emerges. Therefore,
framing VRE’s as games could be a useful method to open up new perspectives on the role of
interactivity in such environments. A way to frame VRE’s as serious games is to use Marsh’s
serious games continuum (2011), which proposes that the term serious games should include
applications with traditional gaming characteristics, as well as VE’s with minimal gaming
characteristics. VRE’s can quite easily be defined as “experiential environments for purpose”
(2011, p. 63), and can thus be categorized into the third category of Marsh’s serious games
continuum.
It is worth noting that the wish to explore other ways of interaction in VRE’s is not intended
as a criticism aimed at exploration as a way to interact. In fact, this type of interaction might
indeed be most fitting for the purpose of testing how the VE affects restoration. The purpose
of this observation is simply to introduce the notion that it might be valuable to explore why
free exploration can give rise to beneficial effects on restoration, and whether or not
7

alternative or additional ways to interact could enhance it further. Furthermore, it could be
useful to explore whether other possibilities to interact could be used to create a connection
between individual and VE and whether or not this connection could also remind the user of
their connection real nature, as an answer to the criticism aimed at virtual nature systems
(Levi & Kocher, 1999; Kahn, Severson and Ruckert, 2009).
In summary, encouraging discussion on the role of interactivity could be valuable in VREresearch as it might raise awareness of how the interaction itself affects the experience of the
VE, and this could in turn offer ways to explore how to create a more meaningful experience
between the individual and the VE.

2.3 Gaming as a restorative activity
As the research on restorative environments emphasizes the environment above the
interaction, it might be useful to look to other fields for an understanding of activities which
can enhance restoration. Collins & Cox (2014) offers such a perspective in their paper, which
centers on the effects of gaming on recovery. Their work is based on the recovery measure
developed by Sonnentag & Fritz (2007) who propose that by going beyond specific activities
and examining the underlying experiences one can gain insight into the psychological
recovery process. The underlying recovery experiences are divided into four categories:
detachment from work, relaxation, mastery and control (2007, p.204). In their study, Collins
& Cox (2014) test how these recovery aspects are related to gaming by comparing different
recovery questionnaires with questionnaires concerning participants’ gaming habits. They
also compare how different game genres affect recovery. According to the results of the
study, digital games may contribute positively to recovery, but do not necessarily associate
with all aspects of the recovery experience. Instead, different genres are correlated to
different aspects of the recovery measure. The study by Collins & Cox (2014) is valuable in
the way that it places recovery experiences in an everyday context and it is also interesting
from a more practical point of view, as it presents the notion that off-the-shelf games could
be used to aid restoration.
Another paper which explores the connection between gaming and Sonnentag & Fritz’s
(2007) recovery experiences is a study by Reinecke, Klatt and Krämer (2011). Their study
explores the role of interactivity on recovery experiences by comparing recovery outcomes
between interactive and noninteractive media. The experiment compared three activities
related to digital media: playing a 2D- puzzle game, watching a video recording of the same
game, or watching a short animated video clip. The results of the study show that the game
condition had the highest levels in the recovery measure subscales mastery and control while
it had the lowest levels in the subscale relaxation. These results can be compared to the study
by Collis & Cox (2014), which showed that different game genres are correlated to different
recovery aspects. When viewed from the perspective of restorative environment studies, the
results of the study by Reinecke, Klatt and Krämer. (2011) cannot be generalized to VRE’s as
the game used in the study did not feature any 3D-environment, but instead tested a 2Dpuzzle game. However, the study is a valuable example of how different types of interaction
can elicit different recovery outcomes.
The papers above exemplify how connections between games and restorative activities have
been explored by using the recovery measure developed by Sonnentag & Fritz (2007). In the
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context of this thesis, the above papers provide motivation for why the role of interaction
might be useful to study in the context of virtual restorative environments as well.
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3 Problem formulation
3.1 Aim
The central ambition of this thesis is to explore the role of interactivity in virtual restorative
environments, and more specifically; to explore the connection between the type of
interaction available, and the virtual environment’s perceived restoration. The motivation for
this is attempting to fill the gap in restoration research, where VRE’s mostly center on
exploration with no other possibilities for interaction than navigating and exploring the VE.
Thus, this thesis wishes to explore whether additional possibilities to interact with the VE
affect the perceived restoration of the VE in some way.
The central research question is:


How do different possibilities to interact affect the perceived restorativeness of a
virtual environment?

Information gained through the experiment can contribute to the creation of game
environments with a specific focus on enhancing the restorativeness, but this thesis is
directed mainly towards the area of restorative environment research – it is an attempt to
encourage further exploration of the role of interactivity in VRE’s. Furthermore, as previous
research on VRE’s has mostly involved a combination of physiological and psychological
data, with a focus on statistical analysis and with the qualitative data consisting only of
questionnaires (Knight, Stone and Qian, 2012; Pals et al., 2014; Valtchanov, 2010;
Valtchanov et al., 2010) this thesis instead focuses solely on the psychological aspect: the
perceived restorativeness of the VE’s. The perceived restorativeness is measured with
different types of qualitative data collection methods such as questionnaires, observations,
open questions and interviews. In this way, this thesis attempts to complement the previous
research with deeper understanding about the participants’ subjective experiences of VRE’s.

3.1.1 Hypotheses
Based on the different theoretical perspectives, different outcomes of the experiment can be
hypothesized. According to the Attention Restoration Theory (Kaplan, 1995) an environment
which demands less of a person’s attention should be perceived as more restorative. Based
on this view, one can hypothesize that the VRE without any additional possibility to interact
than by navigating would be perceived as more restorative, as there would be less elements
demanding attention. Therefore, the first hypothesis is the following:


H1: Based on the ART the environment without an additional possibility to interact
will be perceived as more restorative, as it may demand less of a person’s attention.

This perspective is countered by the Stress Recovery Theory, as Ulrich et al. (1991) claim that
stress recovery can also be applied to low arousal and understimulation. Based on this
theory, the VRE with an additional possibility to interact should be perceived as more
restorative. From this, another hypothesis emerges:


H2: Based on the SRT the environment with an additional possibility to interact will
be perceived as more restorative, as it may offer more stimulation.
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It is worth noting that these hypotheses contradict each other. However, this is in fact quite
understandable, as the two theories that the hypotheses are based on are built upon different
theoretical perspectives: on one hand the cognitive perspective of the ART (Kaplan, 1995) for
H1, and on the other hand the psycho-evolutionary theory of the SRT (Ulrich et al., 1991) for
H2. The contradictory nature therefore serves another purpose than comparing the two
VRE’s: the hypotheses also have the function of comparing the two central theories on
restorative environments, and testing how these theories function in connection to VE’s with
or without additional possibilities for interaction.
Furthermore, as the perception of an environment’s restorativeness can be very subjective
and can vary between different people, it might even be possible that both of these
hypotheses turn out to be true, but for different people. The hypotheses therefore also hint to
a possible complexity of perceived restorativeness.

3.2 Pilot tests
Before settling on the methods presented in this chapter, a set of pilot tests were conducted.
The main objectives for the pilot tests were to test different procedures and data collection
methods, and also to play-test different versions of the VRE’s. The full extent of the pilot
tests is not presented here. Instead, a short summary of the most important changes is
presented below.
Based on the results from the pilot tests some changes were made to the experiment design.
The biggest change was the decision to focus solely on psychological data – perceived
restorativeness – which was not the case from the start. After testing the use of a wristwatch
to measure heart rate, it was apparent that the physiological data, in combination with the
data from the Perceived Restorativeness Scale, amounted to more data than the researcher
could handle with the limited amount of time available. Another reason for the decision to
focus on the perceived restorativeness was that previous research on virtual restorative
environments have mainly focused on using a combination of physiological measures and
questionnaires (as discussed above). Therefore, the choice to focus on the perceived
restorativeness and to include an interview in the procedure opened up for the possibility to
complement previous research with deeper understanding about the participants’ subjective
perceptions of the VRE’s. More specific open questions were included as an attempt to attain
data that better matches the purpose of the experiment. The interview was also changed
from open and unstructured to a semi-structured discussion. Based on the results from the
play-tests of the VRE’s, the navigation was adjusted for a softer camera movement.

3.3 Method
3.3.1 VRE’s
As this thesis aims to explore how different interaction modes affect the perceived
restorativeness of a VE, the experiment was carried out by testing two different versions of a
VRE with varying ways to interact. The first version is a replication of previous VRE’s, where
interaction consists of walking around and freely exploring the environment. The interaction
in the second version also consists of walking and exploring, with the addition of a possibility
to interact with the VE in an additional way.
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The participants interacted with the VRE’s over a computer screen, and not by using virtual
reality-technology such as a head-mounted-display. This was motivated by the fact that the
focus of the experiment is on testing the interactive aspect, and not on testing how different
types of technologies affect restorativeness. Furthermore, previous research has stated that
while the type of technology plays a larger role on arousing emotions such as fear or
excitement, it is not as clear that the type of technology even affects participants’ relaxation
or restoration. According to an article by Diemer et al. (2015) relaxation is much less
influenced by the technology used, as it is a non-arousing emotion. Based on this, it can be
argued that the connection between interaction and restorativeness can just as well be
studied by using a computer screen.

3.3.2 Data collection methods
To measure the perceived restorativeness of the environments, the revised form of the
Perceived Restorativeness Scale (from here on PRS) developed by Hartig, Korpela, Evans
and Gärling (1997) was used. The revised PRS by Hartig, Kaiser and Bowler (1997) is a 26item scale consisting of statements which the participants are asked to rate on a 7-point scale
(see Appendix A for the complete PRS). The statements correspond to the ART’s (Kaplan,
1995) four subscales for restorative characteristics: being away (statement 1-5), soft
fascination (6-13), coherence (14-17) and compatibility (18-26). Statements 11 and 13-17 are
reverse-coded. For clarification’s sake, the term “setting” was changed to “virtual
environment” in the instructions of the PRS.
When measuring restoration from stress it is important to include a measure of the
participant’s stress level before and after the conditions. As this experiment focused on
perceived stress and restorativeness, the subjects were asked to rate their perceived level of
stress on a 7-point scale before the conditions, and after exploring each VRE.
Further qualitative data was collected through observations and a concluding interview at
the end of the experiment. The observation was carried out mainly to check that the
participants explored the VRE’s in the order they were asked to, and to ensure that there
were no technical difficulties. Other aspects that were observed were the time they took to
explore each environment, and how they chose to explore the environments (whether they
ran or walked, tried clicking on things etc.) This information was mainly saved to form a
basis for the discussion, but also as a complement to the other qualitative data, which rests
heavily on the participant’s own perceptions.
The interview was semi-structured in such a way that the participants answered three basic
questions, while additional questions were also added based on observations about how
participants interacted with the environments. The aim of the basic questions was to gain a
deeper understanding of how the participants perceived the VRE’s, and also how they would
describe a relaxing game. The purpose of asking participants to describe a relaxing game was
to see whether they would describe it in terms of interactivity or other aspects. These
answers could then be compared to the characteristics of the VRE’s. An open question was
also added to the end to enable for comments which were not included in the questions. The
basic questions were the following:




Did you notice any difference between the two environments?
How would you describe a relaxing game?
Do you have any other comments?
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3.3.3 Ethical considerations
To take into account the ethical principles as described by Vetenskapsrådet (2009), a
consent form (see Appendix B) was handed out to all participants. The consent form consists
of an information sheet and a certificate of consent. The information sheet presents
information about the experiment’s purpose, procedures and duration. The information
sheet also includes information about the participant’s rights: that participation is voluntary
and can be interrupted at any time and that the participant’s answers are confidential. The
certificate of consent consists of the participant’s and the researcher’s signatures.
It was estimated that further ethical considerations were not required for this experiment.
However, as an attempt to ensure the participants’ comfort, the researcher sat in the same
room during the whole experiment to assist in answering any questions, or to help out with
any possible difficulties. The participants were also informed of the reasons for the
researcher’s presence – to see that everything worked as it should, and to answer any
questions that the participant might have.

3.3.4 Procedure
At the beginning of the experiment, the participants were presented with a consent form and
received information about the experiment. The only information the participants received
about the VRE’s was that they would explore two versions of a virtual environment. The
participants were told only that the purpose of the research was to explore people’s media
preferences and perceptions about different kinds of virtual environments.
After signing the consent form, participants filled out a questionnaire with basic information
such as gender and age and answered questions about gaming habits and media preferences
(see Appendix C). Participants were then asked to rate their current level of stress on a 7point scale. All of the questionnaire-answers were collected by using a digital survey created
with Google Forms (2016) for smoother data collection.
The experiment was carried out by using a within-subjects design where all participants
experienced both of the VRE’s in a randomized order. To ease the interaction with the VRE’s
for participants with less experience of playing games, a note with instructions about how to
navigate was placed by the side of the computer.
After exploring the first VRE, participants were asked to again rate their level of stress, and
were then asked to answer an open question about the experience (“Please describe your
experience in the virtual environment in your own words”). After this they filled out the
PRS. This procedure was then repeated for the second VRE. The experiment concluded with
a short interview which was recorded with the participant’s permission.
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4 VRE’s design
This chapter presents the construction of the VRE’s that were used in the experiment. The
structure of the chapter is as following: First, characteristics from previous VRE’s will be
described shortly, as they form the basis for the VRE’s created for the experiment. After that,
VRE’s are analysed from a game design perspective to form a starting point for the
construction of the additional interaction. The chapter concludes with a description of the
VRE’s that were used in the experiments.

4.1 Previous VRE’s
Previous VRE’s are here described shortly to form the basis for the design of the VRE’s. Only
those VRE’s which involved a VE that enabled navigation of the environment are included in
this overview. Furthermore, as the goal of the thesis by Valtchanov (2010) is to build upon
the earlier study by Valtchanov, Barton and Ellard. (2010), the earlier study is excluded from
this overview. Therefore, the VRE’s that are used as the main sources of inspiration for the
design of the VRE’s are the VRE’s by Knight, Stone and Qian (2012) and Valtchanov (2010).
See Figure 1 and Figure 2 for a visual representation of the VRE’s.
Both Valtchanov’s (2010) and Knight, Stone and Qian’s (2012) VRE’s consist of a natural
environment in a virtual setting. The natural environment in both of the VRE’s is
characterized by greenery with leaf-trees, shrubbery and grass. There are four elements that
can be found in both of the VRE’s: water, sounds, wind effects and a path to guide the user.
Water takes the form of waterfalls, rivers and an ocean in Valtchanov’s VRE (2010), while
the VRE by Knight, Stone and Qian (2012) is a reconstruction of a coastal path, “complete
with beach and field areas, plus brook and buildings”. The sounds in both VRE’s consist of
natural sounds congruent with the setting, such as sounds of water, wind and bird song.
The VRE developed by Knight, Stone and Qian (2012) differs from Valtchanov’s (2010) VRE
on several points. One difference is that Knight Stone and Qian (2012) have based their VRE
on an actual place, Wembury, while Valtchanov’s (2010) VRE does not appear to be based on
a specific place. Another difference is that the VRE by Knight, Stone and Qian (2012)
included animals and man-made objects such as benches, railings and buildings, while
Valtchanov’s (2010) VRE did not. Lastly, Knight, Stone and Qian (2012) included the
possibility to implement procedural time of day and weather effects in their VRE, while
Valtchanov’s (2010) VRE seems to be set specifically in daytime.

4.1.1 Viewing VRE’s from a game design perspective
As described earlier, VRE’s can be defined as a type of serious game – an experiential
environment for purpose (Marsh, 2011). Therefore, it is worthwhile to analyse VRE’s from a
game design perspective in order to explore what type of interaction might be fitting for the
purpose. The MDA-framework by Hunicke, LeBlanc, and Zubek (2004) is used as the tool
for analysing the interaction. This is because the MDA-framework offers a way to analyse
games that is both detailed and specific while at the same time enabling a broader
perspective on how the parts connect to build the overall experience.
The MDA-framework (Hunicke, LeBlanc and Zubek, 2004) stands for mechanics, dynamics
and aesthetics, which in turn can be described as the following: mechanics are the game’s
basic components; dynamics consist of the behaviour arising from the interaction between
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mechanics and player’s actions; and aesthetic stands for the desirable emotional response
experienced by the player when interacting with the game. As for the aesthetics, Hunicke,
LeBlanc and Zubek (2004) provide a taxonomy which describes and differentiates between
different kinds of aesthetic experiences.
When viewing VRE’s from the perspective of the MDA-framework, the only mechanic that
can be discerned is the player’s navigation and exploration of the VE. This in turn creates a
very minimalistic set of dynamics consisting only of changes in the player’s perspective and
spatial placement. With the environment as the most central aspect of VRE’s, and with
navigation as the central (and only) mechanic, the terms sensation and discovery from
Hunicke, LeBlanc and Zubek’s taxonomy (2004) can perhaps best describe the desired
aesthetic experience of exploring the VRE. What is meant here with sensation is however not
that the VE is filled with intensive visual and audial cues. On the contrary, the desired
aesthetic sensation in VRE’s is a VE which is pleasurable and coherent but not too
demanding on the attention in order to create a restorative experience. In a similar manner,
the aesthetic discovery derives from exploration as the only discernible mechanic – but does
not signify that the environment is filled with objects to be found. In fact, the mechanic of
exploration in VRE’s does not seem to affect or change the VE in any way.
This is in stark contrast to how the mechanic of exploration generally functions in games.
Games tend to center on reaching some kind of a goal or telling a story, and the interaction is
then built around that. Two examples of how exploration can manifest in games are the
games Life is Strange (Dontnod Entertainment, 2015) and Firewatch (Campo Santo, 2016)
(Figure 3). In both games, the player can explore a VE, while also being able to gain further
information about it by interacting with certain objects. Both games are experienced through
a character which functions as a kind of translator or guide, presenting their own perspective
on the objects. In this way, the mechanic of exploration can also be seen as a storytelling
mechanism which provides a way to present information about both the character and the
VE to the player. Occasionally, the player is also given options about what to do about found
objects as for example examining objects further or cleaning up the area. Thus, the VE can
change slightly depending on the player’s actions.

Figure 3. Exploration in the games Life is Strange (2015) and
Firewatch (2016).
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A different take on exploration is presented in the games Flower and Journey
(Thatgamecompany, 2009; 2012) (Figure 4). Similarly to Life is Strange (2015) and
Firewatch (2016), Journey (2012) also features a character that the player controls.
However, the exploration of the VE is carried out quite differently in Journey (2012), as the
character does not speak, and does not have any hands to pick up objects with. Instead, the
player interacts with the VE mainly through the characters movement, and by singing a tune
close to interactable objects.

Figure 4. Screenshots from Journey (2012) and Flower (2009).
In Flower (2009), the player takes on the role of a wind which blows a flower petal in the air
and affects the VE in different ways. In both Journey (2012) and Flower (2009), the music
plays a big role in the experience, as it responds to the player’s actions dynamically. When
compared to the Life is Strange (2015) and Firewatch (2016), the biggest difference is that
Journey (2012) and Flower (2009) do not feature any speech or text. The character does not
offer any direct opinions about matters, and the interpretation of the story is up to the
player. This creates a different, more subtle type of exploration which can be seen as more
freeform and open. In this way, the exploration in Flower (2009) and Journey (2012) is
more similar to the exploration in VRE’s which do not feature any character or written story.
However, the exploration in all these games also differs from exploration in VRE’s, as the
player can interact with the VE in ways that affect it or cause the story to move forward.

4.1.2 Art style and visual fidelity
VRE’s have traditionally been created using a realistic art style with a high level of visual
fidelity. This derives from the fact that these VRE-studies focus on testing whether
restorative effects from real nature can be generalized to virtual nature. As such, the design
of the VRE’s seems to center on attempting to create a VE that is as similar to a real
environment as possible. The closest experimentation with art style is in Valtchanov (2010),
where an abstract environment was included (see Figure 1). However, this environment was
created as a ‘neutral’ environment consisting of only simple geometric shapes, and therefore
it should perhaps not be seen as experimentation with the art style, but as an attempt to
create a control condition for the natural and urban VE’s.
In contrast to this, a game’s art style and visual fidelity can vary greatly depending on the
purpose of the game. In games, natural scenes are also frequently used to create calming
experiences, but the tradition of game development entails more experimentation with the
art style. This also has to do with the fact that the VE in a game is often used as a way to
strengthen the aesthetic experience. As games often feature some kind of a story, the
environment can also be used to represent the story on a thematic level. As for the visual
fidelity, all of the above game examples (Flower, 2009; Journey, 2012; Life is Strange, 2015;
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Firewatch, 2016) use an art style that can be seen as slightly less realistic than the art styles
in the previous VRE’s. Life is Strange (2015) and Firewatch (2016) use an art style with less
detailed textures, while the art style in Journey (2012) is even sparser as the environments
often consist of only a few central colours which harmonize with the character’s red robes.
Interestingly, a less detailed art style might be beneficial in the context of VRE’s, as an
environment with simpler visual elements might demand less of a person’s attention
(Kaplan, 1995).

4.2 Constructing the VRE’s
4.2.1 Technical information
The VRE’s were created in the game engine Unity 5.3.4.f1 (Unity Technologies, 2016).
Custom 3D-meshes were created using the 3D-graphics software Autodesk Maya 2016
(Autodesk Inc., 2015). The textures of the 3D-meshes are based on a mixture of personal
photos and images acquired from the website Textures.com (2016). All of the textures were
modified using Adobe Photoshop CS6 (Adobe Systems, 2012) in order to create a consistent
art style.

4.2.2 VRE 1 - free exploration
Based on the previous VRE’s, the VRE consists of a natural scene with greenery, water areas
and natural sounds. The scene that was chosen for the VRE was a park including leaf trees,
shrubbery and flowers. The water areas consist of a small pond that is connected to an ocean
through a river. The design of the terrain and placement of the trees in the park is based on
Gatersleben & Andrew’s study (2013), which demonstrates that natural environments with
high levels of prospect (open areas and clear fields of vision) and low levels of refuge (few
hiding places) are experienced as the most restorative. Therefore, the park is designed as a
relatively open space and the trees are placed quite sparsely. See Figure 5 for screenshots of
the VRE.
As VRE 1 functions as a type of replication of previous VRE’s, the art style that was chosen is
similar to the style of the VRE’s by Valtchanov (2010) and Knight, Stone and Qian (2012).
However, the textures are simplified modifications of photo-realistic textures, and the VE
was not created as an attempt to create an environment that is as realistic as possible. The
choice of using a less realistic art style was inspired by the games discussed earlier in this
chapter and the simple art style was also beneficial on a practical level, as it enabled the
possibility to allot more time to structuring the scene and focus on constructing the
interaction. Similar to Valtchanov’s VRE (2010), this VRE is not based on any existing place.
Thus, the VRE should be treated as an artistic interpretation of a park, constructed and
placed in accordance with theories about how restorative environments should be
structured. This choice is motivated by the notion that computer-generated nature should
not be perceived as a direct replication, but as an artist’s interpretation and rendition of
nature. It is motivated further by the finding that virtual nature can have restorative effects
even though the participants know that the environment is synthetic (Valtchanov, Barton
and Ellard, 2010).
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Figure 5. Screenshots of the VRE.

4.2.3 VRE 2 - free exploration and additional way to interact
To ensure that the experiment measures the intended variable (additional interaction), the
environment is identical between both of the VRE’s. The only difference between VRE 1 and
VRE 2 is the addition of a way to interact with the environment in a more direct manner in
VRE 2. Therefore, the interaction needed to be constructed in such a way that the
environment itself remained as similar between the conditions as possible.
The aim was also to construct the interaction in such a way that it was consistent with the
aesthetics sensation and discovery. This was decided as an attempt to focus on the activity of
the interaction itself instead of adding a new aesthetic element and thus shifting the focus to
comparing different types of aesthetics. Due to these reasons, the interaction that was chosen
was the possibility to pick flowers. See Figure 6 for screenshots of how the flowers differ
between the two VRE’s.
For the sake of variation, and as a way to enhance the aesthetic sensation, four different
versions of the flowers were created varying in their colour: red, blue, purple and white. As a
way to connect to the aesthetic discovery and to the mechanic of exploration, flowers of
different colours were placed according to the following rules: white flowers grow on
hillsides and high places, red flowers grow in open fields, blue flowers are found by water
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and purple flowers grow in proximity to trees. Interactable flowers were also placed evenly
across the entire environment in an attempt to encourage exploration further.

Figure 6. The difference between the VRE’s: static flowers in VRE 1 (top images) and
interactable flowers in VRE 2 (bottom images, marked by white circles).
There were some ideas about constructing a backstory so that the interaction would have a
greater purpose, but this idea was discarded as it would add the aesthetic of narrative as a
new variable in the experiment which might shift focus away from the simple interaction. In
this way, the possibility to pick flowers is an attempt to create a type of interaction that is a
kind of compromise between how exploration manifests in previous VRE’s (exploration does
not have a specific purpose or change the environment) and how exploration manifests in
games (exploration has a more specific purpose and can change the environment). The
interaction of picking up flowers creates a slight change in the environment, as the flowers
disappear when they are picked up, but no larger purpose for this interaction is presented to
the user. It is also worth pointing out that navigation is also a type of interaction. Therefore,
both of the VRE’s do include a type of interaction in the form of navigation, and VRE 2 only
differs in the way that it offers an additional, more game-like way to interact through the
possibility to pick flowers.
With usability in mind, the interactable flowers feature a simple particle effect to draw the
user’s attention to the object. This proved to be successful – a pilot test showed that
participants were drawn to explore the object even though they had received no information
about the possibility to interact beforehand. A small sound effect is also activated as the user
picks a flower in order to give feedback about the action back to the user. The sound effect’s
pitch differs between flowers of different colours to further strengthen the aesthetic of
sensation.
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Using sound effects and particle effects in one condition while not using them in the other
might be problematic, as it creates differences between the visuals and soundscapes between
the environments. This in turn introduces the risk that the environments are compared
according to these effects instead of the interaction itself. However, it can be argued that the
effects are so closely connected to the interaction of picking the flowers they can be seen as
being a part of it. Still, as an attempt to make both environments as visually similar as
possible, a more discrete particle effect was also added to areas with flowers in VRE 1. In this
way, both environments feature particle effects, while the interactable flowers in VRE 2 have
additional, more pronounced and colourful particle effects.
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5 Results and analysis
This chapter consists of a presentation of the experiment’s results. First, descriptive data
about the participants is presented. After this, the focus shifts over to the quantitative data
with a presentation of the participants’ perceived level of stress and a comparison of the
perceived restorativeness scores between the VRE’s. The chapter then concludes with a
presentation of the qualitative data which was collected through observations, open
questions and interviews.
The software Microsoft Excel was used to organize written and numerical experiment data
(Microsoft, 2016). T-tests were performed with the statistical software SPSS Statistics 23
(IBM Corporation, 2016).

5.1 Participants
Twenty participants – 10 male and 10 female – between the ages 22 and 31 took part in the
experiment. A within-subjects design was used, so all of the participants explored both of the
VRE’s. The order in which they explored them was randomized in such a way that every
other participant started with exploring VRE 1 first (without additional possibility to
interact), and every other participant explored VRE 2 first (with additional possibility to
interact). Based on the order which the VRE’s were explored, participants were categorized
into either group 1.2 (participants who explored VRE 1 first and VRE 2 last) or group 2.1
(participants who explored VRE 2 first and VRE 1 last). See Table 1 and Table 2 for the basic
information about the participants. Table 1 presents information about the participants in
group 1.2, while Table 2 presents information about the participants in group 2.1.
The participants were recruited over social media and e-mail-send outs. A convenience
sampling was used to recruit participants, so the participants mainly consisted of students
and alumni at University of Skövde. Most of the experiments were conducted at University of
Skövde, with the exception of two experiments conducted in Jönköping. The same laptop
and headphones were used by all of the participants taking part in the experiment.
See Appendix C for the questionnaire concerning basic information about the participants.
The participants’ answers to the questionnaire can be seen in Table 1 and Table 2. Nearly all
of the participants described TV-series/Movies or video games/computer games as the types
of media content they use most for relaxing purposes. There were a few exceptions, however:
one participant stated that they do not use media content for relaxing purposes, while two
participants added other types of content such as music and mediation, and social media.
Most of the participants had previous experience of video games or computer games, with
the exception of three participants. All of the participants with experience in game
development also had experience of playing games. One participant added a new option experience of teaching game development.
The participants were asked to rate how often they play games on a 7-point scale (0-never, 6often). The answer to this question varied a lot between the participants. Most of the
participants described themselves as playing games quite often. Three participants described
themselves as never playing games.
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Table 1 Information about the participants in group 1.2

Table 2 Information about the participants in group 2.1
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5.2 Perceived level of stress
The participants were asked to rate their perceived level of stress on a 7-point scale (0: not at
all stressed – 6: maximally stressed) at three times during the experiment – before exploring
any of the VRE’s (PRE), and after exploring each VRE (POST-Condition 1 & POST-Condition
2). There were great variations in the participants’ perceived level of stress. For the complete
dataset (with calculations of mean values and standard deviation) of the participants’
perceived level of stress, see Appendix D.
Figure 7 shows the mean values of the participants’ perceived level of stress. The purple line
with the diamond shape shows the mean values for all twenty participants. Group 1.2 is
represented by the blue line with the quadrant. Group 2.1 is represented by the red line with
the triangle.
Stress
6 -high
0 - low

6
5
4
3
2
1
0

Mean - All participants

2.8
2.4
2

2.6
2.1
1.6

2.1
1.65
1.2

PRE

POST-Condition 1

Mean - Group 1.2

Mean - Group 2.1

POST-Conditon 2

Figure 7. How stressed do you feel right now?
The results show that the participants generally rated their level of stress lower after
exploring the first condition, regardless of which VRE they explored first. The second
condition, however, resulted in higher ratings of their perceived level of stress, but generally
not higher than the rating before the conditions. It is worth noting that these results only
show the mean values of all perceived stress ratings, and that there were great individual
differences between the participants.

5.3 Perceived restorativeness scores
The results from the Perceived Restorativeness Scale show that the participants generally
gave a higher restorativeness score for the VRE which they explored first (see Figure 8). Note
that Condition 1 and Condition 2 here only refer to the order in which the participants
explored the VRE’s. For group 1.2, Condition 1 stands for VRE 1, while Condition 1 for Group
2.1 stands for VRE 2.
PRS
6
(General) 5
6-high
0-low

4
3
2
1
0

3.83

3.85

3.78
3.33
3.01

3.82

Condition 1

Mean - Both groups
Mean - Group 1.2
Mean - Group 2.1

Condition 2

Figure 8. Order effects on the perceived restorativeness scores
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Figure 9 presents a comparison of the restorativeness scores for general restorativeness (all
subscales combined) and the four subscales (Being away, Soft fascination, Coherence, and
Compatibility) between the two VRE’s. Based on these scores, it would seem that VRE 2
(with interactable flowers) scores slightly higher on all aspects with the exception of the
subscale coherence. Note that Figure 9 presents the mean scores for both groups combined.
PRS
Both
6
Groups
5
6-high
0-low
4

5.59 5.48

3.43

3.74
2.88

3

3.34
2.83

3.32

3.3

3.58
VRE 1
VRE 2

2

1
0
General

Being Away Soft Fascination

Coherence

Compatibility

Figure 9. Mean values for the perceived restorativeness scores – separate subscales and
general restorativeness (all subscales combined)
Mean values and standard deviations of the Perceived Restorativeness scores are presented
in Table 3. For a complete overview of all participants’ PRS-scores to all the items in the
PRS, see Appendix E. The PRS-scores correspond to the questions presented in Appendix A.

Table 3. Mean perceived restorativeness scores and standard deviation for the subscales

Perceived Restorativeness Scale - Mean Values and Standard Deviation (SD)
General
Subscales
Restorativeness Being Away
Soft Fascination Coherence
Compatibility
(SD)
(SD)
(SD)
(SD)
(SD)
VRE 1 - All

3.43 (0.72)

2.88 (1.22)

2.83 (1.11)

5.59 (0.69)

3.32 (0.88)

VRE 2 - All

3.74 (0.82)

3.34 (1.41)

3.3 (0.91)

5.48 (0.63)

3.58 (0.94)

VRE 1 - Group 1.2

3.85 (1.64)

3.44 (1.45)

3.4 (1.48)

5.57 (1.03)

3.72 (1.63)

VRE 1 - Group 2.1

3 (1.96)

2.32 (1.46)

2.25 (1.64)

5.6 (0.84)

2.91 (1.88)

VRE 2 - Group 1.2

3.66 (1.77)

3.18 (1.79)

3.25 (1.65)

5.15 (1.14)

3.63 (1.77)

VRE 2 - Group 2.1

3.81 (1.63)

3.5 (1.47)

3.35 (1.27)

5.8 (0.51)

3.52 (1.69)

See Figure 10 and Figure 11 for a visualizations of the information presented in Table 2. The
figures show how the perceived restorativeness scores vary between the two groups of
participants (group 1.2 and group 2.1). As stated earlier, the participants generally gave a
higher restorativeness score to the VRE that they encountered first. It is also worth noting
that these order effects seem to be more prominent for group 2.1 (the group who explored
the VRE with interactable flowers first).
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Figure 10. Mean values of PRS-scores for VRE 1 (without additional possibility to
interact)
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Figure 11. Mean values of PRS-scores for VRE 2 (with additional possibility to interact)

5.3.1 T-tests and effect sizes on the perceived restorativeness scores
Paired t-tests were calculated to assess whether the differences in the participants’ perceived
restorativeness scores between the two VRE’s were of any statistical significance. Before
conducting the t-tests, the mean values for each participant’s perceived restorativeness
scores were calculated separately for each subscale (see Appendix E). These mean values
were then implemented into the statistical software SPSS 23 (IBM, 2016)
In this way, the t-tests were calculated separately for each subscale well as for all subscales
combined. Therefore, the t-test does not compare the two groups of participants, but instead
compares the perceived restorativeness scores between the VRE’s.
The abbreviations in the table stand for the different categories of pairs which were
compared: GR=general restorativeness (all subscales combined), BA=subscale Being away,
SF=subscale Soft fascination, CO=subscale Coherence and CM=subscale Compatibility.
An alpha-level of 5% was used in the t-tests. The differences were not statistically significant
– only negligible differences were found. An overview of the t-tests’ values are presented in
Table 4. See Appendix F for the complete data from the t-tests.
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Table 4. T-tests on perceived restorativeness scores between the VRE’s

Mean

Std.
Deviation

Paired Differences
95% Confidence Interval of the
Std.
Difference
Error
Mean
Lower
Upper

t

df

Sig. (2-tailed)

Pair 1
Pair 2

VRE1_GR - VRE2_GR
VRE1_BA - VRE2_BA

-.307692

1.031126

.230567

-.790274

.174889

-1.335

19

.198

-.460000

1.601447

.358094

-1.209500

.289500

-1.285

19

.214

Pair 3
Pair 4

VRE1_SF - VRE2_SF
VRE1_CO - VRE2_CO

-.475000

1.148225

.256751

-1.012386

.062386

-1.850

19

.080

.112500

.844779

.188898

-.282869

.507869

.596

19

.558

Pair 5

VRE1_CM - VRE2_CM

-.261111

1.084641

.242533

-.768739

.246516

-1.077

19

.295

Table 5. Effect Size (Cohen's D) calculations on the PRS-scores

Pair 1
Pair 2
Pair 3
Pair 4
Pair 5

VRE 1_GR

Mean
3.43077

20

Std.
Deviation
.716579

VRE 2_GR

3.73846

20

.819378

VRE 1_BA

2.88000

20

1.221561

VRE 2_BA

3.34000

20

1.414362

VRE 1_SF

2.82500

20

1.105756

VRE 2_SF

3.30000

20

.906301

VRE 1_CO

5.58750

20

.675097

VRE 2_CO

5.47500

20

.627757

VRE 1_CM

3.31667

20

.884694

VRE 2_CM

3.57778

20

.941154

N

Pooled Std.
Deviation

Effect size
Cohen's d

0.77

0.4

1.321

0.348

1.011

0.47

0.652

-0.173

0.913

0.286

Based on the mean values and standard deviation values acquired from the t-tests, effect
sizes were also calculated. The Effect sizes (Cohen’s d) were calculated by using an online
calculator by Lenhard & Lenhard (2016). All the groups in the t-test had an equal amount of
participants, so calculator nr.1 was used (1.Comparison of groups with equal size). Table 5
presents the results from Effect size-calculation.
The effect size values were analysed by using Cohen’s categorization of effect sizes, which
consists of three categories: 0.2=small effect size; 0.5=medium effect size; and 0.8=large
effect size (Thalheimer & Cook, 2002). Based on the results from the effect size-analysis, it
would seem that there are small to medium-sized effects on all of the categories except for
the subscale coherence, which had an effect size of -0.0173, which is below the threshold for
a small effect size.
The subscale with the largest effect size was soft fascination with the value of 0.47 – slightly
below a medium-sized effect. As this subscale consists of questions that can be connected to
a higher level of stimulation (see Appendix A for the questions), these results can be
interpreted in such a way that VRE 2 (with interactable flowers) was perceived as more
stimulating than VRE 1. This in turn indicates that the second hypothesis may be consistent
with VRE 2: The environment with an additional possibility to interact will be perceived as
more restorative, as it may offer more stimulation.
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5.4 Observations
All of the participants were observed while they explored the VRE’s. The purpose of the
observations was to check that the participants explored the VRE’s in the order they were
asked, to ensure that there were no technical difficulties, and to collect some information to
from a basis for the interviews. The collected information consisted of the duration the
participants explored each VRE, and of a few observations about how they interacted with it
(whether they picked flowers or not, if they walked around 0r tested clicking/ running). See
appendix G for notes from the observations. Mean values for the duration that the
participants explored each VRE are presented in Figure 12. VRE 2 was generally explored for
a longer duration, both for group 1.2 and group 2.1.
Duration
6
minutes
(min)
5
4
3

5.3
4.6
3.7

3.9

3.6

Both groups
Group 1.2

3.5

Group 2.1

2
1
0
VRE 1

VRE 2

Figure 12. The duration each VRE was explored

5.5 Open questions
Open questions were included in the survey to complement the PRS-scores with the
participants’ own descriptions of their experiences in the two VRE’s. The following open
questions were asked:





Please describe your experience in the virtual environment in your own words (This
question was asked twice – once after VRE 1 and once after VRE 2.)
You are now asked to compare the two environments. Did you notice any
differences between them? Please describe what you noticed. (This question was
asked once at the end of the survey - after both VRE’s had been explored and PRS
had been filled out twice.)
Do you have any other comments? Feel free to share them here. (The final question
of the survey, to enable additional comments).

As with the results of the Perceived Restorativeness Scale, the participants’ answers to the
open questions also seemed to reflect that the order in which the VRE’s were explored played
a big part in how they were experienced. All of the participants described the first VRE they
explored (regardless of whether it was VRE 1 or VRE 2) in generally positive terms. The
second condition instead resulted in a larger variation of descriptions. The complete
descriptions and how they were analysed (in terms of positive/negative) can be found in
Appendix H, to provide the reader with a possibility to analyse the descriptions on their own.
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Overall, both of the VRE’s were most often described in words which can be connected to
restorativeness – the two most used words for both VRE’s were calm/calming and relaxing.
As the participants were asked to describe their experience, most of the descriptions had to
do with what types of feelings the VRE’s evoked in the participants. Often the descriptions
were also connected to the structural qualities and elements in the environments, such as
sound, wind, water and trees. Of the elements, sound was mentioned most frequently, and
the participants particularly seemed fond of the sounds of the birds. See Appendix I for a list
of the descriptions, categorized according to context.
There were also some trends in how the VRE’s were described, which depended on the order
in which they were explored. The general trends for the descriptions are presented separately
for each group in the following paragraphs. As every other participant explored VRE 1 first
and vice versa, the participant-numbers reveal which group the participant belongs to. All
participants with an odd number (1, 3, 5 and so on) belong to group 1.2, while all participants
with an even number (2, 4, 6 and so on) belong to group 2.1.

5.5.1 Descriptions – Group 2.1
For group 2.1, the VRE which they explored first (VRE 2 – with interactable flowers) was
generally described in positive terms. In the descriptions for VRE 1, however, some
participants in group 2.1 expressed boredom or a sense of loss over the fact that there were
no interactable flowers. This seemed to affect some participants more than others, and
varied a lot depending on the participants’ individual differences. One participant even felt
more stressed than before due to the lack of flowers, while another participant stated that
there was no purpose when the flowers were gone. Below are some descriptions of VRE 1 by
participants in group 2.1.
P02: A sense of loss of flowers, i wanted to go to the city
P10: I got quite restless from feeling that I had no purpose at all in that
world. Not picking any flowers kind of "made me itch". Especially since I
knew this place from before. At least it was as similar to the last place as I
could ever remember (except for the lack of "gatherable" flower). It felt a bit
unfulfilling, I suppose. Even when I relax I need to feel that it has a purpose
and this made me feel more stressed than before.
P18: Still a calm and relaxing environment, but no purpose this time with the
flowers gone.
P14: I feel pretty much the same as before. Water, trees and birdsong have
almost the same effect on me... every time. It is soothing and nice. This time I
paid little to no attention to the fact that I could not run, I was busy
wondering why the flowers I could pick the last time, were gone. I missed the
sound they made when I picked them. Therefore it felt less personal, for
some reason.
P12: Calm but somewhat bored.

5.5.2 Descriptions – Group 1.2
Group 1.2 also generally described the first VRE they explored in positive terms (VRE 1 –
without interactable flowers), but for VRE 2 the descriptions were more varied:
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P05: It felt a little less calm this time. But a bit more interesting. There was
more to do, actively, than simply walking around. There was a goal finding all the flowers.
P13: I was more driven by a goal than in the other version, but still calm
P07: Being provided with actual flowers to collect added a sense of purpose
to the experience. But I felt less at home with the surrounding environment,
or perhaps it would be better described as a disregard for that which was
not a figuratively stated objective. I kind of longed to play a melody the
whole way through though, a little disappointed that it wasn't the case. The
clear visual elements disabled any sense of exploration.
P19: Was something supposed to happen when you found all flowers? I like having
a goal to work towards in environments, so I thought it was a good touch that you
could “collect” the flowers. The world felt larger, was it? You felt at least more
motivated to explore the world when you had something to do
Interestingly, some participants described their experiences in opposite ways. One
participant felt more motivated to explore the world when they had something to do, while
another participant instead felt that the clear visual elements disabled any sense of
exploration. The descriptions show how greatly the experiences of the same environment can
vary depending on individual differences.

5.5.3 Descriptions of differences between the VRE’s
The participants were also asked whether they noticed any differences between the two
VRE’s. Most of the descriptions for participants of both groups had to do with the
interactable flowers and their properties such as particles, colors and sounds. Surprisingly,
participants from both groups also noticed other, unexpected differences between the VRE’s,
even though the environments were identical in all aspects except for the interactable
flowers. The differences they experienced were for example more vegetation, thicker trees,
differences in the water and faster wind. An explanation to these unexpected differences
could be that the possibility to interact also affected how other elements in the environment
were perceived.
However, based on the observations (and confirmed in the interviews) it was noticed that
five participants did not interact with the flowers in VRE 2, but that three of them also
experienced unexpected differences between the environments. Two participants in group
1.2 felt that VRE 2 was less relaxing than the first VRE they explored:
P01: I don't know what it was but something made it feel smaller, more crowded. It
did not made as calm as the first. Perhaps the wind blew faster in the trees and
there was some more colors. The experience by the lake had changed also. It is very
difficult to say but I feel less content.
P03: The sound of the birds were relaxing in of it self, however. This environment
felt a little bit less relaxing. The second environment felt a little bit more windy, as if
the different properties of the world were speed up.
Similarly, a participant in group 2.1 liked VRE 1 less than the first VRE they explored:
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P06: not as nice as the first. I felt a bit disturbed by the wind and the noise in the
background.
Another explanation to the unexpected differences is that the formulation of the question
affected the participants. As the participants were specifically asked to describe what
differences they noticed, this might have caused them to search for differences, even if there
were none.

5.6 Interviews
An interview was conducted at the end of each experiment to gain deeper understanding
about the participants’ perceptions of the VRE’s. All participants allowed recording of the
interview, so the translated interview transcripts can be found in Appendix J. Background
information about the participants is also included in the transcripts.
The interview was semi-structured in such a way that the participants answered two basic
questions, while additional questions were also added based on observations about how the
participants interacted with the environments. An open question (Do you have any other
comments?) was also added to the end to enable for additional comments. After observing a
few of the experiments, a further question was added: whether participants came to think
about something else they would have liked to do in the environments.
The two basic questions were the following:



Did you notice/experience any difference between the two environments?
How would you describe a relaxing game?

The first question was asked to allow the participants to talk about their experiences in the
environments and compare the two VRE’s further. This question was interpreted in different
ways by different participants. Some participants recounted their feelings and experiences in
both VRE’s while other participants instead listed elements they thought were different
between them.
By asking the question about differences in the interview, new light was shed on why the
participants found unexpected differences between the VRE’s. One participant reflected that
the questionnaire (PRS) might have affected their perception of the second environment,
while another participant wondered if the differences they noticed were only due to
rationalization.
P01: (…) Maybe I had a placebo from the questionnaire – there were
questions about whether it feels chaotic or so, that maybe affected the
experience of the other environment.
P03: I think I noticed a difference, but [pause] it could also be post-hoc, like
I’m trying to rationalize, because it was the same environment, so that’s why
there was a difference there between them, and the only difference I could
think about was that the second environment felt a touch faster, like it was
like, the properties in the environment were [pause] moving a bit faster. But
once again, it isn’t anything that I’m entirely sure about.
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Some participants also stated that they had expectations for the second environment that
didn’t match the environment they received. These expectations in turn affected how the
second environment was perceived.
P08: No, I had expected that I would get to come to a completely different
environment, so that’s why I maybe didn’t really notice, I was all the time
looking for “oh ok, now I’m coming to the same environment, now something
will certainly pop up, so that there will be a big difference”. I walked around
a bit and searched for obvious things in the environment which would be
different. I started thinking that there would be differences in two
completely different environments, that one would be very stressful and the
other would be relaxing, but that wasn’t it.
P06: (…) Because I think that in the first environment, as I was a bit stressed
when I came here and so, so I just felt “Oh, how pleasant” [laughs] and
became calm, and then it was like you almost looked forward to another
environment, and then it became like I was really annoyed at these small
things then, or this wind. It made it not as cozy and pleasant kind of.

5.6.1 Additional wishes for interaction
After a few experiments had already been conducted, an additional question was added to
the interviews: “Did you come to think of something else that you would have liked to do but
couldn’t?” The question was added as a result from the observations - it had been noticed
that some participants experimented for example by jumping around, clicking, and trying to
walk into the water. Therefore, it was important to add a question about whether the
participants were searching for something additional to do, or wished to do something else.
Additional things that the participants wished to do mainly had to do with further
exploration, and especially with exploration of the water:
P19: To get outside of the wall [laughs], jump down into the water. Those
were the two biggest things. (…)
P11: Walk in the water.
P13: Jump into the sea [laughs] maybe. Otherwise I don’t think so, it was
quite pleasant to just walk around, actually.
P14: Jump into the water. I tried from different places. From the bridge, and
from the beach, and from the pier. (…)
P16: Jump into the water and swim around maybe. That was something that
maybe, if you want to think about immersion it’s something I think often
breaks the immersion that you can’t go – that there’s invisible barriers.
P17: Yes, jumping into the water. (…)
Some participants instead would have liked to have the ability to sit or lie down:
P03: [Laughs]. A funny function I thought about, would be if you could lie
down. I don’t know if it would have any effect, but it kind of felt like, it would
be nice to lie down here [laughs] under the shady trees. (…)
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P06: Hmm… Maybe to sit down, under a tree or something. To feel like, from
a sitting perspective as well.
P20: I’m thinking that… It depends on what you’re after, so if you want to
move around you maybe want to be able to run too, but if you just want to
relax somewhere you maybe want to be able to sit somewhere (…)
Other descriptions consisted of the wish to solve puzzles and to learn more about the
environment or the flowers:
P08: Well I would have absolutely wanted maybe, not that there would come
up things that pursue you, but that there would come up some stuff you
could solve, some puzzles, or like thought-stuff. That I think would have been
very cozy. I can almost get, I get really easily bored [laughs].
P12: I maybe would have wanted to see what the flowers led to, I thought
that if they like played a melody or something, because there were notes
when you picked them up. (…)
P18: I would have liked to know more about the place, or the environment in
some way, so. Even though I in one way think that it’s good that it wasn’t
told I would have liked to have more visual clues, or some kind of story that
you could experience.

5.6.2 Descriptions of relaxing games
The answers to the question “How would you describe a relaxing game?” varied a lot between
the participants, and there were great individual differences in what kinds of aspects the
participants described as relaxing. However, there were also some aspects that were
described often, by many different participants.
One such aspect was the reoccurrence of descriptions of a goal, purpose, activity or task.
Most often the participants expressed that there should be some kind of a goal, but that it
shouldn’t be too difficult to achieve:
P08: (…) But, the environment I liked, but just if you would maybe add a bit
like, activities, the I think I would have thought it was even better, and a way
for me to do something completely different, at the same time as, well then
you can maybe pick the level of difficulty, if you want to challenge yourself
cognitively, or if you just want to go in and do some small things to relax.
P12: Hmm, yes… it is that there should not be any stress in the game, so no
time limits, but at the same time there should be something to do so that it
isn’t too stressful to do it either. And that’s quite an interesting balance. (…)
P14: Like the one with the flowers more, that you can walk around, you have
a task, but it shouldn’t be on time, and you should be able to walk around
like I did, that I walked and looked a bit and then I went and picked flowers,
then I walked and looked a bit, then I went and picked. (…)
P05: (…) That there is a goal kind of, but it’s still very free and open like that,
but otherwise there are of course virtual environments where there isn’t
directly a goal, but you can just walk around, and that is very relaxing and
cozy and so. I don’t know if I would call it a game though.
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P17: (…) It should still be some type of activity, because that is relaxing I
think. Like painting. Then you’re doing something, the whole time, but you
are also, it doesn’t matter what it turns out to be in the end.
Some participants elaborated on why they felt that having a task was relaxing – they
expressed that a task helped them to keep their focus for a while:
P20: I think it’s more relaxing when you have a task, even though it maybe
isn’t so big, but that there’s a task. Yes, there mustn’t be too much to do, it
shouldn’t be too hard to get to, or hard to perform it, but it should still be
something that keeps focus for a while. For me at least.
P19: (…) I wrote a bit about it in the survey too, that I feel like it is at least for
me very relaxing when you have something to do, because then it’s much
easier to focus the thoughts like, but not too complicated stuff, and not too
heavy mechanically. (…)
One participant expressed that there should be a goal and a reason for the exploration, but
that the goal should not be over-obvious as this instead can discourage the wish to explore:
P07: (…) it must be aesthetically driving I feel, you should be able to have a
goal, but there should be a reason for the exploration. (…) to just explore
without there actually being any goal at all becomes boring also in the long
run. So like to have a goal, but to give incentive to explore too. (…)
(…) And then it became very much like, you just searched for them [the
flowers], you didn’t think so much about the environment, but rather I just
“but then we’ll find all of them to see it there’s any specific end. Then it kind
of became over-obvious what goal you had, then you don’t care so much
about exploring. (…)
Along those lines, the focus that came from having a goal could also hinder participants from
walking around freely. Furthermore, some participants described a lack of activity and lack
of impressions as relaxing:
P13: Hmm, the other version when I had sounds I became a bit more, well
you maybe focused a bit more, you knew a bit more where you should go,
maybe. You were more focused on what you should do instead of just
walking around. So you were a bit more goal-oriented, or what you should
say.
P05: (…) I think it was interesting how such a small difference in the
environment can change how you perceive it and how you explore it. In the
first one I just walked around looking at things and sort of "taking it all in".
But in the second one I went straight for the different flowers and when I
thought I had found them all I felt like I was done. In the first one there felt
like there was no goal, no ending, and I suppose I could just take it easy and
explore in my own time.
P17: (…) That there isn’t so much to do in the game. Maybe, that you can’t
run either. Because I noticed, when I realized that you could run it became a
bit more stressful. But when I only could walk I was forced to take the time it
took kind of (…) A relaxing game – I don’t know how much game it needs to
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be. I’m wondering about if it actually could just be a place to hang in. And
sure, then there maybe should be something to do in the game, but it’s nice if
it’s not forced. If it’s optional, or so, in some way. (…)
P01: (…) Usually, you like to do things in games, but it felt like you could just
walk around here – cozy to walk around, you could just be. Didn’t feel any
need to seek for something. That’s very relaxing and so, when you don’t have
any need to seek for something.
P06: Yes some kind of, not too many impressions, but quite a sparing
environment and so.
Some participants didn’t focus so much on whether there should be a goal or not, but mainly
described a relaxing game as a combination of visual and audio characteristics. Many of the
descriptions also included descriptions of nature:
P10: (…) Maybe just some ambient sounds as there were. Chirps from birds
and maybe some cozy music in the background, and a warm, lovely
environment like it was here too. To walk around in. (…)
P02: Yes but it is [pause] pretty environments, water, those nice trees,
bridges and waterfalls, views and well, trees and greenery
P01: The first environment – the chirping of the birds was pleasant, when
you came down by the lake, there you could just sit down.
P03: I think it would be a game where I feel [pause] that I have some natureconnection to it. And that it feels that there is life around. Which then is not
threatening [laughs].
P06: [Pause] Yes but definitively nature, it feels really important and…
green, kind of. Gladly a bit, well as it was, chirping birds and so.
P14: I liked that it blew in the trees. It was pleasant, that was relaxing I
think. I could stand and then I looked at how it blew a bit. That was nice. But
I wanted to jump into the lake and so.
The technological nature of the environments was experienced in slightly different
ways by different people:
P08: Had it been a real environment I could have spent a lot of time there.
But, I don’t enjoy as much now that it’s on a computer.
P06: Even though it’s on a computer screen it still felt like you were out in
nature and, precisely like when you stand there and gaze out to sea like, and
look up in the sky and sun and so, it felt very real anyway. That’s still
exciting.
Lastly, some participants reflected that what is experienced as relaxing can depend on
personal preferences, and that it can also depend on what a person wants to relax from. A
participant also questioned whether they in fact would use an environment like that to relax,
and reflected on how their reason for going into the environment affects the way they
experience it.
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P18: I think that a relaxing game is very difficult to do generally, it has a lot
to do with personal preferences. What is relaxing for one is not relaxing for
the other.
P20: It depends on that you want to relax from, I feel.
P03: (…) But then it is also that with the feeling of going into an environment
and at the same time, am I going into it to relax, or am I going in to it to do
something? Because I’m thinking like this, if, would I use an environment
like that to relax? That I don’t know…
In summary, the interviews show how the individual differences affected the perceptions of
the VRE’s, as the same environments were experienced in very different ways by different
people. Some participants did experience the interaction with the flowers as restorative, and
instead became stressed when no such interaction was available. On the other hand, some
participants expressed that a lack of activities was relaxing.
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6 Summary of results
This chapter presents a summary of the results, and analyses them in connection to the two
central hypotheses based on the literature on restorative environments:



H1: Based on the ART, the environment without an additional possibility to interact
will be perceived as more restorative, as it may demand less of a person’s attention.
H2: Based on the SRT, the environment with an additional possibility to interact will
be perceived as more restorative, as it may offer more stimulation.

Even though they contradict each other it was hypothesized that both of the hypotheses
might turn out to be true, as the perception of an environment’s restorativeness can be
subjective and vary between different people. Based on the results, this was indeed the case,
as some participants seemed to prefer to have an activity, while others instead described a
lack of activities as more restorative. Some participants also described a combination of the
two as the most restorative, in the form of having an optional goal balanced with open
exploration.
Due to the within-subjects design, there were order effects which affected the results of the
second condition that the participants explored. These order effects can be seen in all
different types of data. The results from the perceived restorativeness scale reveal that the
participants generally rated the first VRE they explored as more restorative than the second
VRE they explored. This difference was more pronounced for participants who explored VRE
2 first (the condition with interactable flowers). The participants also generally described the
first condition in a more positive context than the second condition in the answers to the
open questions. These order effects are important to keep in mind when analysing the
results.

6.1 Perceived restorativeness scale
Based on the results from the perceived restorativeness scale, the subscales Being away, Soft
fascination and Compatibility were overall rated higher for VRE 2 than VRE 1, which
instead had a higher overall restorativeness score for the subscale Coherence. Interestingly,
as the questions in the subscale Coherence can be connected to fewer aspects demanding
attention in the environment, H1 seems to be consistent with the results for VRE 1: the
environment without an additional possibility to interact will be perceived as more
restorative, as it may demand less of a person’s attention.
Still, none of these differences were of statistical significance when calculated in a t-test, so
conclusions should be drawn with caution. A Cohen’s D effect size analysis revealed that
there was however an effect slightly below medium size for the subscale Soft fascination. As
the subscale Soft fascination consists of questions that can be connected to a higher level of
stimulation, the results from the PRS-scores for VRE 2 may be consistent with H2: The
environment with an additional possibility to interact will be perceived as more restorative,
as it may offer more stimulation.
However, as there were significant order-effects based on the order in which the participants
explored the VRE’s, all conclusions based on the PRS should be drawn with caution. Due to
the order effects, the resulting analysis will mainly be based on the open questions and
interviews.
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6.2 Open questions and interviews
The open questions presented a hint about how subjective the experience of a virtual
environment’s restorativeness can be, which was confirmed by the data from the interviews.
Similarly as for the perceived restorativeness scale the answers to the open questions also
showed the presence of order effects, as all of the participants expressed the first condition
they encountered in generally positive terms (regardless of which VRE it was), while the
second condition was described in more varying ways.
As was hypothesized, both of the hypotheses turned out to be consistent with the
participants’ descriptions. Mostly, the participant’s descriptions were consistent with one of
the hypotheses, so in a way the expectation that the different hypotheses may turn out to be
true for different people was correct. However, there were also exceptions to this, as some
participants expressed such a view that the matter of restorativeness is complex, as it can
depend on such aspects as a person’s expectations or wishes for the moment. Furthermore,
there were participants who expressed an uncertainty about whether they would even use an
environment like that to relax.
Hypothesis 2 was most consistent in the case of participants who expressed that they
enjoyed the interactive element of VRE 2. Furthermore, when asked to describe a relaxing
game, some participants mentioned the existence of some kind of a goal, task or activity.
Some participants even gave reasons to why they wanted to have a task – they felt that it was
relaxing to have something to focus on. One participant also explicitly described that the
possibility to challenge oneself cognitively would be more relaxing. This is consistent with
the Stress Recovery Theory’s perspective (Ulrich et al., 1991) which is presented in
hypothesis 2 – that an environment with a way to interact may be perceived as more
restorative, as it offers more stimulation, which helps some people relax as they can focus on
something for a while.
However, it is worth pointing out that many participants were very detailed in their view of
what type of interaction was relaxing. It is not enough to just add interactive elements, but
the interaction should be constructed in such a way that some basic needs are met. Below are
some of the aspects that participants listed in connection with a relaxing type of interaction.
The numbers stand for participants who described the aspects in their descriptions.






No time limits or time counters (P05, P10, P12 P14, P15, P16, P17)
Balance between freedom and task/Goal as optional (P05, P07, P12, P14, P17)
No threats/No possibility of death/A possibility to respawn (P04, P16, P03, P15)
Not too heavy mechanically, not too difficult (P16, P19)
Possibility to choose difficulty level (P08)

Some of these descriptions are also consistent with another restorative aspect discussed in
the Stress Recovery Theory (Ulrich et al., 1991): that a restorative environment should
consist of an unthreatening natural scene. Along those lines, some participants expressed
that a relaxing game should not contain any threats or possibility of death.
In contrast to the participants discussed above, there were also participants who did not
express a need for further interaction, but who instead seemed to enjoy the freedom of only
walking around, and the simplicity this entailed. Some participants also mostly described a
relaxing game in terms of visual or audio cues, and did not stress the interaction. There were

37

participants who expressed a lack of activities as relaxing. For these participants, hypothesis
1 is most consistent. Therefore, further support for the Attention Restoration Theory’s
(Kaplan, 1995) view that an environment which enables involuntary attention is restorative
was found in the answers of participants who described that an environment which is sparse,
or where there isn’t too much to do is more relaxing.
In summary, both of the hypotheses turned out to be true, but for different people.
Therefore, the answer to the research question “How do different possibilities to interact
affect the perceived restorativeness of a virtual environment?” is something along the lines of
the following:
As the perception of an environment’s restorativeness is very subjective, different
possibilities to interact affect the perceived restorativeness of a virtual environment in a
variation of different ways depending on the qualities of the person exploring the virtual
environment. The qualities can be such things as for instance the person’s personal
preferences, previous experiences and expectations and motivations when stepping into the
virtual restorative environment. Some participants prefer to have something to do, while
other participants prefer to simply wander around freely. Some participants also described a
combination of the two as the most restorative, in the form of having an optional goal
balanced with open exploration.
Furthermore, the possibility to interact is not the only thing affecting the perceived
restorativeness of a virtual environment. Rather, the way that the interaction is constructed
affects the perceived restorativeness of the virtual environment in different ways. It is
therefore worth keeping in mind that how the interaction is constructed is of as much (if not
more) importance than a simple inclusion of additional interaction. Similarly as for the
perceived restorativeness of the environment, the wishes for the interaction are also affected
by individual differences and can vary greatly between different people. Still, there seem to
be some aspects which reappear more often than others, with the absence of time limits and
the balance between freedom and goal being the two aspects that appeared most often in the
participants’ descriptions of relaxing types of interaction.
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7 Conclusions
The central ambition of this thesis was to explore the role of interactivity in virtual
restorative environments, and more specifically; to explore whether an additional possibility
to interact affected the environment’s perceived restoration in some way. The central
research question was:


How do different possibilities to interact affect the perceived restorativeness of a
virtual environment?

The results showed that the perception of a virtual environment’s restorativeness is a very
subjective matter, as the individual differences between the participants affected the way
that they perceived the VRE’s. Some participants seemed to prefer to have something to do,
while other participants seemed to prefer to simply wander around freely. Some participants
also described a combination of the two as the most restorative, in the form of having an
optional goal balanced with open exploration.
Furthermore, an additional possibility to interact is not the only thing affecting the perceived
restorativeness of a virtual environment. Rather, how the possibility to interact is
constructed may affect the environment’s perceived restorativeness in different ways.
Similarly as for the perceived restorativeness of the environment, the wishes for the
interaction can also vary greatly based on individual differences between different people.
Still, there seem to be some aspects which reappear more often than others, with the absence
of time limits and the balance between having freedom and having a goal being the two
aspects that appeared most often in the participants’ descriptions of relaxing types of
interaction.

7.1 Discussion
The limited amount of time available restricted the way that the VRE’s could be constructed.
Due to this, the interaction was very simple, which was both beneficial and problematic. It
was beneficial in the sense that the one clear difference between the VRE’s made for a clearer
way to analyse the results – a more complex set of interactions may have made it more
difficult to pinpoint which of the interactions gave rise to what effect. However, the
simplicity was problematic in the sense that some participants did not even realize that
interaction was possible. Further signifiers should have been added to make this clearer.
Based on Bostan & Marsh’s (2012) descriptions of interaction, it can be stated that the
interactive condition of the VRE’s only consists of one type of interaction: user-to-content
interaction. Furthermore, as the users do not have any control over the messages of the VRE,
the user-to-content interaction in VRE 2 belongs to the group packaged content. This
limited possibility to interact seemed to be accepted by the participants, as none of them
expressed a need to cause additional or significant changes on the environment. However,
some participants expressed a wish to learn more about the environment, learn where the
flowers “led to”, or follow some kind of a story. So, even though the participants did not seem
to wish to alter the content, they seemed to wish for more content which they could explore
in their own pace.
As was pointed out by several participants, the way the interaction is constructed may be of a
larger importance than the inclusion of interaction itself. The participants who described a
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relaxing game as having a goal pointed out that it is not enough to just add a goal, but that it
should be constructed in a free and open way, so that the user can choose the pacing, and to
have freedom to choose whether to follow it or not. Furthermore, one participant described
the importance of having an incentive to explore – to not have an over-obvious goal but
rather to have a purpose for the exploration. This wish for an incentive for the exploration
may also have to do with the wish to have more content, or to have some kind of a story to
follow.
Therefore, the inclusion of interaction – however simple – may create a whole new set of
expectations in the participants, which is worth keeping in mind. This can be connected to
Sellers’ description of interactivity: “Together the human user(s) and the device or program
form an interactive system, each altering the others’ behaviour” (2006, p.13). If the user is
allowed to alter the program (even if only by collecting flowers), they also expect the system
to react or answer to their behaviour in some way.
The randomized order and the within-subjects design of the experiment is worth discussing
in greater detail, as the order effects caused by this experiment design affected the
participants’ answers. This experiment design was chosen to enable analysis of the
participants’ comparisons between the VRE’s, but the experiment design may also have
skewed the participants’ perceptions of the VRE’s. This in turn means that comparisons may
have to do more with the order the VRE’s were explored than the characteristics of the
VRE’s. This was also something that a few participants commented on – they expressed that
their expectations or the questions in the perceived restorativeness scale might have affected
their perceptions of the second condition. One can speculate that there are also other aspects
that may have affected the participants’ answers. One such aspect is the similarity between
the two environments. It was intended that the similarity between the VRE’s would enable a
better comparison of the variable that differed between them (the additional interaction),
but instead this may have caused the participants to experience the second condition as
strange, as it was both very similar and a bit different.
An interesting matter with the VRE’s was the reactions to the city in the background. The
city was only mentioned by three participants, two of which expressed a curiosity towards it:
P02: A sense of loss of flowers, i wanted to go to the city
P04: (…) I did not focus much on the park, but rather on the city that was
further away. I liked the way it was drawn. (…)
As both SRT (Ulrich et al., 1991) and ART (Kaplan, 1995) view natural scenes as more
restorative than built ones, it is unclear how the participants’ comments should be analysed.
On the one hand, it might be possible that the city did indeed capture the attention
dramatically (Kaplan, 1995), as one participant expressed that they did not focus on the park
but rather on the city. On the other hand, a participant mentioned that they wanted to go to
the city after a “sense of loss” of the flowers. This can instead hint that at the city as offering a
beneficial stimulation after losing the flowers. This recuperation from understimulation can
according to Ulrich et al. (1991) also be connected to restorativeness.
The matter above further illustrates the conflicting relationship between the SRT and the
ART. As has been stated earlier, the qualitative data indicates that both hypotheses can be
seen as consistent, but for different people. However, this also entails that both of the
hypotheses are inconsistent for different people. Should the theories then still be treated as
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the two central theories, or is a new theory on restorative environments needed which is
flexible enough to take into account people’s individual differences? Criticism on the theories
is also presented by Valtchanov (2010) in the context of the three virtual environments (see
Figure 1) created for Valtchanov’s study:
The presented data not only (partially) discredits both theories, but also
demonstrates that a new theory is required to explain the effects on affect and
stress that the three virtual environments promoted.
(2010, p.29)
Still, the ART and the SRT may be useful as long as these differences are kept in mind. It is
also worth pointing out that the theories focus on the structural characteristics of
environments. This thesis instead has used them to study the experiences of VRE’s, which
may be a cause for the ambiguous results. Another possibility for future ways to use the
theories is to complement them with other theories that focus more on the activity and the
individual. One such theory is the theory about Recovery Experiences developed by
Sonnentag & Fritz (2007), which centers on the notion that the underlying recovery
experience may be similar for all people, while the means towards reaching that experience
may vary between different people.
As an answer to the criticism on virtual nature (Kahn, Severson and Ruckert, 2009; Levi &
Kocher, 1999), there was indeed a participant who did describe the experience in the VRE’s
as inferior as the environment was experienced over a computer screen. Several participants
also did seem to enjoy the virtual nature scene, even though they knew that it was synthetic.
Conclusions about how this affects the participants’ perceptions about real (physical) nature
cannot be drawn solely based on these results, however. Still, one participant also seemed to
be reminded of their experiences in real nature after exploring the VRE:
P18: I think that it was lovely to go around there, quite calm and peaceful
and so. I have a lot of experience of just being out in the forest and so, so I
thought it was really, even though it wasn’t a forest but like a park, I thought
it was quite lovely.
Admittedly, this comment was only expressed by one participant, but it nonetheless hints to
the possibility that virtual nature may also remind people of their experiences in real nature,
and in this way help to strengthen their connection to natural environments.

7.2 Limitations
There are a number of limitations which may affect the results and their generalizability.
Some of the limitations have to do with the design of the VRE’s, while others have to do with
the experiment design.
A limitation with the VRE’s was that some participants did not even realize that they could
interact with the flowers in VRE 2. Therefore, the possibility to interact should have been
made clearer in some way.
Another limitation was that the environments were quite small in size. This restricted the
duration that participants could explore the environments without getting bored. However,
as the focus was on exploring how the interactive elements affected the experience, it might
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even have been beneficial that the environment was not too expansive, as this may have
helped to make sure that most of the participants noticed the interactive elements. The
participants were also restricted in their movement as invisible walls were built around the
water areas and the entrance. That this affected the experience of the VRE’s became
apparent in the interviews – most of the participants expressed a wish to explore the areas
that they were restricted from accessing.
Still, even with their limitations, the VRE’s provided the participants with a starting point for
reflections about their perceptions of restorative environments and relaxing games.
Furthermore, the weaknesses of the VRE’s might have also had a beneficial effect of inspiring
participants to talk about aspects that can hinder restorativeness, which is equally valuable
information.
A limitation in the experiment design (in combination with the small size of the VRE’s) was
that the participants were allowed to choose how long they wished to explore each VRE, and
then explored them for quite a short duration. The participants most often explored the
environments for less than 5 minutes (none of the participants explored the environments
longer than 7 minutes), which can be problematic, as longer exposure times than 10 minutes
are suggested to elicit bigger changes in restorativeness (Knight, Stone and Qian, 2012). As
the focus of this thesis was on the perceived restorativeness, it was decided that the
participants should then also be allowed to choose the time they perceived to be enough to
experience the environments. This was the main motivation for why the participants were
allowed to choose the time they wished to explore the VRE’s. Still, one can argue that the
experiment could have benefited from using a set time for all participants, as the participants
might have experienced the environments differently if they had to explore them for a longer
duration. Also, had all participants explored the environments for the same duration, the
results might be better compared between the participants. On the other hand, the aim of
this particular experiment was precisely to allow for the participants’ individual differences,
and to explore how the participants chose to interact with the environments when allowed to
do so freely. This matter therefore illustrates an interesting balance in experiments with a
qualitative focus – which aspects should the researcher control, and which aspects should
the participants be allowed to control? The answer to this question of course depends on the
central aim of the study. For this thesis, there are both benefits and drawbacks with allowing
the participants to decide how long they wanted to explore the VRE’s. A benefit is that it
enabled the possibility to collect data about how long the participants chose to explore the
VRE’s, while a drawback is that the differences in how long participants chose to explore the
VRE’s may affect how the VRE’s were perceived.
That the participants were recruited by convenience sampling limits the generalizability of
the results. Even though there were differences in the participants’ media preferences and
game experience, the group was still quite homogenous as all participants were students, or
had formerly been students. The randomized order and the within-subject design of the
experiment also presented limitations in the form of order effects, which skewed the
participants’ perceptions of the VRE’s.
As for the survey, some of the questions could have been adjusted. For example, asking
participants to rate how often they play computer games on a 7-point scale can be
problematic, as the way the participant answers depends entirely on their own perceptions.
A more precise formulation would have enabled collection of more precise information.
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Another problematic formulation was the question of which media content participants
prefer to use for relaxing purposes. As this question was presented before exploring the
VRE’s, it may have affected the participants’ perceptions of them, and made the participants
more prone to experience the VRE’s in terms of relaxation.
When it comes to the analysis of the qualitative data, it can be argued that the categorization
of the descriptions as positive or negative contexts is an overly simplistic view of the
participants’ descriptions. However, it is important to categorize qualitative data so that the
descriptions are easier to understand in a larger context, and also so that they can be used as
an additional way to test the hypotheses. And towards these aims, the simple perspective of
positive/negative descriptions was useful.

7.3 Future studies
Future studies might benefit from considering the limitations mentioned in the previous
paragraphs when attempting to construct a virtual restorative environment.
As many participants expressed a wish to explore precisely the areas which they were
restricted from, future studies are advised to avoid invisible walls, or to at least to construct
them as seamlessly as possible. This is of all the more importance in the construction of
virtual restorative environments, when the aim is to create a relaxing environment that
causes as little frustration as possible.
A limitation with the experiment design was that a convenience sampling was used to recruit
participants. Future studies would benefit from a more diverse group of participants for
more generalizable results.
When deciding on what procedure to use, future studies are advised to keep in mind that the
within-subjects design with a randomized order caused order effects on the results. The
usability of this procedure depends on the aim of the experiment. If the experiment’s focus is
on comparisons of the conditions by the subjects, a within subjects design may work well,
while it should perhaps be avoided if the aim is to gather data about the individual
experiences of the environments.
As this thesis has tested how the inclusion of a simple possibility to interact can affect the
perceived restorativeness of a virtual environment, future studies are advised to explore the
connection between interaction and restorativeness on a more detailed level. One thing to
keep in mind when constructing the interaction is that the inclusion of interaction gives the
participants a new set of expectations. If a user is allowed to alter the program in any way,
they will probably also expect some kind of a response from the system. Therefore, it might
be useful to consider according to which level of interactivity the VRE should be constructed
(which may differ depending on the aim of the study).
The MDA-framework (Hunicke, LeBlanc and Zubec, 2004) was used when constructing the
interaction for VRE 2. The interaction was constructed as an extension of the two aesthetics
found in previous VRE’s: sensation and discovery. An interesting area for future studies on
VRE’s could be to experiment with the other aesthetics of the MDA-framework to explore
how they correspond to the environment’s restorativeness. From another perspective, a new
aesthetic goal titled Restorativeness or Relaxation could be added to the MDA-framework
based on the participants’ descriptions of what type of interaction they found relaxing. As
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many participants expressed that the balance between open exploration and having an
optional goal was central in creating a relaxing game experience, these aspects could form
the basis for the new aesthetic goal concerning restorativeness or relaxation. Researchers or
game designers interested in constructing restorative environments or games might benefit
from exploring the balance between open exploration and having a goal further.
The representation or interpretation of a natural scene in a virtual context seemed to be
experienced in slightly different ways by different people. Therefore, it might be interesting
for future studies to study further how a person’s connection to real nature may affect their
experience in a virtual nature scene, and contrarily, how the experience of a virtual nature
environment may affect a person’s perceptions of real nature.
Finally, the aim of this thesis was both exploring how a possibility to interact affects the
environment’s restorativeness, as well as testing how the two central theories on restorative
environments – ART (Kaplan, 1995) and SRT (Ulrich et al., 1991) – can be utilized towards
this aim. Based on the results of this thesis, future studies interested in exploring the role of
interaction further are advised to complement ART and SRT with other theories that focus
more on how activities can be restorative, and theories that may better take into account the
individual differences between the participants.
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Appendix A - Perceived Restorativeness Scale
Note: The following statements correspond to the Attention Restoration Theory’s
four subscales for restorative characteristics: being away (statement 1-5), soft
fascination (6-13), coherence (14-17) and compatibility (18-26). Statements 11 and
13-17 are reverse-coded.

Please indicate on the 7-point scale the extent to which the given statement describes your
experience in the virtual environment (0 = Not at all; 6 = Completely).
1. Being here is an escape experience.
0
1
Not at all

2

3

4

5

6
Completely

2. Spending time here gives me a break from my day-to-day routine.
0
1
Not at all

2

3

4

5

6
Completely

5

6
Completely

3. It is a place to get away from it all.
0
1
Not at all

2

3

4

4. Being here helps me to relax my focus on getting things done.
0
1
Not at all

2

3

4

5

6
Completely

5. Coming here helps me to get relief from unwanted demands on my attention.
0
1
Not at all

2

3

4

5

6
Completely

5

6
Completely

6. This place has fascinating qualities.
0
1
Not at all

2

3

4

7. My attention is drawn to many interesting things.
0
1
Not at all

2

3

4

5

6
Completely

8. I want to get to know this place better.
0
1
Not at all

2

3

4

5

I

6
Completely

9. There is much to explore and discover here.
0
1
Not at all

2

3

4

5

6
Completely

10. I want to spend more time looking at the surroundings.
0
1
Not at all

2

3

4

5

6
Completely

3

4

5

6
Completely

4

5

6
Completely

11. This place is boring.
0
1
Not at all

2

12. The setting is fascinating.
0
1
Not at all

2

3

13. There is nothing worth looking at here.
0
1
Not at all

2

3

4

5

6
Completely

4

5

6
Completely

4

5

6
Completely

14. There is too much going on.
0
1
Not at all

2

3

15. It is a confusing place.
0
1
Not at all

2

3

16. There is a great deal of distraction.
0
1
Not at all

2

3

4

5

6
Completely

3

4

5

6
Completely

5

6
Completely

17. It is chaotic here.
0
1
Not at all

2

18. Being here suits my personality.
0
1
Not at all

2

3

4

II

19. I can do things I like here.
0
1
Not at all

2

3

4

5

6
Completely

5

6
Completely

5

6
Completely

20. I have a sense that I belong here.
0
1
Not at all

2

3

4

21. I can find ways to enjoy myself here.
0
1
Not at all

2

3

4

22. I have a sense of oneness with this setting.
0
1
Not at all

2

3

4

5

6
Completely

23. There are landmarks to help me get around.
0
1
Not at all

2

3

4

5

6
Completely

24. I could easily form a mental map of this place.
0
1
Not at all

2

3

4

5

6
Completely

25. It is easy to find my way around here.
0
1
Not at all

2

3

4

5

6
Completely

26. It is easy to see how things are organized.
0
1
Not at all

2

3

4

5
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6
Completely

Appendix B - Informed Consent Form
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Appendix C - Questionnaire with basic information
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Appendix D - Perceived
level of stress

Partici
pant

All participants
(Correct Order)
POSTConditio
Condition
n Order
PRE
1

All participants - VRE 1 vs. VRE 2
(Incorrect Order)
POSTCondition
2

Partici
pant

Conditio
n Order

PRE

POSTVRE 1

POSTVRE 2

P01

1.2

1

0

3

P01

1.2

1

0

3

P02

2.1

1

1

2

P02

2.1

1

2

1

P03

1.2

0

0

0

P03

1.2

0

0

0

P04

2.1

5

4

5

P04

2.1

5

5

4

P05

1.2

3

1

0

P05

1.2

3

1

0

P06

2.1

4

3

4

P06

2.1

4

4

3

P07

1.2

2

2

3

P07

1.2

2

2

3

P08

2.1

3

1

1

P08

2.1

3

1

1

P09

1.2

2

2

2

P09

1.2

2

2

2

P10

2.1

3

3

4

P10

2.1

3

4

3

P11

1.2

4

3

3

P11

1.2

4

3

3

P12

2.1

2

1

2

P12

2.1

2

2

1

P13

1.2

2

1

1

P13

1.2

2

1

1

P14

2.1

2

2

2

P14

2.1

2

2

2

P15

1.2

0

0

0

P15

1.2

0

0

0

P16

2.1

2

1

1

P16

2.1

2

1

1

P17

1.2

4

2

3

P17

1.2

4

2

3

P18

2.1

5

4

4

P18

2.1

5

4

4

P19

1.2

2

1

1

P19

1.2

2

1

1

P20

2.1

1

1

1

P20

2.1

1

1

1

2.4
1.465
39

1.65
1.225818
738

2.1
1.483239
697

2.4
1.46
539

1.9
1.4473
20573

1.85
1.3088
7658

Mean:
Standard
Deviation:

VRE 1-VRE 2 Participants (Group 1.2)
Partici Conditio
POST-VRE POST-VRE
pant
n Order
PRE
1
2

Mean:
Standard
Deviation:

VRE 2-VRE 1 Participants (Group 2.1)
Partici Conditio
POSTPOSTpant
n Order
PRE VRE 2
VRE 1

P01

1.2

1

0

3

P02

2.1

1

1

2

P03

1.2

0

0

0

P04

2.1

5

4

5

P05

1.2

3

1

0

P06

2.1

4

3

4

P07

1.2

2

2

3

P08

2.1

3

1

1

P09

1.2

2

2

2

P10

2.1

3

3

4

P11

1.2

4

3

3

P12

2.1

2

1

2

P13

1.2

2

1

1

P14

2.1

2

2

2

P15

1.2

0

0

0

P16

2.1

2

1

1

P17

1.2

4

2

3

P18

2.1

5

4

4

P19

1.2

2

1

1

P20

2.1

1

1

1

2
1.414
21

1.2
1.032795
559

1.6
1.349897
115

2.8
1.47
573

2.1
1.2866
83938

2.6
1.5055
4531

Mean:
Standard
Deviation:
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Mean:
Standard
Deviation:

Appendix E - Perceived Restorativeness-scores
NOTE: Red numbers are reverse-scored, as they stand for reverse-coded questions
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Appendix F - T-test on PRS-scores
Abbreviations: VRE 1 = Environment without additional possibility to interact
VRE 2 = Environment with additional possibility to interact
BA = Subscale BEING AWAY
SF = Subscale SOFT FASCINATION
CO = Subscale COHERENCE
CM = Subscale COMPATIBILITY
GR = General Restorativeness (All subscales combined)

Paired Samples Correlations
N

Correlation

Sig.

Pair 1

VRE 1_GR & VRE 2_GR

20

.104

.664

Pair 2

VRE 1_BA & VRE 2_BA

20

.269

.252

Pair 3

VRE 1_SF & VRE 2_SF

20

.362

.117

Pair 4

VRE 1_CO & VRE 2_CO

20

.161

.499

Pair 5

VRE 1_CM & VRE 2_CM

20

.295

.206

Paired Samples Statistics
Pair 1
Pair 2
Pair 3
Pair 4
Pair 5

20
20
20

Std. Deviation
.716579
.819378
1.221561

Std. Error Mean
.160232
.183218
.273149

3.34000

20

1.414362

.316261

VRE 2_SF
VRE 1_CO
VRE 2_CO
VRE 1_CM

2.82500
3.30000
5.58750
5.47500
3.31667

20
20
20
20
20

1.105756
.906301
.675097
.627757
.884694

.247255
.202655
.150956
.140371
.197824

VRE 2_CM

3.57778

20

.941154

.210448

VRE 1_GR
VRE 2_GR
VRE 1_BA
VRE 2_BA
VRE 1_SF

Mean
3.43077
3.73846
2.88000

N

Paired Samples Test

Mean

Paired Differences
95% Confidence Interval of
Std.
the Difference
Std.
Error
Deviation
Mean
Lower
Upper

t

df

Sig. (2tailed)

Pair
1

VRE 1_GR VRE 2_GR

-.307692

1.031126

.230567

-.790274

.174889

-1.335

19

.198

Pair
2

VRE 1_BA VRE 2_BA

-.460000

1.601447

.358094

-1.209500

.289500

-1.285

19

.214

Pair
3

VRE 1_SF VRE 2_SF

-.475000

1.148225

.256751

-1.012386

.062386

-1.850

19

.080

Pair
4

VRE 1_CO VRE 2_CO

.112500

.844779

.188898

-.282869

.507869

.596

19

.558

Pair
5

VRE 1_CM VRE 2_CM

-.261111

1.084641

.242533

-.768739

.246516

-1.077

19

.295
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Appendix G - Notes from observations
Note: Lighter red color in the column “Observations VRE 2” signifies that the
participant did not interact with the flowers

IX

Appendix H - Complete answers to open questions
Note: The descriptions are analyzed according to the context. A plus sign (+)
to the right of the description means that the description was analyzed as
generally positive, while a minus sign (-) means that the description was
analyzed as generally negative. When both signs are present (+ -) the
description was analyzed as neutral, or as including both positive and
negative aspects.

X

XI

Appendix I - Categorization of answers to open
questions
NOTE: The words/terms are categorized according to the context they were
used in. A plus-sign (+) signifies a positive context, while a minus-sign (-)
signifies a negative context. The dot signifies a neutral context, or that the
term could not easily be categorized as either positive or negative.

VRE 1 – Descriptions
Feelings/impressions




















Terms connected to restorativeness:
 Calm, calming (7)
 Relaxing (4)
 Soothing
 Peaceful
 Wanting to sit down and just relax
Other terms that may be connected to restorativeness:
 Cozy (2)
 At ease
 Pleasant atmosphere
 Wanting to stay
 Chill
 Place to go when you want to feel good and be a part of nature
 Satisfying
Nice (3)
Warm
Bright
Curiosity
Interesting
Excitement
Beautiful
Enjoyable
Not as nice
Somewhat bored
Lack of purpose
o Restless
o More stressed than before
Loss of flowers (3)
o Not picking flowers “made me itch”
o Felt less personal
o Missed the sound from flowers
Unfulfilling
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Elements












Sound
o Birds (5)
o Trees in wind
Wind (2)
Water
Trees
Graphics
Colors
City
o Wanted to go to city
o Focused on city (liked the way it was drawn)
Wind
o Disturbed
Sound
o Noise in background

Other descriptions







Haven in the middle of the city
Warm bright feel like a summer day
Wondered if there was a hidden secret somewhere
Searched for something to do/interact with, but it was quite pleasing that there
wasn’t anything to find
Too bright light at entrance

VRE 2 –Descriptions
Feelings/impressions













Terms connected to restorativeness:
 Calm, Calming (8)
 Relaxing (5)
 Soothing (2)
 Peaceful
Other terms that may be connected to restorativeness:
 Chill
 Cozy
 Harmonious
Nice (3)
Interesting (2)
Warm (2)
World felt larger
More engaging
Bright
Mysterious
More to do actively
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Nostalgic
Less calm (2)
Longed to play a melody whole way through, disappointed that couldn’t
Smaller, more crowded
Clear visual elements disabled any sense of exploration
Less relaxing
Less content
Less at home
Stressed when couldn’t run

Elements








o

Sound (6)
o Birds (4)
o Nature
o Music
Goal/Purpose (5)
 Felt more motivated to explore the world when you had something to do
 I like having a goal, so it was a good touch that you could “collect flowers”
 Easier to appreciate a nice environment when you have a “purpose” to be
there
 Finding all flowers
 Sense of something to collect in order to progress
 Got into a flow and had to pick all flowers
 Flowers to collect
 More driven by a goal
Ocean (2)
Sky (2)
Colors
o Bright, warm green colors
Wind
Flowers
 Nice
 Nice walking around picking flowers
 Liked the touch that a note played when you interacted
 Sounds are supposed to make player feel more relaxed, I listened to sounds
more carefully and allowed myself to feel more relaxed
o Light coming out
o Walking over produced a song

Other descriptions






Oceanic presence and green nature is always soothing for me
Environment gives off a warm feel like a summer day
Started focusing on whether notes would turn into a song
Was something supposed to happen when you found all the flowers?
Walking took forever – this is both good and bad

Comparison - Differences
XIV

VRE 1





In general
o More stripped down
Flowers
o No purpose with flowers gone
o No flowers (2)
o Only particles, doing nothing when walking over
 Empty without flowers
 Big flower was gone
 No flowers, which was saddening
Objects
o Tiny wooden floor
o Maybe lake was smaller
o Maybe paths/trees differed

VRE 2









In general
o Properties speeded up
o More sound
o Goal
o Gameplay
Flowers
o played sound (8)
o More colors/different colors (4)
o Could pick up flowers (2)
o Particles (2)
o More flowers
o Focus on flowers
o More flicker
Trees/vegetation
o More vegetation
o Trunks had different colors
o Maybe thicker trees
Light
o Sun in different location
Wind
o Leaves blew faster
o More windy

Both



Didn’t notice any difference
Water
o Different shapes
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Appendix J - Interview transcripts
NOTE: The headlines contain the following inform ation about each
participant: P01 – participant number (in this case, number 01). F30:
Gender and age (in this case Female, aged 30). 1.2: Condition order (in
this case VRE1>VRE2).
For clarity’s sake, all participants who experienced the VRE’s in order
VRE1-VRE2 are marked in blue, and all participants who experienced the
VRE’s in order VRE2-VRE1 are marked in red.
The colored text stands for questions of the survey, observations by the
researcher, or the researcher’s questions and comments during the
interview. The black text stands for the participant’s answers to the survey
questions and the interview.

P01_F30_1.2 (Interview translated)
Background information
Game experience: playing – played when younger (around 20)
Media for relaxation: music and meditation
How often plays games: 1

Observations:
VRE1 Duration: 5min – Walks around at calm pace
VRE2 Duration: 4min – Does not pick flowers, walks around

Stress:
PRE: 1
VRE1: 0
VRE2: 3

Interview – Duration: 3min
Did you notice any difference between the environments?
Yes, but it’s hard to put my finger on it. The first was just “Oh how calm and relaxed”,
the other felt like “I don’t want to be here”. I wondered what it was, I was sure that
there was more color by the flowers, it felt more crowded. I wondered if there were
different colors on the trunks, faster wind, the light from the sun was different.
Maybe I had a placebo from the questionnaire – there were questions about whether
it feels chaotic or so, that maybe affected the experience of the other environment.
About the flowers – in the second environment you were able to pick flowers by
walking on them. Did you do that?
[Laughs] Didn’t think at all that you could pick them up!
How would you describe a relaxing game?
The first environment – the chirping of the birds was pleasant, when you came down
by the lake, there you could just sit down. Usually, you like to do things in games, but
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it felt like you could just walk around here – cozy to walk around, you could just be.
Didn’t feel any need to seek for something. That’s very relaxing and so, when you
don’t have any need to seek for something.

P02_ M31_ 2.1 (Interview translated)
Background information
Game experience: playing
Media for relaxation: TV-series/Movies
How often plays games: 1

Observations:
VRE2 Duration: 5min – Picks flowers, clicks with mouse
VRE1 Duration: 3min – Mainly walks in spaces with flowers

Stress:
PRE: 1
VRE2: 1
VRE1: 2

Interview – Duration: 0min59
Did you notice any difference between the environments?
The flowers are missing, and they don’t ting
How do you think that affected the environment?
It becomes very boring after I had been in the awesome environment, tinging
flowers, I came to the environment without tinging flowers, and I didn’t find
anything that could replace the tinging flowers in the second environment.
How would you describe a relaxing game?
Yes but it is [pause] pretty environments, water, those nice trees, bridges and
waterfalls, views and well, trees and greenery
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P03_M26_ 1.2 (Interview translated)
Background information
Game experience: playing
Media for relaxation: TV-series/Movies
How often plays games: 5

Observations:
VRE1 Duration: 4min – walks calmly, looks at sky, is still by bridge
VRE2 Duration: 3min – walks by flower, but does not pick up them

Stress:
PRE: 0
VRE1: 0
VRE2: 0

Interview – Duration: 4min40
Did you notice any difference between the environments?
I think I noticed a difference, but [pause] it could also be post-hoc, like I’m trying to
rationalize, because it was the same environment, so that’s why there was a
difference there between them, and the only difference I could think about was that
the second environment felt a touch faster, like it was like, the properties in the
environment were [pause] moving a bit faster. But once again, it isn’t anything that
I’m entirely sure about. The first thing I thought about was that there was like
another color on the trees, but that’s also like that, I don’t know [laughs].
Okay. What would you say if I told you that the only difference was that there were
more flowers in the other environment?
Oh? I think it’s that effect that gets it to feel more… Because what I noticed, was, it is
like the flowers, it kind of flickers around them. I don’t know, there is some effect
around the flowers, and because there were maybe more flowers, the effect became
like more noticeable. Which made it feel like it was a bit up speeded.
Did you notice that you could pick flowers by walking over them?
No. [Laughs]. I don’t think I walked on the flowers out of respect, to not trample on
them [laughs].
How would you describe a relaxing game?
I think it would be a game where I feel [pause] that I have some nature-connection to
it. And that it feels that there is life around. Which then is not threatening [laughs].
But then it is also that with the feeling of going into an environment and at the same
time, am I going into it to relax, or am I going in to it to do something? Because I’m
thinking like this, if, would I use an environment like that to relax? That I don’t
know…
What would you think is more relaxing, to interact with the environment or not having
a possibility to interact?
[Laughs]. A funny function I thought about, would be if you could lie down. I don’t
know if it would have any effect, but it kind of felt like, it would be nice to lie down
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here [laughs] under the shady trees. No but, it’s difficult to come up with something
concrete.
Do you have something else you want to say?
No.

P04_M23_ 2.1
Background information
Game experience: playing, development
Media for relaxation: Video games/computer games
How often plays games: 4

Observations:
VRE2 Duration: 7min – Views the white entrance, picks up flower, asks if you
could move faster, (I tell how), runs around, picks flowers
VRE1 Duration: 4min – Runs around, clicks, tries to interact with flowers

Stress:
PRE: 5
VRE2: 4
VRE1: 5

Interview – Duration: 1min56
Did you notice any difference between the two environments?
Yeah, um, like in the first one there were these light things that you were going
through, and the flowers was triggering like a sound, and the light was disappearing,
there was still particles and flowers. And in the second version that was not present.
Apart from that, I saw a little super-tiny wooden bridge, you know, close to the seaview. That maybe was in the first version, but I didn’t see it. And [pause] then I think
there was not any other changes.
How would you describe a relaxing game?
[Pause]. Something like Fez. That was relaxing, you know, really calm music, and
like, not very stressed about doing something fast, and doing something you know
like, if you play the puzzle, you can repeat it, there’s no stress, if you die you just
respawn automatically. So, yeah, the setting was also very relaxing, and you know the
music, the environmental sound was very low, really nice, and it was nice, very
bright.
Do you have any other comments?
Yeah, I wrote in the form, but, the entrance wall was super bright. Ok, so, if you see
from the outside it’s ok. But then I was trying to go through it, and the bright from
the screen was actually hurting my eyes. So that’s the only thing I can point out.
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P05_F27_ 1.2 (Interview translated)
Background information
Game experience: playing, development, teaching game development
Media for relaxation: TV-series/Movies
How often plays games: 4

Observations:
VRE1 Duration: 3min – looks at entrance, walks around
VRE2 Duration: 3min – looks around, immediately starts picking flowers

Stress:
PRE: 3
VRE1: 1
VRE2: 0

Interview – Duration: 2min40
Did you notice any difference between the environments?
The only thing I noticed [pause] was that in the second version there were different
colors on the flowers, and they had particles that you could like pick up, and that
different sounds played when you did so. Otherwise like afterwards I started thinking
about, were there still birds and stuff? If they sounded in the second, but I wasn’t
entirely sure. [Laughs]. I didn’t think about it when I walked around, but I just
wondered afterwards. Otherwise I don’t think I noticed anything.
How would you describe a relaxing game?
Eh [pause], it depends a bit on how you define a game [laughs], but there are games
like Flower and like these, where there is a lot of exploration, and there’s calm music,
and there’s no time aspect, and there’s nothing like you have to reach up to a point,
no kind of competition or so. But there is still a goal, that you should collect flower
petals, so in that way it still feels like it’s a game. That there is a goal kind of, but it’s
still very free and open like that, but otherwise there are of course virtual
environments where there isn’t directly a goal, but you can just walk around, and
that is very relaxing and cozy and so. I don’t know if I would call it a game though.
Do you have any other comments?
No, not directly… It was more that, I thought it was very interesting, like how [pause]
now there were maybe more differences than I noticed, but just such a difference that
in the second environment you had a goal and something to do more actively, and it
still gave a really big difference.
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P06_F23_ 2.1 (Interview translated)
Background information
Game experience: No experience
Media for relaxation: Social media
How often plays games: 0

Observations:
VRE2 Duration: 4min – looks around slowly, walks on paths, to the sea
VRE1 Duration: 2min – walks around, on paths again, to sea again

Stress:
PRE: 4
VRE2: 3
VRE1: 4

Interview – Duration: 3min11
Did you experience any difference between the environments?
Yes, I did. A lot of difference. The other felt more stressful, because it was this wind,
which blew in the trees, and that you heard it in the background the whole time, this
wind sound. Because I think that in the first environment, as I was a bit stressed
when I came here and so, so I just felt “Oh, how pleasant” [laughs] and became calm,
and then it was like you almost looked forward to another environment, and then it
became like I was really annoyed at these small things then, or this wind. It made it
not as cozy and pleasant kind of.
Did you notice that you could pick flowers by walking on them in the first
environment?
No, I did not notice that.
Do you think it would have affected/changed anything in the experience?
Hmm…
Or was it enough to walk around?
Yes, but it had certainly also been cozy to feel that you get a bit calm of it too, like to
do something. It becomes a bit like mindfulness at your own pace and so. So it would
certainly have contributed a bit extra and so, but it was lovely as it was.
Did you come to think about something that you would have perhaps been able to do
in the environment?
Hmm… Maybe to sit down, under a tree or something. To feel like, from a sitting
perspective as well.
How would you describe a relaxing game?
[Pause] Yes but definitively nature, it feels really important and… green, kind of.
Gladly a bit, well as it was, chirping birds and so. Yes, there could be some relaxing
music. Yes some kind of, not too many impressions, but quite a sparing environment
and so.
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Do you have any other comments?
No, it was interesting, just that you still get so, that it felt so very real anyway. Even
though it’s on a computer screen it still felt like you were out in nature and, precisely
like when you stand there and gaze out to sea like, and look up in the sky and sun and
so, it felt very real anyway. That’s still exciting.

P07_M25_ 1.2 (Interview translated)
Background information
Game experience: playing, development
Media for relaxation: TV-series/Movies
How often plays games: 4

Observations:
VRE1 Duration: 3min – tests jumping, klicks on flowers, runs around, tries to
go out park entrance, looks around quickly
VRE2 Duration: 6min – picks up flowers, runs around, clicks/tests different
keyboard buttons

Stress:
PRE: 2
VRE1: 2
VRE2: 3

Interview – Duration: 5min31
Did you notice any difference between the environments?
[Laughs] Yes, no, but, even though there was no target or so, you were still a bit
curious to explore like, what was there, like, and then you saw these areas you know,
where there floated these transparent flowers, and you just “hmm, I’m betting this
has a function in the other version” [laughs]. And then you walked into them but
nothing happened, so you counted on it being so for other areas as well but you tried
anyway. And then you couldn’t swim, that I was a bit disappointed on [laughs]. And
then in the other version this flower directly cam over “blip” and I just “Yes, hm”
[laughs].
Yes, you got you answer
Yes [laughs]. It started reminding of this, the game you had, which you showed on
the science….
Oh yeah, on the science festival
Yes, I thought “hmm, similar mechanics”, yes, so I walked around to search for these
sound-things [pause]. And then it became very much like, you just searched for
them, you didn’t think so much about the environment, but rather I just “but then
we’ll find all of them to see it there’s any specific end. The it kind of became overobvious what goal you had, then you don’t care so much about exploring. Then it
reminds of Skyrim, where you all the time have like, icons up by the compass which
show, that now you’re close to something. Those were the things I thought about the
most.
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How would you describe a relaxing game?
I would look at Journey or Flower [laughs]. Eh [pause] it must be aesthetically
driving I feel, you should be able to have a goal, but there should be a reason for the
exploration. It should not be like this over the top, how should you say… But like
exploration feels like it’s relaxing in any case, if you go down to the groundwork
there, and then, to just explore without there actually being any goal at all becomes
boring also in the long run. So like to have a goal, but to give incentive to explore too.
Like that you explore and then you maybe get something like this… I don’t know, but
you can still take it at your own pace. It’s fun to explore kind of. I tried the first game
that thatgamecompany made, Flow, they tried the same thing as your question “how
to do a relaxing game” [laughs] but it just became boring instead. You were supposed
to just grow as an organism, but it was just long-drawn in the long run. And it was
because you got just one thing to go after. And the n you couldn’t explore either. So
yeah, relaxing, that is probably exploration. At least for me. Without targets [laughs].
Do you have any other comments?
Eh… [pause] nice leaves.
I wondered about a thing. You tested different buttons and so…
Yes, I thought about it when I did so the first time, became self-conscious [laughs]
but then I thought whatever, fuck it, I have to try anyway. Then nothing happened,
but then I knew.

P08_F28_Condition order 2.1 (Interview translated)
Background information
Game experience: No experience
Media for relaxation: TV-series/Movies
How often plays games: 0

Observations:
VRE2 Duration: 5min – picks flowers, walks around, tries to walk through
entrance
VRE1 Duration: 4min – looks around, walks to sea, pier, looks out to sea

Stress:
PRE: 3
VRE2: 1
VRE1: 1

Interview – Duration: 3min51
Did you experience any difference between the environments?
No, I had expected that I would get to come to a completely different environment,
so that’s why I maybe didn’t really notice, I was all the time looking for “oh ok, now
I’m coming to the same environment, now something will certainly pop up, so that
there will be a big difference”. I walked around a bit and searched for obvious things
in the environment which would be different. I started thinking that there would be
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differences in two completely different environments, that one would be very
stressful and the other would be relaxing, but that wasn’t it.
But you noticed the flowers you could pick in the first environment?
Mm.
Did you notice that they were missing in the other one, or did you come up with
another explanation for it?
No I didn’t really think about it, because I didn’t care about them anymore. They
weren’t exciting, because I could pick them then, or, it tinged when you walked on
them, but nothing more happened with theat. Then it was like “aa but then I’ll ignore
them”.
Would you have wanted to have a possibility to do something else in the
environment? Did some thought like that appear?
Well I would have absolutely wanted maybe, not that there would come up things
that pursue you, but that there would come up some stuff you could solve, some
puzzles, or like thought-stuff. That I think would have been very cozy. I can almost
get, I get really easily bored [laughs].
How would you describe a relaxing game?
This I thought was very good, it was very cozy, and calm and nice, and I loved the
environment. Had it been a real environment I could have spent a lot of time there.
But, I don’t enjoy as much now that it’s on a computer. But, the environment I liked,
but just if you would maybe add a bit like, activities, the I think I would have thought
it was even better, and a way for me to do something completely different, at the
same time as, well then you can maybe pick the level of difficulty, if you want to
challenge yourself cognitively, or if you just want to go in and do some small things
to relax.
Do you have any other comments?
Yes, I think I answered a bit differently because I didn’t know what the point was, so
I was affected by that I think. And first I thought that, well the second time I visited
the place, I experienced it as even more soothing and beautiful. Because the first time
I was the whole time searching after that something would happen. I was searching
for things. And I wasn’t really present in how nice it was there. But the other time it
was more: ”Aha, it’s nice here, there’s sea, it’s a beautiful environment, and it’s
soothing”, so then I noticed that.
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P09_F22_ 1.2 (Interview translated)
Background information
Game experience: No experience
Media for relaxation: TV-series/Movies
How often plays games: 0

Observations:
VRE1 Duration: 3min – walks around, up the hill, by sea
VRE2 Duration: 3min – walks around, looks around

Stress:
PRE: 2
VRE1: 2
VRE2: 2

Interview – Duration: 2min23
Did you experience any difference between the environments?
Just that there were more flowers in the other.
Did you walk over any flower in the second one?
No.
Then you could pick them up and you heard a sound.
Ahaa. [Laughs]. Yes, no I didn’t want to destroy them by walking on them.
Do you think it would have changed the experience in any way?
Aa, certainly.
Was there something you couldn’t do, but maybe would have liked to do? Did some
thought appear that this would be fun to do?
No.
How would you describe a relaxing game?
[Pause.] Yeah… This would certainly be relaxing, if I did it more. Some game which is
calm and maybe doesn’t require a lot but still a bit. And then a nice environment and
nice graphics and so.
Do you have any other comments?
[Pause.] Nah… I mostly get curious about whether you have done something more
than this or if you like… have done a game and if this is just a part of it?
Yes, hmm... this I did to this experiment, so I guess it’s not a complete game or so,
it’s more like a prototype.
Ahaa.
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P10_M27_ 2.1 (Interview translated)
Background information
Game experience: playing, development
Media for relaxation: Video games/computer games
How often plays games: 5

Observations:
VRE2 Duration: 6min – wanders around, picks flower, jumps, runs around
VRE1 Duration: 4min – looks around, walks, then runs, meets invisible walls
by the sea

Stress:
PRE: 3
VRE2: 3
VRE1: 4

Interview – Duration: 4min23
Did you notice any difference between the environments?
Well, there were no flowers to pick in the second one. I think that was a pity [laughs].
I missed them. Otherwise I don’t know if there were big differences. It looked very
similar. So, when I started it from the beginning I wondered if the lake was maybe
smaller, but it was probably mostly because I was searching for differences. Then I
don’t know, there maybe could have been paths in the other which I didn’t really
remember. [Pause.] But, similar environments otherwise. Don’t think there were
differences in hills and trees and such. The bridges were kind of in the same place.
Did you come to think about something you would have liked to do, but couldn’t?
Pick more flowers [laughs]. I don’t know, I thought it was cozy to walk and pick
flowers. It was nice. Like I wrote too, that when I couldn’t pick flowers I became
restless. Then I became stressed, because I felt like I didn’t have any purpose, really.
[Pause.] Hmm. Otherwise I don’t know… When I couldn’t pick flowers I wanted to go
into the water in the lake, but I wasn’t allowed [laughs].
How would you describe a relaxing game?
That there’s no time pressure on what I’m doing at least. Eh, maybe quite simple
tasks, like picking flowers. [Pause.] Yes, then I don’t think there can be stressful
music, it can’t be so intensive [laughter] that doesn’t help. Maybe just some ambient
sounds as there were. Chirps from birds and maybe some cozy music in the
background, and a warm, lovely environment like it was here too. To walk around in.
I maybe am thinking about… isn’t that game called Flower or something? I haven’t
played it myself, but I can imagine that it is very relaxing.
Do you have any other comments?
Nah… What I wrote there at the end was just that I was a bit surprised over how
stressed I became of not having anything to do. It kind of started itching in my whole
being, that I must do something.
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P11_M28_ 1.2 (Interview translated)
Background information
Game experience: playing, development
Media for relaxation: Video games/computer games
How often plays games: 5

Observations:
VRE1 Duration: 4min – walks around, runs around
VRE2 Duration: 3min – looks at entrance, runs, picks flowers, clicks with
mouse

Stress:
PRE: 4
VRE1: 3
VRE2: 3

Interview – Duration: 3min44
Did you notice any difference between the environments?
It was the same environment, but the only difference was the sounds when you
walked on the flowers.
Did you come to think about something you would have liked to do, but couldn’t?
Walk in the water.
How would you describe a relaxing game?
[Pause.] A game similar to your game, with lots of relaxing sound and images. And
[pause] doesn’t matter if it looks real or not, for example Trine, I think that the
environment in the game in some levels was very relaxing.
What kind of levels were they?
I don’t remember, it was a very long time ago, but there were sounds and the
environment was relaxing… before the enemies came.
Do you have any other comments?
Yes, I wrote in the survey, well, I didn’t know that you could run too. I pressed shift
and noticed that you could run. Well, I’m accustomed, when I play games that I press
shift to run. So, well, it can be good to write somewhere that you can run.
Yes, well, actually I haven’t written it out, because I wanted to see how people do, if
they find out by testing
Ahaa, okay. Another thing that you can do is to have a sun in the environment, which
you can look at, like a light source. I don’t know… Every time I’m in nature and I look
at the sun, it’s very relaxing. And the last game where I saw that they did it quite well
is Witcher 3.
Oh, do they have sun shafts or so?
Yes well there are many different, which look quite good, real.
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P12_F22_2.1 (Interview translated)
Background information
Game experience: playing, development
Media for relaxation: TV-series/Movies
How often plays games: 3

Observations:
VRE2 Duration: 4min – walks around, picks flower, looks at sea
VRE1 Duration: 5min – walks around, looks up at trees, walks by wall

Stress:
PRE: 2
VRE2: 1
VRE1: 2

Interview – Duration: 2min50
Did you notice any difference between the environments?
Nothing bigger that I thought about [pause]. Probably, I don’t know if the water was
different in the second version, like that it wasn’t really a circle in the first, but the
other had like a river or a flow which went out, or am I thinking completely wrong?
Yeah… the only difference was the flowers
Aa okay, it was the flowers. That was something I wrote here, but I was like “is there
some difference with the water too?” No, then there wasn’t [laughs].
Did you come to think about something you would have wanted to do but couldn’t?
I maybe would have wanted to see what the flowers led to, I thought that if they like
played a melody or something, because there were notes when you picked them up.
Then maybe I didn’t get all the flowers there were or…?
No, there wasn’t anything that happened afterwards, it was just that there was an
activity
Yes, but that was good because I think it gave much more to have this activity in the
first, than it did in the second.
How would you describe a relaxing game?
Hmm, yes… it is that there should not be any stress in the game, so no time limits,
but at the same time there should be something to do so that it isn’t too stressful to
do it either. And that’s quite an interesting balance. Because, If I would have a
relaxing game it is something I want to do a little bit every day, but at the same time
it shouldn’t be like stressing and that it forces me to come in every day if I have a day
where I have to be away. Because I’m thinking like, Animal Crossing and so, and a
bit these, like, simulator games, which are on facebook and can be really fun, but,
because I’m like this, it’s fun to like gather things, but if I, like, you often lose
bonuses and such if you don’t show up every day. And it becomes a bit tiresome after
a while. Because then it becomes instead, it doesn’t become relaxing, it becomes a
compulsion that I should get there.

XXVIII

Do you have any other comments?
No, I don’t think so.

P13_F22_1.2 (Interview translated)
Background information
Game experience: playing, development
Media for relaxation: Video games/computer games
How often plays games: 5

Observations:
VRE1 Duration: 3min – walks around, looks at pond, at sea
VRE2 Duration: 4min – walks around picking flowers, jumps

Stress:
PRE: 2
VRE1: 1
VRE2: 1

Interview – Duration: 2min38
Did you notice any difference between the environments?
Yes, first I didn’t maybe, but then I walked into one of the flowers, and then I heard a
difference. And then I also noticed that there were other colors on the particle
systems on the flowers, I noticed when I started thinking more about the flowers,
like. But the biggest difference I think was the interface-sound.
Did you come to think about something you would have liked to do in the
environments?
Jump into the sea [laughs] maybe. Otherwise I don’t think so, it was quite pleasant to
just walk around, actually.
How did you experience the difference between having a goal/flowers with sound
and not having it?
Hmm, the other version when I had sounds I became a bit more, well you maybe
focused a bit more, you knew a bit more where you should go, maybe. You were more
focused on what you should do instead of just walking around. So you were a bit
more goal-oriented, or what you should say.
How would you describe a relaxing game?
Oh, something that has a pleasant flow, where like gameplay and sound and music
and graphics and such fit well together or have a bit like the same tempo, which
doesn’t break off so much. Like Joruney and Flower for some references. Yes, an
obvious flow.
Do you have any other comments?
No, I don’t think so. It was very cozy.
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P14_F28_2.1 (Interview translated)
Background information
Game experience: playing experience
Media for relaxation: Video games/computer games
How often plays games: 4

Observations:
VRE2 Duration: 6min – directly goes to flower, tries to go into water, goes to
sea, to the pier
VRE1 Duration: 4min but opens again for an additional minute in order to find
a difference between the environments – walks around, jumps

Stress:
PRE: 2
VRE2: 2
VRE1: 2

Interview – Duration: 2min14
Did you notice any difference between the environments then?
Yes, mm, after the second try. The second time I saw that the water looked different,
the lake itself, I think. And the first had flowers I could pick, and the other didn’t
have any flowers. And I was really confused a really long time and thought “why are
there no flowers?” Because there were flowers and it sparkled a bit on them but I
couldn’t pick them, which was boring. That was what I saw [laughs.]
Yes, the flowers were the only difference
Jahaa, I thought the water was difference. Yes, yes, wrong mental image.
Did you come to think about something you would have wanted to do, but couldn’t?
Jump into the water. I tried from different places. From the bridge, and from the
beach, and from the pier. But I found out that I could jump! It wasn’t written on the
note. Climbing in trees would have been nice, jumping up a bit. I tried that too
[laughs] but it didn’t work.
How would you describe a relaxing game?
Like the one with the flowers more, that you can walk around, you have a task, but it
shouldn’t be on time, and you should be able to walk around like I did, that I walked
and looked a bit and then I went and picked flowers, then I walked and looked a bit,
then I went and picked. I didn’t walk straight between them, but instead I walked
around a bit. So you should have a task, you should not just wander aimlessly. And it
should be slow, and it should be [pause] slow, or like, nice sounds. Nothing loud,
shrill. Preferably natural sounds in the background.
Do you have any other comments?
I liked that it blew in the trees. It was pleasant, that was relaxing I think. I could
stand and then I looked at how it blew a bit. That was nice. But I wanted to jump into
the lake and so.
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P15_M27_1.2 (Interview translated)
Background information
Game experience: playing, development
Media for relaxation: TV-series/Movies
How often plays games: 4

Observations:
VRE1 Duration: 3min – starts running immediately, runs around
VRE2 Duration: 4min – runs around, picks flowers

Stress:
PRE: 0
VRE1: 0
VRE2: 0

Interview – Duration: 3min44
Did you notice any difference between the environments?
Yes, think it was that the first had more bushes and vegetation, grass and such. And
then there was the obvious difference that the other had flowers with colored particle
effects on top which you could run on and hear sounds. And then they played
different notes. Then I guess I didn’t notice any big difference. Possibly the sound
was a bit lower in the other but I don’t know.
Yes, the only difference was the flowers
Mm. Okay! Interesting. There wasn’t more vegetation either?
No…
[Laughs] I guess it was just that I focused on other things. Fun! [Laughs]
Did you come to think about something you wanted to do, but couldn’t?
Jump. That I would have wanted to do, not because there was any special reason for
it but I would have wanted to be able to jump. Felt like I missed it.
It was possible to jump, but I didn’t write it out
Aa okay, which button?
The space-bar
But I pressed space! I tested
Oh, interesting! Weird that it didn’t work.
Maybe I pressed too loosely. Oh well. But that I would have wanted to do.
I can understand that
But, and swimming, but that was probably mostly to be able to move around in the
environment further, so I guess those were the things.
How would you describe a relaxing game?
Eh, something where you don’t need to think that much… Or actually, when I think
about it it is quite relaxing to think in those tracks too. Something where you don’t
have time on you, is almost always relaxing, because directly when there’s a time
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counter, or if you’re in a hurry it isn’t as relaxing. It can be very fun still but. No but
when you can always do things in your own tempo. [Pause.] And I would like to add
that something that doesn’t have fighting in it, because even if it is, or, directly when
you start to fight or show or so, it isn’t relaxing in the same way. It can be fun and
disconnecting from reality, but I feel you can’t relax in the same way.
Do you have any other comments?
I was very curious when I ran around in the second world, if the notes created a song,
if you took them in the right order. So I would have wanted to have them closer to
each other so I could hear “ping ding ding dung dung” [sings the notes] for example.
Because that was a bit fun, I felt. But other than that, it was nothing.

P16_M31_2.1 (Interview translated)
Background information
Game experience: playing, development
Media for relaxation: TV-series/Movies
How often plays games: 4

Observations:
VRE2 Duration: 5min – runs around, picks flowers, tries clicking, tries to walk
out of park through entrance
VRE1 Duration: 3min – runs around, clicks with mouse

Stress:
PRE: 2
VRE2: 1
VRE1: 1

Interview – Duration: 2min
Did you notice any difference between the environments?
I noticed one difference, and that was that there was gameplay in one of the versions,
and it was in the form that you should collect butterflies, and it was missing in the
other, or well, version one missed it.
Did you come to think about something you would have wanted to do but couldn’t?
Jump into the water and swim around maybe. That was something that maybe, if you
want to think about immersion it’s something I think often breaks the immersion
that you can’t go – that there’s invisible barriers.
How would you describe a relaxing game?
A game that doesn’t demand much of me. A game where you unlimited time to do
something. Maybe a game that doesn’t put big obstacles in the way, that lets you
progress without having to do something very hard or very stressful or that you can’t
die for example, that usually helps.
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Do you have any other comments?
Not directly, it was quite cozy. I liked the ambient in it, it gave a bit of a kind of,
summer-feeling.

P17_M28_1.2 (Interview translated)
Background information
Game experience: playing, development
Media for relaxation: I do not use media content for relaxing purposes
How often plays games: 5

Observations:
VRE1 Duration: 4min – tests clicking, walks around, down to water
VRE2 Duration: 5min – runs around, picks flower, tests clicking

Stress:
PRE: 4
VRE1: 2
VRE2: 3

Interview – Duration: 3min05
Did you notice any difference between the environments?
Mm, you could pick flowers in environment 2, and they gave a small music note, and
same flowers gave the same note. So purple gave like the same tone, and white gave
the same tone and blue gave the same tone. I think that was the only difference I
noticed. Otherwise it was the same environment.
Yes, that’s true
[Laughs]
Did you come to think about something you would have liked to do but couldn’t?
Yes, jumping into the water. The first time I played I also wanted to run, but then I
realized that you could run. So maybe I pressed the wrong button there… No,
otherwise I didn’t think so much about it.
How would you describe a relaxing game?
Aa, there must probably be a calm tempo, and then it must be minimalistic like so.
That there isn’t so much to do in the game. Maybe, that you can’t run either. Because
I noticed, when I realized that you could run it became a bit more stressful. But when
I only could walk I was forced to take the time it took kind of. So that’s it maybe. It’s
hard to say. I don’t play relaxing games. So I actually don’t really know. But I can
imagine that it should take time. That is a common factor. I know that many play
Stardew Valley. Among them my friend, she says that it’s pleasant because it takes
time. You must wait. And that makes it a very long-drawn game.
Do you have any other comments?
Yes, a bit maybe. A relaxing game – I don’t know how much game it needs to be. I’m
wondering about if it actually could just be a place to hang in. And sure, then there
maybe should be something to do in the game, but it’s nice if it’s not forced. If it’s
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optional, or so, in some way. Don’t know if you can really find… It should still be
some type of activity, because that is relaxing I think. Like painting. Then you’re
doing something, the whole time, but you are also, it doesn’t matter what it turns out
to be in the end.
Yes, and it’s quite free too and so
Mm, precisely. Nah, otherwise I don’t think I have anything to add.

P18_M28_ 2.1 (Interview translated)
Background information
Game experience: playing, development
Media for relaxation: Video games/computer games
How often plays games: 6

Observations:
VRE2 Duration: 7min – runs around, picks flowers
VRE1 Duration: 4min – runs around

Stress:
PRE: 5
VRE2: 4
VRE1: 4

Interview – Duration: 2min23
Did you notice any difference between the environments?
Yes, there were no flowers in one of them.
Did you come to think about something you would have liked to do but couldn’t?
I would have liked to know more about the place, or the environment in some way,
so. Even though I in one way think that it’s good that it wasn’t told I would have liked
to have more visual clues, or some kind of story that you could experience.
How would you describe a relaxing game?
[Pause.] I think that a relaxing game is very difficult to do generally, it has a lot to do
with personal preferences. What is relaxing for one is not relaxing for the other. So…
[pause] in that way it’s very difficult. But for me it could have absolutely been this
type of a game. But I think that generally it’s that the one playing gets to do
something that they’re so used to that they can do it automatically. That you then can
do it to relax, kind of. Or something that you like to do to relax.
Do you have any other comments?
I think that it was lovely to go around there, quite calm and peaceful and so. I have a
lot of experience of just being out in the forest and so, so I thought it was really, even
though it wasn’t a forest but like a park, I thought it was quite lovely.
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P19_F22_1.2 (Interview translated)
Background information
Game experience: playing, development
Media for relaxation: TV-series/Movies
How often plays games: 4

Observations:
VRE1 Duration: 3min – walks around, looks at water
VRE2 Duration: 4min – looks around, runs around, picks flower, tries to go
into water by bridge

Stress:
PRE: 2
VRE1: 1
VRE2: 1

Interview – Duration: 1min38
Did you notice any difference between the environments?
Yes it was that you could collect the flowers, I don’t know if you picked them up or
not but you interacted with them. It felt larger, I don’t know if the world was larger or
not, but it felt like it was larger when you drove [picked flowers]
Did you come to think about something you would have wanted to do but couldn’t?
To get outside of the wall [laughs], jump down into the water. Those were the two
biggest things. [Pause.] Was something supposed to happen when you had collected
all the flowers?
No
Aa okay [laughs]. I was just ”have I missed some?”
How would you describe a relaxing game?
Oh, that’s very difficult. It depends on that you want to relax from, I feel. But if we
talk about like zen-like games or similar, it is often very based on graphics and music.
That it should be calm, and it should be quite easy and relatively minimalistic, but I
wrote a bit about it in the survey too, that I feel like it is at least for me very relaxing
when you have something to do, because then it’s much easier to focus the thoughts
like, but not too complicated stuff, and not too heavy mechanically. That’s the most
important, like, more gameplay-directed, and experience-directed
Do you have any other comments?
No, [laughs]. Well done, nice music, nice graphics. Good!
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P20_F27_ 2.1 (Interview translated)
Background information
Game experience: playing
Media for relaxation: Video games/computer games
How often plays games: 4

Observations:
VRE2 Duration: 4min – walks around, by sea
VRE1 Duration: starts, but closes again to answer a question she missed.
After restart: 3min – walks around

Stress:
PRE: 1
VRE2: 1
VRE1: 1

Interview – Duration: 3min52
Did you notice any difference between the environments?
Mm, like in the first I tested it felt like there was more sound and more flickers. More
“lullull”, details around the things. In the second it felt like it was more stripped
down, I don’t know if I thought about it in the first, but in the second it looked like
the trees were larger in some places, thicker.
The only difference was actually the flickering things
Mhmm, it was so. Just that you think about different things, and then if you have
seen something already you don’t think about it, if you see something new.
I wonder, did you walk to the flickering flowers?
Mm.
Did you walk over them?
I don’t think I walked over them.
So you didn’t hear a sound? If you walk over them you hear a sound and it’s like they
are picked up
No, I stood and watched them. It looked like there were butterflies and other flowers
in the air.
Did you come to think about something you would have liked to do but couldn’t?
[Pause.] I’m thinking that… It depends on what you’re after, so if you want to move
around you maybe want to be able to run too, but if you just want to relax somewhere
you maybe want to be able to sit somewhere or. Yes… If you’re sitting, then you
maybe want to have something more to look at, like birds or something. But if you’re
by the sea you maybe want to be able to look at something there, like boats going by
or something.
How would you describe a relaxing game?
[Pause.] I think it’s more relaxing when you have a task, even though it maybe isn’t
so big, but that there’s a task. [Pause.]
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Something else?
Yes, there mustn’t be too much to do, it shouldn’t be too hard to get to, or hard to
perform it, but it should still be something that keeps focus for a while. For me at
least.
Do you have any other comments?
[Pause.] No. I thought it was nice, I thought the water was nice. It’s fun to see that
the trees move, that it blows so.
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