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Abstract

Most of today's Virtual Reality (VR) research and technology pursues realism in order

to enhance the user experience. This quest to faithfully replicate our physical world

has led to complex simulation engines, and drifted away from the alrigtentions

of VR to experience other realities. I n
of VR and explore an alternative reality VR technology relying on experience
inducing principles. The starting point of this research was to facilitatdescription

of high-level behaviours for virtual worlds that would form part of interactive VR Art
installations, simulating alternative realities. One of the major difficulties in
developing such installations is to properly translate the artistictiotsninto actual

elements of interactivity, which in turn determine the user experience.

The attribution of causes to events, namely Causality, is an essential concept through
which we construct our reality. Hence, our overall approach is to modify trsalca
principles underlying our understanding of reality, by creating-neafistic, yet
believabl e, causal relations from object
relies on the concept of Event Causality, which stipulates that humans have a
compellng tendency to attribute causality to physical eventoamrrences. We

therefore posit that event -@xzcurrences departing from our everyday reality, but
eliciting Causal Perception, will induce alternative realiti@e term our approach:
Alternative Gausality, where the fundamental idea is to modify the course of actions

to create alternative reality impressions in the user.

To investigate this hypothesis, we developed a VR system in which the normal laws
of causality can be altered by substitutingadéf effects of actions with new chain of
events. Built on the top of a 3D game engine, our system relies on Atrtificial
Intelligence (Al) techniques to generate alternative consequences of different levels of
plausibility. The underlying idea is to use smtic representations for normal
physical event c@ccurrences, which are then modified by heuristic search using
cognitive principles. Different user experimentations and artistic installations have
demonstrated the viability and versatility of our apploato design virtual
environments (VE) that suggest alternative realities.

This research introduces a new approach to interactivity in VR, oriented towards the
elicitation of specific user impressions, based on Al techniqgues and cognitive
principles. At afundamental level, it indicated a positive correlation between Causal
Perception and Presence in VR. At a more practical level, this work illustrated how
Al-based VE opens novel perspectives to bridge the gap between d&Rign
designer's intentions andarsexperience elicitations
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CHAPTER 1: INTRODUCT ION

This research was iginally driven by the creation of virtual reality (VR) experiences
differing from our everyday experience, an approach we have termed alternative
reality (Cavazza et al., 2003a). As much VR scientific research and technology
concentrates on constructingatistic environments by developing accurate graphical,
physical, and audio simulations, we will instead investigate the construction of
alternative realities through cognitive aspects. This research has both fundamental and
practical aspects, as it wilkplore the notion and role of realism in VR through the

development of a novel kind of technology supporting artistic intentions.

In this chapter, we will first revisit the original intentions of VR, i.e. to experience
alternative worlds, and we discusise notion of "believable" reality instead of
"realistic” reality. In a second part, we introduce an approach to create believable
alternative worlds through the elicitation of causal impression between unusual
events. The PhD thesis is constructed arotnd i s h'y p oAltdrmaitere s o f
Causaltyy and its evalwuation though wuser exp:
The last part of this chapter will expose in further details the thesis structure and
methodology.
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Virtual Reality and Alternative Real

The APsychedelico Origins of Virtual Real i

Virtual Reality (VR) is concerned with the simulation of both immersive and
interactive reatime 3D environments (Gutierrez et al., 2006; Sherman & Craig,
2003). In a certain sense, VR is mostly driven dffvgare technology combined with
humanmachine interfaces both used to present multimodal information, and therefore
"sense" the virtual world (Stanney & Zyda, 2002; Coates, 1992). However, beyond
technical limitations, the immersive and interactive aspetta VR application are
above all relying on its user's imagination. Burdea and Coiffet (2003) qualified VR as
an integrated trio of Interactielmmersiorlmagination, where Imagination
corresponds to the mind's capacity to perceive -&astent” thingsand so to "feel”
inside an artificial world. Actually, the use of VR systems typically "transports" a user
into an artificial world, by momentarily excluding him from his real physical
surrounding and by making him perceive himself as active part ofittual world
(Heim, 2003). This sense oBeing There is emblematic from VR and an essential
characteristic of the scalled VR experience (Heeter, 1992; Riva et al., 2003). This
notion is referred as "Presence" and it has been considered as a copaaiypof VR

since its conception (Sadowski & Stanney, 2002). In VR literature, the nature and
factors of Presence have been widely debated. Yet researchers agreed to define it as
moments during which a user fails to acknowledge the technology mediating th

virtual word, and begins to consider the artificial environment as a real physical one.

The immersive aspect of VR has made it an ideal platform for a large range of
fundamental and practical applications in domains such as Education & Training,
Engineeing, Entertaining, Art, Remote Collaboration, Cypsichology, Cognitive
Science, Architecture and Industrial Design (for a detailed overview see Stone,
2002; Riva et al., 1998; Stanney, 2002). Consequently, VR development, whether
scientific, industial, or commercial, essentially followed the pursuit of realism.
Conversely, at its origins VR experience
emanating from an "imperfect" virtual world that reproduced different realities whose
behaviours, appeara@s, and navigation mode depart from our everjiayAt this

time, VR was perceived as medium Reality Evasiona novel and powerful form of
escape from our physical reality. Timothy Leary (Leary, 1993), a figure of the
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counterculture movement, conaped Virtual Reality to a psychedelic experience,
namely the distortion of reality experienced under psychoactive substances such as
LSD! (Noel, 2001). As a VR pioneer, Jaron Lanier was a strong opponent of the use
of such metaphor (Lanier, 2000). Whatewes real motivations, he put forward a
certain number of arguments to refute the psychedelic metaphor that can be

summarised as follows:

1 Virtual Reality affects the external world rather than the internal world of the
subject

1 The objectivity of the virtal world can be opposed to the subjectivity of the
psychedelic experiment. The virtual world is an objective perception for all its

visitors, while psychedelic experiences are in essence individual

Clearly, Lanier was arguing in favour of a strong sepamabietween the subject and
the fArealityo he is evolving into,- which
reality substitutes for another dnéret, regardless of this controversy, the essential
element, which also constitutes a solution to theuairtreality oxymoron, is that
virtual environments do not have to be modelled on reality. Probably this is the true
meaning of the psychedelic metaphor: that the emphasis is on distortions or reality, or
even experiences that radically depart from ouryslar reality. On the other hand, a
significant part of the popular success of the concept of virtual reality, at a time where
the actual performance of most VR systems was too modest to support a believable
alternative to reality, can probably, in retrospebe attributed to the psychedelic
metaphor. Even though this controversy is now outdated, the psychedelic metaphor
should still get credit for having first suggested thdirtuality needed not model
reality." For instance, there are a number of psyafichl considerations associated
with the design and use of VE systems especially to enhance interaction (Stanney &
Zyda, 2002). In that sense, there is a tradition in VR Art to construct alternative

! For whom VR was populated llelighted acid heads

2 However, if one reintroduces an element of constructivist philosophy and considers the reality built

as a product of e xp eancedscansderablyvenkered.6 s obj ect i vi st

CHAPTER 1INTRODUCTION Pagel3



worl ds, e . @smos& enviromrent oEplséheée ™ (Davies, 1995, 1998,

1999, 2003) Figure 1) , Loui s Becbs artificial crea
Benayoundés QuarxsE (1994), invisible cre
(Figure3). Virtual Reality Art is at the forefront of Digital Arts, as it explores at the

same time visual aesthetics, the construction of alternative universes and user
interactive experiences. To that extent, the notion of alternative retlitpwes an

intellectual debt to the Avision(s)o of T

Towards Alternative Reality

This research has been originally motivated by the conception of alternative realities
in VR in the context of artistic developments through theTBRNE® European
project. The starting point of this research was to facilitate the description ef high
level behaviours for virtual worlds that would form part of interactive VR Art
installations simulating alternative realities. One of the major difficulties in
developng such installations is to properly translate the artistic intentions into actual

elements of interactivity, which in turn determine the user experience

Consequently, the main objective of this research is to facilitate the creation of Virtual
Worlds, wlose behaviour departs from our common sense experience, enabling new
kinds of wvirtual explorations through th
overall cont ext o fArt+Scierc® raprrRo abdh i (S oamme
Mignonneau, 1998) as VR Agdrovides an ideal context to revive these early ideas

and explore them in the context of stafehe-art technologies. One of the challenges

is to improve the conceptual continuity between the creative stages and their technical
implementation. Consequéytour Alternative Reality technology should support the
creation of alternative realities from first principles, rather than by the ad hoc scripting

of predefined effects. At the heart of our research lies the fundamental question of
what is Alternative Reality and subsequently, on what principles shall we

simulate it.

® ALTERNE project (ISF3857520022005) http://www.alterne.info
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Figurel: Forest Stream and Seed, from Ephémeére, Char Davies, L8@8mage:
Char DaviesForest StreamEphémeére (1998). Digital still captured in ra¢ahe
through HMD during live performance of immersive virtual reality environment

EphémeéreRight Image:Char Davies.SeedsEphémere (1998). Digital still
captured in reatime through HMD during live performance of immersive virtual

reality environment Epémére

Figures reproduced with permission

Figure2: The Spatio Striata quarxs (top picture) and The Spiro Thermophage
(bottom picture)Y© Maurice Benayoun and-A Productions1991-1993

Figuresreproduced with permission
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Elemens of Alternative Reality

A Distortion of Reality

From the "Psychedelic" metaphors, Alternative Reality could be defined as the
experience of a distorted although believable reality, emerging from virtual
environments whose behaviours deviate from ounlusyperience of the real world.
Therefore, the main intention of an Alternative Reality technology would be to create
various kinds of experiences whose objectives might not be a deception, but
suspension of disbelief. The preservation of the virtual dvarherconsistency is
essential and represents one challenge to the establishment of alternative behaviour

simulation.

The distortion of reality is raising fundamental questions on its human conception, in
particular at the philosophical and cognitive devThe ideological and cognitive
determinants underlying our construction of reality are numerous and interrelated.
However, Causality has been considered as one of the main phenomena through
which we perceive our everyday reality. Causality, or the keadge and recognition

of causal relations, is particularly important in our understanding of the laws
underlying our world. For instance, understanding causal relations between moving
objects is essential for making sense of and interacting with the dymdnysacal

world.

The recognition of CausandEffect structure from our environment is an essential
aspect of our common sense understanding of the physical world and how we
experience it. This could also be applied in virtual environments, where aniassen
part of interactivity in 3D graphics is concerned with the way users perceive the
consequences of their actions, and make sense of object behaviours in the
environment (O'Sullivan, 2005; O'Sullivan et al., 2003; Reitsma & O'Sullivan, 2008)
(Ware et &, 1999). In a certain sense, Causality is filling the gap between interaction

and interpretation.

Alternative Causality

This makes Causality an interesting focus of experimentation when designing virtual
worlds whose behaviours should depart from owaligxperience. Since, we could

consider that Causality plays a major ro
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world as it does in real world. In matter of what we could hypothesis that atypical
causal relation would then suggest alternative kealit sum, distortion of reality
would result from the distortion of Causality. Thus, the elements of Alternative
Reality could be identified as beingMbdifications of the causal principles
underpinning our understanding of the worldli a virtual envionment, this

modification could reside in the manipulation of eventocourrence, respectively

perceived as cause and effect, in order to produce unexpected consequences.

Therefore, the core of this research investigates techniques to program Alternative
Causality in VR that would elicit causal impression from event consequences

departing from their redife counterpart.

Research in causality and its relation to realism in VR is of interest from both a basic
research and applied perspectives. The questaidressed will be of relevance to
cognitive psychologists, perception researchers, developmental psychologists,
philosophers, computer scientists, and designers of interactive systems. On the more
practical side, the results will have important implicas for all VR developers, from
immersive environments through to game programming. For these and other domains,
it is essential to know the boundary conditions of causality perception, and what role
realism and prior experience play in it. All interactigsgstems in which Causal
Perception plays a role, from distributed simulation systems to computer games
(including Aserious gameso and related
design from the output of this research. A unified, synthesizedefwork of causality

will increase our overall understanding of the concept of cause, and may influence

work in philosophy, consciousness studies, and perhaps even the social sciences.

Positioning Alternative Causality as a central approach to an alternedality

technology is raising certain number of fundamental and practical questions.

On what basis do humans attribute a causal role to an @vent
Therefore, on what principles should we deform causality in a virtual
environment?

1 How can we measure theffective perception of causal relation from
Alternative Causality?

1 What kind of alternative reality could emerge from causality manipulation?
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All these questions will be answered in this thesis, in which we will describe the
technical approach and experim® behind the creation of Alternative Causality in
VE, and its implications at a fundamental level and applied perspectives. The
structure of this thesis is presented in the following section.

Thesis Structure

Chapter 1: This introduction succinctly outles the thesis motivation, objectives,
approach, and structure. The first part contains a brief introduction to virtual reality
(VR) and its associated alternative reality aspects. The second part describes how
alternative causal simulation could suppeart alternative reality induction and

conception.

Chapter 2: In this background chapter, we discuss epistemological aspects of the
concept of causality that are relevant to the perception of reality. We begin by
introducing a brief history of Causality iphilosophy as well as a survey of the
causation theory in cognitive science, from which, we isolate a particular cognitive
phenomenon, Causal Perception, which could support our Alternative Causality
approach. From there, we conclude on the key comporantan Alternative

Causalityinducing VR system.

Chapter 3: In this chapter, we descrilibe system developed to create alternative
reality by eliciting causal links between abnormal events. We will introduce Artificial
Intelligence (Al) techniques, anthe visualisation engine, which will support the
features of Alternative Causality. In particular, we will focus on Al techniques
supporting the representation and manipulation of common sense causal knowledge.
We give detailed specifications of the sdte architecture implementing these
techniques within a game engine before finally concluding on the system

performances.
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Chapter 4: In this section, we expose psychological experimentations validating the
capacity of our system to produce "plausibletefhative Causality and so to induce
novel experience. We evaluate tbausal impressionsxperienced by users when

facing artificial causal situations generated by the system.

Chapter 5: Thi s chapter Il lustrates ounte syste
alternative virtual worlds in immersive VR Cave installation. Two VR Art
installations represented the first practical applications of this research and
technology. Here, we will describe two artistic briefs based on Alternative Causality
technology, ad relay the artists' impressions of it. They illustrate how controlling
causality can underpin sophisticated behaviour generation and convey artistic

intentions.

Chapter 6: This chapter describes further experimentations exploring potential
correlationbetween a cognitive phenomenon, Causal Perception, and thienaeih
psychological state of Presence in virtual environment. The realism and control
factors have been considered essential in many Presence theories. Therefore, we used
our system to compar causalperceptionand Presence in environments where
realistic physical behaviours have been replaced by alternative behaviours eliciting

Causal Perception.

Chapter 7: The last part summariséisesis's findingspublications, and contributions

to VR, Al, and Cognitive Sciences fields, while discussing future perspectives. The
challenge of making causality one programmable parameter of the Virtual
environment, represents an opportunity to explore interactivity and user experience in
VR. Hence, we will exaine the relevance and perspective of future Causal
Perceptionstudies and applications, as well as illustrating the potential dfadéd
interactivity for storytelling applications.
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CHAPTER 2: VR, ALTER NATIVE REALITY AND C AUSALITY

Introduction

In this chapter, we will first evidence the significant role of causality in Virtual
Reality, notably by reviewing its implicit and explicit reference within Presence
theories. On the other hand, the concept of causality embraces numerous notions, and
the percepon of cause has a long history of research in Cognitive Science.
Consequently, in the second part, we will introduce a brief history of the concept of
Causality in Philosophy, insisting on epistemological aspects that have an impact on

the perception ofaality.

Following the contemporary philosophical concept of causality, the third part
considers the modern theory perception of Causality from a cognitive point of view,
and focuses on a particular cognitive phenomenon appearing essential to our causality

attribution mechanisms.

Finally, after reviewing related work in interactive systems, we will then conclude this
chapter by formalising my central hypothesis supporting the notion of Alternative

Causality, and its possible integration in a VR system.
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Causality and Virtual Reality

An essential part of interactivity in 3D graphics is about users perceiving the
consequences of their actions, as well as making sense of object behaviours in the
environment . At the centr e responsa tohisher ' s e
own interaction with virtual world objects (Straaten, 2000), which is mediated not
only by the individual objectsd behavi ol
environment as a whole. From the user's perspective, such a respdasgelis
interpreted by attributing causal relations between user actions and system responses.
To a large extent, interactivity in virtual environments is deeply rooted in the
recognition of causal actioifhere is ample illustration of this at theoretitmvel, in

particular in the literature on Presence in Virtual Environments (see Zahorik &
Jenison, 1998).

One simple illustration of this is the extent to which items of Presence questionnaires
(such as the Witmer and Singer (1998) questionnaire) @kpliefer to action
consequences with several items typically involving Causal Perception. For instance,
ltem #2 of their orHogiespansive gas the @nvironmenatd r e r
actions that you initiated?» ( See t abl e beledw the&ontrof urt he
Factors proposed by Witmer and Singer (1994) many questions are implicitly
referring to Causal Perception such as the immediacy of control understood as the
immediacy of environment response to tis@iated action. Furthermore, theise of

Mc Gr eevyds argument ( ddndirtuities, econyectedrie8s 9 @ngl abo

coherence of the stimulusflow i s al so evocative of Causal

Although rarely referred to explicitly, there is significant evidence of the use of
causality in Preence research, most specifically when considering those aspects of
Presence dealing with action, agency, environment control, and the realism of the
environment s responses. From a fundament
surprising, as caussf is one of the few psychological phenomena bridging the gap

between perception and hidgvel cognitive concepts (Scholl ®&emoulet, 2000).

One of the early works which introduced concepts related to Causal Perception was
that of Loomis (1992) on didtattribution, although causality was not considered
explicitly. Mantovani and Riva (1999) following Schloerb (1995) introduced the

concept ofcausal interactioras an essential aspect of Presence. Finally, Zahorik and
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Jenison (1998) in their idepth disassion of the phenomenological conditions of
Presence, advocated that a Al awf ul respo

should be a major determinant of Presence.

In conclusion, across existing Presence conceptions and measurements, Causality is
implicitly part of many of the factors thought to underlie Presence. Most of the time,

it is expressed through Control or Realism Factors, where Control represents the
user6s identification of his/her interact
the satisfaction of the user expectation, which in turn is correlated to replication of

real world physics.

On the other hand, Causality is a multifaceted concept largely discussed by
philosophers, scientists, and engineers. The attribution of an evethie adirect
consequence of an action characterises the notion of Causality, and its importance in
our everyday life. However, ranging from Aristotle to more recent cognitive
scientists, Causality and its nature are still actively debated. The next sedtion
briefly review different conceptions of causality in Philosophy and Cognitive Science

focusing on relevant concepts for our research.

1. How responsive was the environment to actions thainjbated (or
performed)?

2. How much did your experiences in the virtual environment seem
consistent with your reatorld experiences?

3. Were you able to anticipate what would happen next in response to
actions that you performed?

4. How much delay did yo experience between your actions and expeq
outcomes?

5. How natural did your interactions with the environment seem?

6. How much were you able to control events?
Examples of Witmer & Singer Question referring to Causality

(Complete questionnaire dlable onhttp://presenceesearch.org/Questionnaire.hjml
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A Brief History of Causality:

Causality is a central concept in our understandinpefwvorld. As such, it traverses
physical sciences and philosophy. Causality is part of the apprehension of our
everyday world as it is central to both its everyday understanding and its scientific
analysis. There exists an abundant literature on caugaldggnitive psychology, in
Artificial Intelligence (Pearl, 1999, 2000), and is still an active topic in contemporary
Philosophy (Galavotti, 2001; Price 2001). This contributes to making causality a
complex concept, due to the intertwining of differentiors all discussing the

causality principles.

In a brief historical introduction, we will present the dominant conceptions of
causality, focusing on those that are relevant to our research program. We discuss in
particular epistemological aspects of tleneept of causality that have an impact on

the perception of reality. This should lead us to a characterisation of those
philosophical aspects that can assist us in forming a conception of causality

supporting Alternative Causality principles.

Causality & Reason

Aristotle (384322 BC) identified four types of causes, which could explain any kind
of change:

(1) Thematerial causeThe substances of an entity define its behaviour
(2) Theformal causeThe idea preceding an action is the cause

(3) Theefficient causeThe physical event that makes changes to occur
(4) Thefinal cause Thefinal goal towards which the change aims

Apart from the "efficient” cause, Aristotle mainly approaches causality as a reason for
existence and evolution. His clé@gsation primarily focuses on "why" events happen,
proposing four main categories of reason that emphasise the notion of intentionality to

any world or entity transformation. Many centuries later, Galileo (1564 /1642), while
introducing algebra as the ndanguage of physics, was the first to withdraw from
causal explanations i n f avoudescdptionérshpi r i c a
explanation secomd (i n ¢ o mmohowot errmes,é dtldlye tcihea nged t
character of science from speculatto empirical (Pearl, 2000).

CHAPTER 2: VR, ALTERNATIVE REALITY AND CAUSALITY Page23



Causality as a Universal Principle

Through the middle ages, there has been a move in the conception of causality, which

led to retain theefficient causeas the only support for intelligibility, whether in

Physics or Metaphyss, and to eventually abandon the remaining Aristotelian causes
related to essence and existence-16500hi s tr
conception of Causality, which became an axiom of Thought rather than a source of

change. Causality as ational principle can be enounced as two fundamental points:

1 Every phenomenon has a cause.
1 And to identical conditions, a cause produces an identical effect.

Apart from extending the notion of causes to abstract entities such as ideas, Descartes
attemptedto unify the notion of cause with that of reascausa sive ratid" The

reason of the Cause(Tarraud, 2002).

Causality as Sufficient Explanation

"After Descartes, though, it is the notion of causality that will be subject to
rationality, rather than e converseNihil est sine ratione ("nothing is without
reason")becomes the substitute fioihil est sine causd"Nothing happens without a
cause")(Carraud, 2002)

This is essentially the contribution of Leibniz (16#616), whosesufficient reason
pi nci ple replaces Descartesdé causality pr

principle:
* For every event e, if e occurs, then there is a sufficient explanation why e occurs.

To a certain extent, this principle implies that any entity behavious fiisdorigin in

an observable external cause or internal mechanisms. This influence will later
resurface inl772the Diderot'sEncyclopedie (page 15:635)Ufie cause nodest
gubdbautant quobel | e"rassantsuffsent@ i t ( AuafA i @acu Pae:

is valid, if it satisfil)es the principle o
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Causality as Anticipation

The attribution of causality depends on multiple aspects, among which agency plays a
central role. However, the spontaneous involvement, as opposec tandtytic
observation, is also a relevant aspect. Humans have a compelling tendency to attribute
causality to correlated events. Thmonenesswas criticised by the scholastic
expression Post Hoc, Ergo Propter Hoc" (“after this, therefore because &"thi

which stigmatised the frequent confusion between succession and causality.

Following this trend, David Hume (174117 7 6 ) in his fAtreatise
radicalised even further Galileods attitu
the uman mind and reality was limited to correlations. In this view, causal relations

are inferred from our prieexperiences and knowledge. Causality would rely on-high

level cognitive mechanisms capable of recognising regularity between past events and
current ones. Therefore, the projection of our memories would allow us to anticipate

an event's outcomes, and if the expected effects match the observed effects, then a
causal relation is established between evdnes the "changes" observed are
interpreted & the direct results of the preceding event and only this eV&nthe

core of this theory, causal relations are mostly characterised by their "observed"
regularities, which are said to reveal necessary event connexions. Causal connexions

are then perceed as inevitable sequences of an event, which in turn are interpreted as
manifestations of the underlying universal laws of nature. In the light of the above
discussion, it can be said that for Hume, causality is the product of the imagination
rather tharthe reason.

In response to Hume, Kant (172804) proposed an approach to the attribution of

cause compromising the empiricist and rationalist views. He conceptualised Causality

as a ynthetic a priori principle,'speculating, in a certain sense, that mind has a

native understanding of what is a causal relation. In his theory, causal impressions
woul d emanate from our brainbdés tendency t
phenomena (event amccurrences), and retrieve some sort of causal eadtdrn or

schema from them.

However, the extreme empiricism of Hume was an almost fatal blow to the status of
causality that needed some two centuries to recover. The defiance towards causality is

not restricted to empiricism, however. Bertrand Russei7211970) had little
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sympathy for the concept of causalaty in
relic of a bygone age, surviving, like the monarchy, only because it is erroneously
supposedtodonohatom (ci ted by Pear.| vehe th@y)hgagve No wa
disliked, logicians research formalisms that could account for causal explanations
(Pearl, 2000).

Causality as Action and Perception

However, even after Russell ds anat hema, C
Philosophy. Analyticphilosophers such as Davidson Ramsey, became interested in
distinguishing between causes and reasons, and reintroduced the human subject in the
study of causality (Petit, 1991). This takes place, not surprisingly, through the

reintroduction of intention imctions.

Another aspect, which is central to causality, is the implication of the agent in the

world in which these events occur. Implication, which takes place at the origin of
events as well as at the level of their interpretation. That causality dslosul
considered from the agentodos perspective |
we acquire the notion of causation through our experience as agents (Price, 1992).

This view also supports the natural asymmetry of causation.

ACauses arnmeang on tlesnview, aahd effects their potential ends.
Causal asymmetry originates in our experience of doing one thing to achieve
another; in the fact that in the circumstances in which this is possible, we
cannot reverse the order of things, bringingpabthe second state of affairs in

order to achieve the first (Price, 1992

Property and Event Causality

In 2001, Galavotti proposes to distinguishPr operty fCGaours afi EY gt
Causality.o Property Causal iished beaetwedne r s t
properties, such as (sde®eand, RAOG gr Cloeagy 19@7sford i s e ¢
authoritative reports on property causalityyhile "Event Causality,"also named

Token Causality, refers to causality between single events. Event causality
corresponds to common sense causal pné¢ation in the physical world. is best

exemplified by work on Causal Perception, from the historical experiments of
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Michotte (1963) to the phenomena studied in developmental psychology (Chaput &
Cohen, 2001).

AProperty causality has predictive power, but differs from predictability, since
one can usually make predictions based on mere statistical correlations. On the
contrary, single events are often unpredictable, and can only be explained after
t hey o alawtt,2001) ( G

Conclusion: from event reason, to anticipation, to perception

Through centuries, Causality has been synonym of universal reasons or natural law
principles thus animating numerous philosophical and scientific debates on the
determinism or at of our world. Yet, the soalled universal law of Causality,
associating every event to a cause, as progressively evolved in recent century to be

t hought as a fAform of a | aw. o

A6. 32 The | aw of causality is not a | a

6.321 'Law b causality*-that is a general name. And just as in mechanics, for
example, there are 'minimuprinciples’, such as the law of least action, so
too in physics there are causal laws, laws of the causal form."

(Wittgenstein, 1921, TLP 6.32 and 6.321, p 27)

Wittgenstein (18894.951) introduced Causality not as metaphysical concept but rather

than a form of description supporting induction, which represents an essential aspect

of human construction and understanding of our physical world. Nowadays, despite

this troubled history, the concept of causality remains actively discussed in
contemporary philosophy, by authors such as Suppes, Price, and Salmon. Sharing
View wi t h Wittgensteinos Acausal descr
contributions have emphasikthe role of agency in causal attributions among events,

di scussing causality as relative to one:
becomes then a reflection of the capacity of human intellect to predict or explain
event consequences. Such suidbyec conception is not well suited to form a
fundamental physical concept, although it plays an essential role in our understanding

of and ability to manipulate the physical world. Although agency has been associated

with both Property Causality and Evebausality (Price & Menzies, 1993), it is of

particular importance in our context, as we wish elicit causal impression in interactive

environment, where events are mostly initiated by the user.
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Until recently, theHumianempiricist approach was the prominiéhesis of Causality
nature. For ages, the establishment of causal relation has been thought as causal
anticipation emerging from our imagination and experiences. However, modern
psychological studies revealed others sources of causal representatiah, whi
resuscitated the Causality nature debate. According to the father of Perceptual
Causality, Albert Michotte (1963), we perceive causality rather than inferring it from
prior-knowledge. From his study of collision events, Michotte highlighted mechanical
phenomenon eliciting irresistible and instantaneous causal impression, which are, is a
stark contrast with the traditional and popular empiricist view of Causality relying on
causal induction. In this rationalist theory, Michotte subsumes that our vistahsy
automatically retrieves causal structure from object interaction and motion. In a
similar way, that our visual system recovers physical structure of our world (i.e.
recognising object colour, shape, motion, distance, or voices, faces without thinking
of it.

Since Michotte's studies in 1963, Causal Perception has been widely studied in
cognitive science. The following section will describe in further detail this cognitive
phenomenon and especially the psychological studies, which have brought out its
determinants. We will also reflect the impact of this theory on contemporary
perception and cognition research, as well as related its recent consideration in
interactive system design. The final part of this chapter will discuss the relevance of
Causal Pareption (determinants) regarding our aim of generating of Alternative
Causality and so subsequently "distort" reality in plausible and principled ways. In
other words, in this section we will answer the questiGould we exploit this causal
impression geerated by the human brain to produce alternative causal relation in
VR?
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Causal Perception

There exists a long history of research on the human perception of physical event.
They refer to the ability of the human visual system to distinct events arattextr
high-level property from them (such as perceiving object physical properties from its
motion trajectory after a collision). Humans seem to spontaneously interpret many
cues when witnessing physical eventaozurrence such as an object collision (e.g.
the cue pool ball hitting another one) and its immediate effects (e.g. projection of the
stroke ball and the rebounds of the cue ball). Cognitive studies revealed high
involvement of the human visual system in tha) Attribution of physical
properties: automatically extracting inanimate objects physical properties from event
observation (Nussek, 20Ptb) Attribution of animacy. perceiving animate or self
moving objects from inert ones. (Scholl &emoulet, 2000; Gaur & Scassellati,
2006) (c) Attribution of causal influencesof one object on another: perceiving
causal relations between events (Michotte, 1963; Scholl & Nakayama 2002; Scholl &
Tremoulet, 2000; Kadaba, 2007; Chaput, 2001

In the context of this thesiwe are only interested in the latteregpicausal influence
attribution, and more specifically in its perceptual nature (i.e. not deriving &om
priori knowledge). This section reviews recent research on Causal Perception, which

began with the classic work of Michotte.
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Perceptual Causality

Many cognitive studies showed that in certain mechanical events, as when we see one
object colliding with another, we could perceive not only motion, but also kigher
level properties such as causal relation (Choi & Scholl, 2006b). Consider, the simple
animation pictured by theFigure 3 below , an object A (in red) moves toward a
stationary object B(in green) until they collide, at which point A stops and B starts
moving along the same path. What is particularlyaeable is that such ‘launches’
animation are perceived in terms beyond kinematics as we irresistibly saeising

B's motion, rather than B autonomously moving" (Scholl, 2007). The importance of
such phenomena stems partially from the fact that althdugbems to be largely
perceptual in nature, it yields impressions such as causality which are typically
associated with highdevel cognitive processing. Such phenomena were first studied

in the early 1900s by the experimental psychologisert Michote (18811965).

They later captured the attention of many psychologists since the publication of his
book: The Perception of Causality (1963 this book, he extensively demonstrated

and studied causal impressions using, in particular, a famous expekimogm as the
fLaunching effect 0 Hidure 3 below illustrates a collision event, which gives rise

to what Mi chotte <called O&édphenomenal Caus
Perceptual Causality. In sum, Peptual Causality describes the direct perception of
causal structure (CausedEffect) from object interactions, rather than their

inference from statistical observation of similar situation orweald knowledge.

In the rest of this section, we wilhtroduce and expose the determinants of Causal
Perception discovered by Michotte, as well as recent contributions in cognitive

science and psychology confirming the perceptual aspect of causal relations.

Y

Time

e e ® e [ ] ® e o @
—

Figure3: Example of Mih ot t e6s demonstrati ofheof Perce
ALaunching Effecto (note one smal/l object /
to another item B (Green Sphere), at which point A stops and B starts moving.)
(Video: http://research.yale.edu/percemticausality/launching.mov)
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Mi chotteds Causal Perception Theory

After centuries of philosophical enquiry, Causal Perception received its first notable
psychological investigation by Michotte (1963). He was the first to note that the
apprehension of caugg often appears perceptual in nature (i.e. certain physical

events give rise to immediate impressions of causality), despite causality being
generally considered a higével property of the world (Scholl & Nakayama, 2002).

I n Mi chot t e Otgis atthbatedrtoycccurrengievemntls from their spatio

temporal contiguity. The canonical example used by Michotte, consists of one pool
ball striking another, thus Al aunchingo
(Figure4 below).

Michotte presented adults with a scene in which one billiard ball struck another
stationary ball, resulting in the launching of the stationary ball, and the halting of the
moving ball. The subjeatisadesevehedr epost
first ball "caused" the second ball to move. Michotte qualified such collision events

rising strong causal impressions: tteuhching"effect. Launching effect gives rise to

what Mi chotte call ed b&a dthers sometimes Ireferced ass a | 1 t
6t he i1l | us i Gordonetfal.,, t980).s al i t y o6 (

Figure4: Causal Perception from emccurring events

In order to analyse the determinant of causal impression, Michotte designed an
experimentalapparatus: the Disc and Projector methods (Michotte, 1963, p27, p34)
replicating 2D animation of the typical pool "launching" effect in which pre/post
collision kinematics properties could be manipulated. In these experiments, Michotte
explored in partic@dr the spatidemporal conditionsbetween the two events.
(namely:the gap between the two balls and delay between the two motion events).

Mo s t Mi chotteds Causal Perception demons
launching effect. Th&igure5(from Scholl & Tremoulet, 2000) below portrays some
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of the manipulations explored by Michottad the main effects he identified from the

impression elicited by the animation on patient.

In conclusion, of his exhaustive experimentasioMichotte noticed that by
manipulating the collision event along spatial or temporal dimensions, he could affect
a subjects' likeliness of perceiving causality. He observed that any deviation from zero
gap and zero delay considerably reduce the perceptiany causal relation among

the subjects. Central to the attribution of a causal relation between the two events is
the time interval separating them: Michotte (1963) reported that if the second event
was delayed by more than 150 ms, 50% of subjectedfdid recognise a causal
relation between them. Michotte' s empirical studies evidenced that physical event co
occurrence is immediately perceived as a causal event if spatiotemporal contiguity
between collision and motion event is preserved, as well @asoterall event
kinematics. In particular,Michotte (1963) argued that the essence of phenomenal
causality is Aampliationo of movement ,
perceptually transferred to the second objgttfuschke & Fragassi, 1996)Vithin

his theory of "ampliation," Michotte concluded that the perception of causality mostly
derives from the property of our visual system to single out individual entity and

retrieve continuous motion among them.

In sum, Michotte (1963) argued that thikusion" of Causality is constructed by our
visual system independently of any prior knowledge. His research has shown that the
reporting of causal structure is highly sensitive to the spatial and temporal properties
of the event caccurrence. This isrme groundbreaking aspect of his theory as it
suggests that the recognition of causal relation is independent of learning and
experiences as highly stimuldsiven. Such a revolutionary position on our
perception of reality has initiated a large amountesfearch in cognitive science,
developmental psychology, and neuroscience. As explained in the next section, most
of these extensions to Michotte work consisted of discovering the spatiotemporal and
contextual parameters that mediate or prevent causalpeasewell as discussing the

inferential and perceptual components involved in causal impression.
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(a) Launching
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(d) Triggering
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Figureb5: Examples of some of Mi chotteds basi

Causality

(Figure reproduced with permissidrom Schtl & Tremoulet, 2000)

Note: objects A and B as red and green circles.
(@) TheLaunchingEffect: wherein A is perceived as causing B6®6
a. The Launching Effecti s destroyed by adding a tempor al
motions.
b. The Launching effectis alsodestroyed by adding a spatial
position and Bés initial position.
(b) The Entraining Effect: wherein A seems to carry B along with it.
(c) The Triggering Effect, wi t h a small tempor al gap wherein Bbés
still be causing by A.
(d) The Tool Effect, where an intermediate item ( grey circle) seems merely a tool by which A is

perceive as causing the entire motion sequence

CHAPTER 2: VR, ALTERNATIVE REALITY AND CAUSALITY Page33



Legacy of Michotte's Theory

Michotte's work continues to inspire current research in percegtidrcognition. The
scope, origins, explanation, and influence of Causal Perception are still on the
research agenda in neurological, developmental, comparative research (Wagemans,
Lier & Scholl, 2006). Most of these contemporary researches are legacylubthdis

Causal Perceptiortheory, which specifies that we irresistibly perceive causality
between cabccurring mechanical events when they appear spatially and temporally
contiguous (Michotte, 1963). The strong perceptual aspect of causal attribution
which appears to be fairly fast, automatic, irresistible and stirdriven (Scholl &
Tremoulet, 2000) evidenced the rationalist view of Michotte arguing the existence of
strict rules used by the visual system to construct-lagel percepts like Causati.

Since Michotte, researchers have extended and refined the determinants of Causal

Perception. This section briefly reviews these contemporary investigations.

(I) Causal Perception and its Kinematics Determinants Many experimental
studies have clearly confimed Mi chotteds <claim that
stimuli-based phenomenon. Most of the researches focus on temporal contiguity
(see Schlottmann et al., 2006 for an overview). All this work essentially agrees
that delays exceeding 60 ms between physeahts can considerably reduce the
causal impression. This is perhaps the most crucial result as Causal Perception
seems to be largely stimulus driven, and small manipulations to the displays can

cause the causal nature of the events to disappear.

Schlotmann et al. (2006) argued that other relevant kinematic factors have been
studied: i) spatial contiguity, ii) object's velocities and direction, iv) and the

radius of action. However, these factors have not been clearly confirmed by
further studies. Yett has been agreed that to elicit Causal Perception, the overall

object's motion have to be perceived i
(Twardy, 2002). In addition, the object motion before the collision has to be less

than 110 cm/sec to avoid éh"tunnel” Effect Kawachi & Gyoba, 200k

Mor eover, in recent a study reproduci
Fugelsang (2005a) confirmed the strong status of spatiotemporal factors. Movies
containing temporal (170 ms) or spatial gaps (1.2 cm) raspBcelicited causal
impression only on 4.2 % and 10.4 % of the trials (Segire 6 below). Such

temporal and spatial settings successfully eliminated the impression of causality.
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Conversely, other moviesreprese i ng stri ct @ACausal Event

high rate of causal impression (95.8 %).

CAUSAL Event 6 e oe o
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No Temporal Delay or Spatial Gap
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NON-CAUSAL Event
(Temporal Delay)
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170ms Temporal Delay
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?Sp:tia?ga:)l- Event ° e o e o e
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I
1.2cm Spatial Gap

Figure6: Graphical lllustration of causal, temporal delay and spatialrgapies
Notes:Figure reproduced wh permissionfrom Fugelsang (200% experiments

(I  Causal Perception and Attention recent contributions argued that the level of
attention considerably influences Causal Perception (Choi & Scholl, 2004) (Scholl
& Tremoulet, 2000). This work demonstratédat perceptual grouping and
attention could both influence the perception of causality in ambiguous displays.
They demonstrated that Causal Perception could be strengthened or attenuated
based on whether observers are attending or not the event.

() Causd Perception and Contextual information: Recent research has also
revealed that the nature of the percept arising from a launching stimulus is highly
sensitive to subtle variations in the context (Scholl & Nakayama 2002, 2004).
They concluded thatthe perception of causality does not proceed completely
independently of other visual processes, but can affect the perception of other
spatial propertie$ (Scholl & Nakayama, 2004). Surprisingly, when a +@@ewusal
Event is surrounded by causal event, it is peeckas Causal in 80% of the case.
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In the presence of a distinct nearby launch event an overlapping collisions (one
shape remains stationary while another passes over) which are typically seen a
completely norcausal are irresistibly perceived as causatnev(Scholl &
Nakayama, 2002). Choi & Scholl (2006a) presented results demonstrating that
postdictive processes can also influence Causal Perception as additional
information so obtained can influence the immediate past in our conscious

awareness, and samwCausal Perception.

(IV)  Scope of Causal Perception: White and Milne (2006, 1997, and 1999) have
extended the catalogue of qualitative effects triggering strong causal impressions.
Their research suggested that Causal Perception is not restricted to stric
"launching” events type. They particularly identified three patterns producing
causal impression
(a) Pulling,

(b) Enforced disintegration and

(c) Busting (se&igure7 below).

White and Milne explored the effeof several variables on these percepts and
demonstrated that they are strictly associated with pregodigion velocity
pattern.

In addition to physical causality, Schlottmann et al. (2006) also denoted the
perception of social causality from minimalotion events. Such observations
corroborate the perceiveahimacy from mechanical interactions evidenced by
School & Tremoulet (2000). The social interpretation of single causal interaction
has also been emphasised by Saxe and Carey (2006) who destrwbed
importance of the "agentive" and "receptive" role given by infants in their

interpretation of an ambiguous event as causal or not.
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Figure7: Di splays used by White anduetMi | ne t

functional Reldéions
Notes:Figure reproduced with permissidrom (Scholl& Tremoulet, 2000)

(V) Origin of Causal Perception: At first, a predominant trend of cognitive
scientists defined Causal Perception as an innate mechanism part of our genetic
endowment. Leslie(1982; Leslie & Keeble, 1987) and Scholttmann (2002)
provided evidence that smonth old infants can distinguish causal from non
causal events. However, in a more recent review of infant causal representation,
Saxe and Carey (2006) provided evidenceslthanching and entraining event are
interpreted causally by young everiPreverbal infants can represent the causal
structure of events, including distinguishing the agentive and receptive roles and
categorizing entities according to stable causal dssppons” Saxe, 2007).
However, they failed in evidencing the innateness of these representations. So far,
developmental studies failed to solve the innateness debate. Kruschke (2006)
suggested that it might be thampliation develops rapidly in responde the
visual world. Furthermore, he added tlaatpliationis used as a perceptual cue
for subsequent causal interpretation, and so the induction and perception are

correlated (Kruschke &ragassi, 2006).
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(VI)  Specificity of Causal Perception: In 2000, Schib and Tremoulet claimed
that perceptual causality is modular, in the sense of a mechanism independent of
higher cognitive process such as induction. In line with this, Anne Schlottmann
and her colleagues have also directly contrasted Causal Perceptiaatasad
inference §chlottmann &Shanks, 1992; Schlottmann, 1999, 200Ming fMRI,
Fugelsang et al (2005a, 2005b) proved that the visual system extracts causality
from dynamic visual information using spatial and temporal cues. In other
neurological stues, Rosser (2005) demonstrated that understanding causality
involves multiple processes in our brain, and provided support for the existence of
dissociable perceptual and inferential components. Causal structures
determination from rapid dynamic eventpeapred to be a process localised in the
right hemisphere of the brairMeanwhile, the left hemisphere would infer
causality from patterns of co variation between events, which allows the
determination of causality in more complex situation. These resyly ithat the
direct perception of causality and the ability to infer causality depend on different
hemi spheres. Fugel sangods experimentati
multidimensional account of causal knowledge whereby people's representations of
cauwsation include, but are not limited to, the "covariation, familiarity, and imageability of
cause and effect relationshipd®ugelsang & Thompson, 2006).
Saxe & Carey (2007), sharing Michotte's rationalist view, reached a similar
conclusion by claimingtta our r epr es ent atdsithceesowdes i c au
of evidence
(a) Contingency (i.e. Covariationbased)
(b) Causal Perception(i.e. Direct perception of mechanical Causality)

(c) andAgency(i . e. sense of oneds d¢thevworld).ausal

(VIl) Measuring of Causal Perception:In the vast majority of the studiethe
report and rating of Causal Perceptimes been proven difficult. This is mostly
due to the complexity to distinguish percepts and hitgnezl cognitive inference
in postexperience reports (Wolff, 2003; Choi & Scholl, 2006). Consequently,
researchers attempted to identified implicit measures of the phenomenon among
which we could cite: i)Representational Momentum (Hubbard et al.2001,
2004), (Hubbard &Ruppel, 2002;Hubbard & Favretto, 2003); iiPriming
(Kruschke & Fragassi, 1996); iigpatial illusion (Scholl & Nakayama, 2004); iv)
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Neural signature (Fugelsang et gl2005a, 2005b, 2006). Yet, in spite of evidence

of these methods efficiency to detect Causal Pamephere is still a great need

for more precise and practical implicit measures. Nowadays, the predominant
method to use measure Causal Perception consists in analysing textual
descriptions of event in order to recognize causal expressions. Such mashod h
been popularised by Wolff and his colleagues who exposed model and
classification of causal verbs and expression (Wolff, 2003, 2007; Wolff &
Zettergren, 2002; Wolff & Song, 2003a, 2003b).

(VIll) Explanation of Causal Perception: In Philosophy, Causal Percepti is
generally referred as Transference Theories of Causation (cf. Dowe, 2000). More
specifically, these theories specify that causation imply transfer of some sort of
energy or momentum from one object to another. The "Schema Matching" and

"Feature trarfer" are the main theories derived from Transference theory:

T The ASchema Mat FHisitheg claiind that ouy visual
system is endowed with a schema matching algorithm that matches
perceptual experiences with representations of past experiarigel,the
organism has learnt to identify as causal. As previously explained, White
extended the number of kinematic patterns inducing causal impression
(White, 2006). According to this account, an abstract stimulus such as a
square moving towards a thidike, breaking into smaller pieces upon
impact with it, and dispersing away from the line (cf. White & Milne,
1999), would trigger a schema for AfAs
suffer from circularity as to identify an interaction as causal; thesisyst
needs to match it with a previousl:
solution is to propose that the origins of Causal Perception lie in haptic
experiences of the organism, which are then extended and widened to

create schemas for perceptual experienceside the haptic domain.

T AFeatur e T r an #fnerrcioculaiT dltermativg to schema
matching has been suggested by Kruschke and Fragassi (1996), who
argued that Mi chotteds (1946/1963) 11

example of feature transgfeAccording to this theory, the momentum of
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the causal object is a perceptual feature; at impact with the effect object,
this feature is transferred from the causal object to the effect object, which

subsequently fiacquireso the moment um

The explanatn of Causal Perception is still at the centre of much research in
cognitive science. One advantage of feature transfer over schema matching is that

it offers a direct perceptual basis for phenomenal causality, which can occur
bottomup, without accessingny previous knowledge. Note that the Transference
Theory goes beyond Mi aniplation ie tha energyicani n a |
be transferred in ways other than simply transferring momentum. Nevertheless, if
feature transfer is the perceptual basiploénomenal causality, than transfer of
features other than motion should likewise result in causal impressions. However,

one problem with Transference Theory is that it suggests that our perceptual
system Aknowso that ener gignomarseqbppedn t r a

to sense energy transfer than it is to causality.

(IX) Causal Perception and Causal Induction:The question of whether human
observers perceive or infer causality has a long history (see Scholl & Tremoulet,
2000; Sperber et al., 199®remack, 1990; Premack & Premack, 1994). The
perception of fACaused has been debated
debate mainly lies in the difference between Causal Perception and Causal
Induction. Causal Perception is in stark contrast &amgal induction, in that it
appears to be spontaneous, irresistible, and not dependent on multiple trials. One
of Hu 1é38/$986) pr emi s es for causal i nduct
conjunctiono of the events in qedé&sti on;
multiple causeeffect sequences will one form a mental causal link between them.
Humeds view that causality is not perce
and temporal contigyit has been widely acceptedThere are various
psychological heories about how such causahrning takes place (see Cheng,

1997; or Buehne& Cheng, 2005; for an overview).

However, Michotte (1946/1963) suggested that physical causality is mostly
perceived and not inferred. Yet, individual differences in hisissudf perceptual

causality suggested an inferential aspect, maybe reflecting the individual
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differences in knowledge of collision. This argument strongly affected the
phenomenal aspect of causalitjoynson, 1971pr subsumed it under causal
inference Weir, 1978; White, 1995). However, it is now widely accepted that
such data suggested a more complex relationship between process and
phenomenologySchlottman, 2000).

The distinction between perceptual causality and causal judgment or induction has
been iwvestigated by Schlottmann and Shanks (1992), who found an interesting
dissociation: Judgment and perception can reach opposite conclusions, with
participantsexpectingan effect (thus knowing that the cause will produce it), yet
reporting that the interaon looked norcausal due to a spatial or temporal gap.
This need not mean that causal induction and Causal Perception are two entirely
independent processes. Cheng (1995), for instance, provided an inductive analysis
of Michotteian perceptual causalitye&ent work by Scholl and Nakayama (2002)
likewise suggests that the perceptual system, despite its immediate recognition of

causal stimuli, incorporates an inductive component.

Synthesis

The survey of Causal Perception confirmed that Human subjects hattens

propensity to perceive causality from-gocurring visual events. Researchers have
identified five fikeyo cues used by humans:s
causally related (Fugelsang, 2006):

i) Co-variation (Cheng, 1993,1997; Glymour,0@1l; Novick & Cheng, 2004;
White, 1992; Spellman, 1996);

i) Temporal order (Tversky & Kahneman, 1980; Siegler & Liebert, 1974);

iii) Mechanism information (Ahn et al., 1995;; White, 1989,1995) ;

iv) Similarity between Cause and Effec{Tversky 1977;Shultz& Ravinsky, 1977)

v) Contiguity in time and space (Michotte, 1963fugelsang, 2005a, 2005b).

Among these cues, the last one, spatial and temporal event contiguity, has been
extensively studied by Michotte and his successors. The perception of causality from
collision events has been qualified by Scholl and Nakayama (2002) as
fiphenomenologically instantaneous, automatic and largely irresistible Nu mer ou s

experimental settings confirmed the impact of spatiotemporal factor on our attribution
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of causal influence. Mai research now agrees that our understanding of causality
depends on both perceptual and inferential components. Perceptual causality has been
gualified as one of the main source of Human's causal representation (Saxe, 2007),
with a large impact on our derstanding of world dynamics. There is little doubt that

we understand the dynamics of our physical world through the recognition of causal

relations from object collisions (Roser et al., 2005).

In addition, it has been agreed that Causal Perceptionr@sacultural phenomenon
appearing early in child developmental process (Scholl, 2006; Morris & Peng, 1994 ;
Peng & Knowles, 2003; Leslie & Keeble, 1982,1987; Saxe, 2007; Scholl &
Nakayama, 2002; Choi et.all999). The rationalist and empiricist disdass and
debates about its innateness and origins prove irrelevant as much experimentation
confirmed its perceptual aspect (Schollf€&moulet, 2000) and its importance on our

establishment of causal influences.

In conclusion, many psychological and neagience contributions demonstrated that
Causal Perception plays a major role in
For all these reasons, Causal Perception is considered as one of the main phenomena
through which we perceive our everyday itgalt appears as a central mechanism to

our induction of causal relationship, especially from single event observation. This
makes Causal Perception an interesting focus of experimentation when designing

virtual worlds departing from our everyday life.
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Previous Work: Causal Perception in Interactive Systems

Yet, while many psychological phenomena have been studied in their relation to
Virtual Reality (VR), very little work has been dedicated specifically to Causal
Perception (despite its strong infhee on human interaction). Only recently, Causal
Perception has become a research topic for a variety of graphic interface systems, as
an understanding of Causal Perception has implications to develop better visualisation
systemgWare et al., 1999and ammation systemgO'Sullivan & Dingliana, 2001;
O'Sullivan, 2005; O'Sullivan et al., 20@eitsma & O'Sullivan, 2008).

In the field of computer graphics, most research examined perceptual thresholds to

simulate plausible goalirected animations wle reducing their computational

complexity (O6Sullivan & Dingliana, 2001;
2000; Popovi'c et al., 2000; Twigg & James, 2007). There has been little specific
wor k on userso6 Causal Per cregf traseanch by wi t h
O6Sul livan (@0010,wHo ihavegworkedroma the relation between Causal

Perception and collision renderingO'Sullivan & Dingliana's psychological
experiments (2001; 2003) demonstrated that believabldimgalphysics simulation
should imperatively preserve user's causality perceptiayu(e8). They argued that
such system should therefore implement collidiandling process interruption
beyond a 100m800ms delay after collision. Thes@ta are corroborating those of
Michotte's early experimental studies, and evidenced the potential of perceptually

adaptive simulation for interactive system.

In recent research, O'Sullivg2005) added that the degree aitention (Scholl &
Nakayama, 20®) as well as the nature of the dynamic event also play role in its
believability. Reitsma & O'Sullivan (2008) compared perceptual sensitivity in
physical simulations in realistic and abstract settings. In both type of environment,
participants are predomantly affected by spatiotemporal errors in rigid body
collisions. Spatial gap and delay considerably reduced the animations perceived
plausibility. To a certain extent, their results in 3D realistic environment corroborate

Michotte's observation in 2D sysulic display.
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(a) (b)

Figure8: Example of Causal Perception experiments

Notes:Figure reproduced with permissidnr om ( O6 Sul i van, 2005)
O'Sullivan, 2008)

In the field of cognitive psychology Causal Perception studies bese carried out

using simplified and non interactive 2D display (Scha@b07) (Fugelsang et al.,
2005; Roser et al.,, 2005; Scholl, 2007; Leslie & Keeble, 1987; Oakes & Cohen,
1990; Choi & Scholl, 2006b). One notable exception has been the reseavidiffof

which has made extensive use of 3D animations to elicit Causal Perception in subjects
watching them (Wolff & Zettegrer2002; Wolff, 2003, 2007). Mostly, in order to
analyse causal vocabulary. However, these animations were non interactive, which
means that their contents had to be entirely scripted in advance, and did not

investigate Causal Perception in response to event initiated by the user.

In conclusion, it appears that Causal Perception has never been properly experimented
in proper interactig 3D worlds. Yet, previous researches using 3D animation tend to
suggest that Causal Perception also depends on spatiotemporal contiguity between

events in realistic settings.
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Principles of Alternative Causality

One of the principal objectives of thigork consists in creating alternative (virtual)
reality from first principles. Here, the notion of alternative has to be understood as
"distortion" of reality, in which we emphasise the impression of plausible alternative
realities rather than inconsistemes. Causality is a crucial concept from which we
understand our reality; therefore, in the introduction of this thesis, we posit that one
way of creating alternative realities would be by distorting causality. Producing
unexpected causal relations shbirduce a certain sense of novelty while preserving

consistency between events occurring with the virtual world.

The survey of causality conceptions revealed that causal attribution between physical
events has both perceptual and higher cognitive aspémtgever, for many cognitive
scientists, physical causality appears to be automatically attributed by humans on an
event ceoccurrence basis independently of prior knowledge. This perceptual aspect
of causality attribution refers to the irresistible causgpression appearing when a
collision and a motion event appear contiguous in time and space, even from single
observation. The fact that this phenomenon of Causal Perception does not rely on
multiple trials, and mostly depends on kinematic patterrextremely relevant to our
ambition of maintaining causal impressions from atypical consequences. Furthermore,
a considerable amount of cognitive research has finally established the principal
determinants of Causal Perception and their limits in 2D or Bplays settings.
Consequently, the generation of abnormal consequences from object collision in VR
should theoretically induce causal impressions. Obviously, these alternative event co
occurrences should respect the spatial and temporal determinants ueél Ca
Perception. We can now refine the notion of Alternative Causality to the elicitation of

Causal Perception from alternative collision event consequence.

Through our conception of Alternative Causality, a VR user could therefore
experience novel physat behaviour that would yet paradoxically-yield causal
impressions just as much as familiar experiences would. This hypothesis is close to
the notion of"Causal illusion” (Wolff, 2007) referring to kinematic patterns that

imply forces that are not regll t her e. This is explicitly
launching effecand its capacity to elicit strong causal impression from a simple 2D

symbolic display. In the context of this research, which is that of alternative reality,
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this powerful cognitive rechanism can be used to create various kinds of experiences,

whose objective might not be the deception but the suspension of disbelief.

We previously defined Alternative Causality as the generation of artificial physical

event ceoccurrence. We assumebat such alternative emccurrences would be
perceived as causally related, providing the fact they elicit Causal Perception. In
theory, the respect of the Causal Percept

physical events should induce causalregsion to the user.

Consequently, the elicitation of Causal Perception would be a key aspect of
Alternative Causality. Another aspect we need to investigate is the notion of
"alternative,” and more particularly the principles and mechanisms to generate
uncommon event consequences. One sensible way of producing abnormal causal
behaviour could consist in "distorting" normal ones. In other words, Alternative
Causality would derive from ordinary causality, which will be altered according to a
certain degre®f distortion. Regarding our intentions of alternative reality creation,
causality distortion could be based on the "realness" of the causal relations suggested.
For instance, the modification mechanisms should provide different causality
amplitude disrupons, targeting different level of realness going from realistic to
unrealistic causal relation. Consequently, this approach would necessitate, first to
represent normal causality, and then to define principles and mechanisms

implementing such level of diwrtion.

From these principles, we can formulate the main requirements of our Alternative

Causalityinducing system:

1 The system should respond to object interactions by generating effects, which

depart from the common sense experience of physical events

1 These modifications should still be determined by cognitive considerations and
causality disruption principles, hence ensuring believable, albeistamdlard, co

occurrences (eliciting Causal Perception).

There are fundamental and practical concemsing from such requirements. The
next chapter will present the technical implementation behind our Alternative

Causalityinducing system.
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Conclusion

In this chapter, we discussed epistemological aspects of the concept of causality that
are relevant tohte perception of reality. We first introduced a brief history of
Causality in philosophy as well as a survey of causation theory in cognitive science.
From which, we isolated a particular cognitive phenomenon, Causal Perception,

which could support our Adrnative Causality approach.

One essential aspect of this phenomenon concerning our objective lies in its highly
stimuli-driven aspect, as it seems to be determined by spatial and temporal relations
between physical events. In matter of what we hypotheedisat any alternative
physical eventoncurrence respecting spatial and temporal contiguity criteria will

elicit Causal Perception and so induce novel experience to the user.

Following our hypothesis, we established the requirements of such Alternative
Causality system. Now, considering them, the next chapter will present the technical
approach behind the elicitation of causal impression through abnormal event
consequences in VR, based on cognitive data and action semantic considerations.
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CHAPTER 3: A TECHNICAL APPROACH TO A LTERNATIVE CAUSALITY

Introduction

In chapter 2, we established the principles and features of an altercwisaity
inducing VR system. We mentioned two important aspects of such systems: the
alteration of real physical causality atige elicitation of Causal Perception from

alternative events eoccurrence.

Such Alternative Causality principles fundamentally imply a representation of normal
physical causality, and mechanisms to modify it, while preserving Causal Perception
determina t s . One <critical aspect of the syst
bending causality instead of explicitly specifying novel causal laws. The integration

of such rules into a 3D visualisation engine also raises important issues.

In this chapterwe present solutions to simulate such artificial causality in VE. We
first discuss design constraints and technical approaches to solve them. Then, we
describe the implementation of the system and illustrate its behaviour through
examples. The last part MWidiscuss system technical performances regarding our

design constraints.
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Design Constraints

Objectives

The starting point of this research was to facilitate the description ofldwgh
behaviours for virtual worlds that would form part of interaetWR Art installations
representing alternative realities. One of the major difficulties in developing such
installations is to properly translate the artistic intentions (here: alternative realities)
into actual elements of interactivity, which in turrtetenine the user experience. Our
underlying hypothesis has been that alternative (physical) causality, generated from
disruption principles, will both suggest alternative realities and provide-|éngh
mechanisms to program interactivity towards différelegrees of realism. The
fundamental idea is to modify the course of actions to create specific impressions in

the user.

Therefore, the overall purpose of the system is to induce alternative realities by
producing alternative causal relations of variolsugibility levels. In essence, the
system should support virtual worlds in which the normal laws of causality can be
altered by substituting default effects of actions with new chain of evarttse next
section, we will present an approach to modifg ttourse of action in virtual
environment based on such requiremeitisthe following sections, we will first
describe the underlying approach behind the systems and overall architecture. In a

second part, we will describe related works

Eventbased Alterative Causality

Our overall approach to create Alternative Causality is to exploit the strong tendency
of humans to perceive amccurring events as causally linked. In essence, the system
should elicit Causal Perception from event-coourrence departingrdm our
everydaylife, and generated from an alteration of real world causality. Our overall
technical approach to simulate such Alternative Causality is based on VR event
systems, highevel representation and Al search techniques.

In few words, the wha approach relies on the recognition of kigbel actions from
low-l ev el physical events, to generate sems
events as they occur. In other words, from a-level set of events such as collisions

and contacts be®en objects the system recognises tgtel actions affecting world
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object s, such as Apushingo, Abreakingo,
actions potentially observed by the user. These actions are represented in the system
using a formalisnthat makes their consequences explicit. A-teaé modification of

this representation wil!/ thus alter an a

the user experience and sense of reality in the virtual environment

The rationale for using an exgii representation for actions is that it supports action
modification on a principled basis. Rather than directly associating effects to specific
actions, which can be a tedious process and requires a priori definition of that
association, the action reggentation can be modified using highel operations, for
instance substituting the actionds objec
proper experimentations with causality, as it makes possible to explore alternatives in

a systematic fashionnd suggest associations to be experimented with.

In other words, Al techniques are used for their ability to represent actions and
computing analogical transformation on them in order to elicit user experience. What
makes possible to use Al techniques iimwsate behaviour in virtual world is to
exploit a specific feature of 3D engines, hamely the fact that they rely onlesed

systems to represent all kinds of interaction (Conway et al., 2000; Jiang et al., 2002).

Event systems originated from the dde discretise physical interaction to simplify
physical calculations: while the dynamics of moving objects would be subject to
numerical simulation, the consequences of certain physical interactions (e.g. glass
shattering following impact from a hard ebf) could be determined in a discretised
system without having to perform complex mechanical simulations irtineal For
instance, the impact of glass on a table does not usually generate a physical simulation
of the glass shattering (i.e. fragment gatien and projection). Rather, an event is
generated (e.@®ump(..) or Impact(.), accepting as input some of the parameters of the
dynamic aspects (e.g. impact location vector, direction, momentum, references of the
objects involved in the collision)nd having as an outcome paefined simulations,

such as a particle system of a glass shattering. The aeaetion script describing

such behaviour is illustrated below Wyigure 9. This example is written in
Unrealscript, the proprietary jaMéke language interpreted by the Unreal Game
Engine virtual machine. In this example, the fall of the glass is simulated using

traditional physical laws applied by the Karma Physics engine embedded in the game
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engine Figure 9-0). Once the glass mesh collides with the table mesh, the physics
engine detect a collisiorrigure9-1), immediately transmitting the information to the
game engine e@nt system, which will be in charge of notifying the event
(Kimpact(...) to the glass object instandeiure9-2). In turn, the event callback
function namedimpact(. ..) defined in theRESTstate of the glass ddt class

will be executed with the event arguments ( i.e. impact location, momentum, object
colliding reference, etc...). In the body of this function a sequence of graphical
function will be in charge of simulating the glass explosion, by triggeringtilpa
system reproducing glass fragments, as well as hiding the object mesh and removing
its collision properties to avoid further event notification.

class GLASS extends actor placeable;

auto state REST

event KiImpact (actor other, vector pos, vector impactVel, vector impactNorm)

self.Spawn(class 'EIS_NEW_TEST TRANSPARENT GLASS_PARTICLE',

Physics Engine
simulates glass fall

self . .setcollision(false, false, false):

self .gotostate rSPGTTEFHb' :

Physics Engine detects collision with
table object, and Event System
immediately fires the “Kimpact

“Event implemented in the GLASS
class ( UnrealScript)

Figure9: Example of evenbased physical behaviour programming in unreaipgcr
Note: (here a glass object will shatter upon impact with any object)

As most phenomena in VR systems are contr
can use these event systems to associate arbitrary outcomes to a given action. This

should create everdo-occurrences that would be perceived as causally related by
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human subjectsConsequently, we could rely on native VR event systems to detect

physical interactions, modify their outcomes as they occur.

Yet, the i mpl ement at i omtraditibnal interacéve systdm8 s c o1
is entirely procedural and not based on first principles, or on generic concepis or re
usabl e categories. Our Afalling gl asso
description of physical event consequences in traditiontatactive systems. The
event's effects are spread out in the code, programmed in an ad hoc fashion, and
expressed in a procedural way. All of these aspects make any anticipation and
modification of physical event consequences extremely difficult. Coesdgu the
expression of physical causality as such in traditional 3D graphics engine is not well
suited as to support any processes modifying it. Therefore, if we want to be able to
manipulate events in a rubsed manner so as to create new causatitycing event
co-occurrences, we should provide a proper semantic description for them, so as to

base event manipulation on explicit knowledge

Consequently, our system design is modelled as an Intelligent Virtual Environments
system (IVE) (Aylett & Luck P0O; Aylett & Cavazza 2001) where Al techniques and
representation underlie our Alternative Causdlhigucing systemFigure 10 below
illustrates the major components and roles of such an IVE controlling physical
causality in VE. The overall architecture is composed of an Al system acting on top of
a VR Toolkit, which constantly intercepts collision events, interprets them, and

immediately provideslternative effect(s) to them.

Al SYSTEM

T Event's

Event Alternative Consequences

v

VR TOOLKIT

Figure10: Alternative Causality in VR using Abased Behaviour approac{Overall

architecture of an Al module controlling physical causality in a VR Toplkit
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Defining Alternative Causality

As previously mentioned our approach to implement Alternative Causalitg
intercept normal event consequences as they occur, and replace them by unusual ones
based on the context of the event (i.e. object's properties, surrounding objects, and
event or effect type).

For instance, we could imagine replacing default effegtsubstituting, or adding

new ones based on causality distortion principles, bearing in mind that these
modifications should preserve the perception of causality. Such causality alteration by
appending an additional effect to the normal consequence adtam, initiated by a

user is illustrated ifrigure 11. In this scenario, a user simply drops a glass pint on a
table. Upon impact, the falling glass immediately shatters, while a cardboard menu,
which is locatedust beside, is tilting. Whereas, the menu has never been in contact
with the falling pint, the double outcoil
shattering and the menu tilting) would theoretically appear causally related, due to the
spatial andegmporal contiguity between events. According to this example, the simple
addition of an event (i.e. menu tilting) to the expected resulting event (i.e. glass

shattering) will create an artificial event-oocurrence while preserving a certain

impression otausal relation.

User releases a l
Glass over a table T
‘ ¥

User sees Menu
Tilting and Glass
Breaking

Figurell: Example of artificial event ecoccurrence

(Note: the menu tilting animation has been played with the glass shattering animation; both

are perceived as a consequence of the falling pint hittingatile surface).
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From the subjectbés perspective, their int
in their ordinary consequences. On the contrary, these default consequences will be

Ai nterceptedo and substit utlealglassifalingonot her
a table would normally shatter (spilling its contents), our system should generate
alternative effects, such as the glass landing intact on the table but causing another

glass to tumble and spill its contents.

However, our system sho d oper ate regardless of t he
intervention, a simulated process, etc.). In addition, we are also only concerned with
effects that could be perceived as direct
complex causal chas. Even in the case where effects tend to propagate further (as in

the case of an impact causing a glass to tilt, and consequently to spill out its contents),
only the first consequence (the glass tilting) will be subject to modification by the
Causal Enme. Further consequences within the same time sample are not altered.
Finally, the overall action modification process would have to respect the critical
minimum of 200 ms temporal gap between events and their consequences to preserve
Causal Perception (ighotte, 1963; Buehner & May, 2003a; Fugelsang, 2005).

Related Works

A number of researchers has proposed to integrate Atrtificial Intelligence
representations fAon topodo of wvirtual wor |
scenes and their evolutiorthus introducing the concept of Intelligent Virtual
Environments (hence IVE) (Aylett & Luck, 2000; Aylett & Cavazza, 2001). In the
following section, we briefly review the uses of hilglvel representations in VR and

possible Al techniques supporting aftative consequence generation. Finally, we
conclude by presenting our ontological approach and the requirements of our
causality representation.

High-level Representation in Virtual Environments

The development of complex interactive 3D systems raises rieed for
representations supporting more abstract descriptions of world's dynamics as well as
the world's objects and their behaviour (Campos et al., 2003). Therefore, there has

been a growing interest in hidével representations of virtual world simatibns in
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recent years, coming from various perspectives, ranging from virtual world design to

the implementation of intelligent agents.
Typical applications include:

1 World creations from ontological descriptions (Kalogerakis et al., 2006;
Vanacken et al.2007; Kleinermann et al., 2005) or from Natural Language
descriptions (Clay & Wilhelms, 1996).

Multimodal interaction (Latoschik et al., 2005),
Exploration and Interacti¢Muller-Tomfelde et al,. 2004; Kallmann &
Thalmann, 2002)

1 Behaviour simulationrad interpretation (Cavazza & Palmer, 1999; Lugrin &
Cavazza, 2006; Bindiganavale et al., 2000; Erignac, 2006; Cavazza et al.,
2004; Zhou & Ting, 2006)

Badl erds group (Bindiganavale et al ., 20
action representatns in virtual environments, initially to support the execution of

action variants under the influence of natural language instructions. This was the first

time in VR that actions where conceptualised in some form of ontology, which was
termed an oA &ctlilamaanrny and Thal mann (2002) |
objects in virtual simulations to associate typical behaviours followingtireal

interactions for instance with virtual agents. Their approach has been a first step
towards the introductionfoa more generic and abstract behaviour representation
associated to the objects (as opposed toudliscripting), as well as a preoccupation

with functional aspects, although not recurring to Al techniques strictly speaking.

Several research groups haeeently explored semantic representations for virtual
environments: MulleiTomfelde et al. (2004) used knowledge structures to facilitate
the exploration of virtual environments. Latoschik et al. (2005) have developed
symbolic representations for virtuahvironments, initially as part of multimodal
interfaces to VR. Kleinermann et al. (2005) have introduced semantic representations
for virtual environments to facilitate the design of virtual worlds. Kalogerakis et al.
(2006) have proposed the use of dodees to structure the contents of virtual worlds,

using OWL graphs to represent 3D objects and scenes.
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From a different perspective, Lieberman et al. (2004) have advocated the introduction
of Common Sense (CS) representations in interactive systems. hEwey given
several practical examples of the role of CS in supporting interactive systems
(Lieberman & Espinosa, 2006), including an Augmented Reality kitchen (Lee et al.,
2006) using a subset of Open Mind (Singh & Barry, 2003).

In the field of Atbasedbehavioural simulation, Erignac (2006) was the first author to
introduce the use of Qualitative Simulation in virtual environments to simulate the
behaviour of complex devices with which virtual humans were able to interact.
Recent work has explored theeusf Qualitative Process Theory (Forbus, 1984,1996)

to support Qualitative Simulation in virtual environments, mostly for reasoning with
liquids and thermal exchanges (Cavazza et al., 2004a) (Hartley et al., 2004, 2005a
,2005b). Zhou and Ting (2006) havelsa adopted Qualitative Physics for object

behaviour in tactical simulation.

Al and Causality Alteration

While causality has been widely studied in Al (Pearl, 1999, 2000; De kleer & Brown
,1984; Iwasaki & Simon, 1986; Iwasaki, 1994; Iwasaki et al.,1998rbus, 1984,
Kuipers, 1984) very little technical work has actually been focusing in experimenting
with the alteration of causality. Most of these causation theories rely on probabilistic
analysis methods for extracting causality from an analysis of atagmuation. The
elicitation of causal relations from physical events, neither their modification, are

explicitly considered by such theories.

However, the rerdering of events to establish a new causal chain can be seen as a
planning problem. The gersgion of an appropriate chain of operators based on the
transformations they achieve on the world is a classical planning problem. In
particular, searclhhased planning such as HSP (Bonet & Geffner, 2001) or local
search methods in planning such as LPG €@ar & Serina, 2002 ; Gerevini et al.,
2002) can be used to produce a chain of operators corresponding to the events to be
sorted at any given time. Considering this approach, the definition of the new rules
governing causality can take the form of hstic{s) governing the search.
Consequently, the formulation of the chain of events could be based on planning
formalismslike such as STRIPS (Fykes & Nilsson, 1971) or PDDL (McDermott,
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1998). The notion of STRIPS representation in the study of causatitalba been
advocated by Pearl (2000).

The following section describes our prototype implementation including such Al
techniques. We will in particular present our action formalism and modification
techniques inspired by heuristic seabased planning. & will be followed by an

illustration of their integration into visualisation engine supporting physical behaviour

overriding.

Implementation of the Alternative Causality System

System Overview and Architecture

Following evertbased Alternative Causality, he systemds main ope

divided in three main phases (d&gurel?):
i) Intercepting interaction events at a regular sampling rate,
i) Recognising the higlevel actions they correspond to, and

iii) Modifying their default consequences, so as to create nexe@arences

on a principled basis.

This cycle is integrated by a VR system, composed of three main compdrigots (
13):

1 A Visualisation Systenj Unreal Game Engine)
1 An Eventinterception System (EIS)
1 A Causal Engine

The Causal Engine operates continuously through sampling cycles that are initiated

by the occurrence of actions in the virtual world. The occurrence of events affecting
world objects initiates a sampling cyctiyring which the system recognises potential
actions and stores them while inhibiting
t hem) . The Causal Engine then transfor ms

effects, before ractivating them. Tis reactivation then initiates a new sampling
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cycle. The Figure 13 illustrates a set of alternative effects generated by the system

following the fall of an empty glass on a table.

—

1- Intercept event 2 - Recognise their
occuring in virtual normal consequences
environement and inhibit them

3 - Modify
consequences and
reactivate them

Figure12: Alternative Causality System Main Operating Cycles

The Causal Engine is developed on top of the native event system of a (Unreal
EngineE) , which supports events discreti
case of UT 2 0 0 3 ginie)s This means khatrthe aléaultePhysics is
overridden by the new mechanisms provided by the Causal Engine for any event
involving interactions between objects (other aspects, such as kinematics are not
altered and remain under the control of the Physiogine). The causal layer
communicates with the visualisation engine using UDP messalfjésteracts with

t he enginebs behaviour al AP I Vi a our €
UnrealScript Code. The next section describes in further detail feandesoles of

these modules before presenting our action formalism.
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UT Visualisation Engine

User Action ( Drop Glass over Table) A-Table prr.allingigieessilits
Breaks =

~fB-Other Glass &5,
Breaks

Pint hits Table

UDP
I

Frozen Event Consequences Alternative Event Consequences

< 2 ||
( Causal Engine )

Figure13: System Overview

A. We substituted the object to be damaged while the glass is slightly bouncing of the table,
the table is cracked around the impact point

B. Another substitution, with the shattering of another glass (than the one falling) situated
around the impact point.

C. A substitution and modification of the nature of the effect, this time the menu is tilting
upon the impact.

D. As for c¢) but this time, thether pint ( standing on the table before the impact) is tilted

after the impact.

The Visualisation Engine (Unreal Game Engine)

Since 2000, most game engines surpass traditional VR Toolkit (such as
WorldToolKit*) in their visual quality and realism as s their authoring tools and

retail price. Game technologies have been used with success for different types of VR
applications, mostly due t o -timé graphicsiiexce
production and displays (Lewis & Jacobson, 2002) (NdbD62 Game engine
technologies imposed themselves as natural tools in a multitude of activities in the

digital domain (Hampshire, 2006). Among them we can cite: Movie making and real

4 . http://www.sense8.com/
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time animation making (Machinima), Media Art, Architecture and Consbmuct
Simulation, Landscape Architecture, Serious Game, Immersive VR Platform,
Interactive Storytelling and much more ,see (Herrlich 2007; Richie et al., 2006) for a
detailed overview).

At the time of this research (2003), the most appropriate game teghrelailable

was the Unreal Engine 2.0 (freely delivered with any copy of the Unreal Tournament
2003 Gamé™®). The Unreal technology had a considerable advantage upon any of its
rival in terms of graphics and physics simulation quality as well astit®@ing tools

and large developer community. Its high level scripting language and sophisticated
event system made it an ideal platform to integrate our event
interception/modification system. As game engines often appear as complex
interactive systems, ¢hfollowing section clarifies the Unreal Engine components and
its approach for Behaviour programming.

Unreal Engine 2 is a complete game development framework targeting mainstream
PC's, and consoles (Microsoft's Xbox game console, and Sony's PlayZ0ation
powered such hit games as Unreal Tournament 28@Bpic ™°® Games), Splinter
Cell ™ and Rainbow Six 3" (Ubisoft™) and Lineage I™™ (NCsoft™). The free
licensed version includes a proprietary scripting language, the Unreal&Eiiptre

15), from which the whole gameplay can be modified without accessing the internal
C++ components. The level authoring is assisted by a complete level editor: the
UnrealE& (Figure 14). The physical simulation is handled by the Karma physics
enginé (i.e. a rigidbody physics simulation and collisiedetection software
packagg from which developers can quickly and easily add physical behaviours to
their 2D or 3D environment(Note: a complete description of the Unreal engine

technical feature is available onlitf®

http://www.unrealtournament2003.com

http://www.epicgames.com
http://udn.epicgamesom/Two/UnrealScriptReference.html
http://udn.epicgames.com/Two/IntroToUnrealEd.html
http://udn.epicgames.com/Two/rsrc/Two/KarmaReference/KarmaUserGuide.pdf
http://www.unrealtechnology.com/features.php?ref=passions

© © N o O
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Figure14: Unreal engine level editor (Unrealed) and example of environment

produced

class Ball extends actor placeable;

auto state REZT
{
event KImpact{actor other, vector pos, vector impactvel, vector impactMorm)

{

self .SetPhysics (PHYS KARMA);

self . KhddImpulse (impactvel,self.location);

}
} I

Figure 15: Example of Unralscript(Here a simple ball object activating karma
physics engine simulation when colliding by other moving object (also hdhgle

karma physics engine)

In addition, the Unreal engine provides a large population of events (around 60)
describing differenaspects of virtual actor or player interactions. The Unrealscript
code snippet below illustrates this diversity of evehtgyre15). One relevant aspect

of the Unreal events system regarding our research olgerst the fact that it
proposes over fifteen different events to denote physical interaction, such as
Bump(...), Landed(...), Hitwall(...) (Figure 16. The different
events categories available and their role in our action reemgmrocess would be
discussed later in this chapter.
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event Elmpact (actor other, wvector pos, vector impactVel,
event HitWall( vector HitNormal, actor HitWall );
event Bump( Actor Other )

event Landed( vector HitNormal ):

event Fallingi):

event ZoneChange | ZoneInfo HNewiZone };

event BaseChange|():

event PhysicsVolumeChange (| PhysicsVolume NewWVolume )
event EncroachedBy({ actor Cther );

event PhysicsChangedFor(fActor Other);

event LActorEnteredVolume (Actor Other):

event ActorleavingVolume (Actor Other)

event Attach( Actor Other ):

event Detach( Actor Other ):

Figure16: Example of Unrealscript eventaotifying physical interactioh

The Event Interception System (EIS)

The Event Interception System (EIShas been developed on toftlee native event
system in UT 2003. The EIS derives its name from the fact that it overrides part of the
native Physics engine, namely the processing of physical interactions between objects,
corresponding to various kinds of contact and collisiongoltsis to act as physical

action recognition and inhibition layemterpreting lowlevel events in terms of
higherlevel actions. As previously mentioned our representation for-lbig
actions i s referHkfefdecaso GE r (ditatesuan @Pleiu saen d
formalisation of actions and their consequences. This representation is thus organised
around the notion of action and consequences, which is the most appropriate to
represent event causality. A detailed description of the formalisgiven in the

following section

The Causal Engine

The "Causal Engine" could be assimilated to action modification layerwhich
produces new event @mcurrences in the virtual world by modifying the effects of
actions occurring in the virtual world, arsh generating alternative effects. These
events ceoccurrences will in turn induce causal impressions of the kind discussed
previously. In few words, this module receives a set of "frozen" actions from the EIS

and outputs a set of modified actions, whatle ready to be ractivated, and have
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their effects triggered in the virtual wc
key mechanism for generating suchamzurrences. The detailed behaviour of these
modules, as well as the working cycle of tigole system, is discussed in subsequent

sections.

Event CeOccurrence Representation

In this approach of Alternative Causality, knowledge representation is an essential
aspect. The alteration of common sense physical causality from principles entails a
high-level representation of the virtual world, and more particularly of the possible
physical actions within it. After a review of the rational and requirements of our
causality representation, we will introduce our causal action formalism in further

detals.

Representation Rational and Requirements

Our actions description should be supported by an appropriate formalism for-change
inducing events, which should clearly identify actions and their consequences. The
second step consists in defining a catalogfusuch action, i.e. associating hitgvel
events that can be recognised in the virtual environment. This form of representation
echoes the proposal of Mantovani and Riva (1999) according to which a virtual
environment should be characterised by an ogtglavhere however we consider an

ontology for actions.

Consequently, this system is based on ontological representations for both objects and
actions. The ontology for actions will constitute a specification of the main actions

taking place in a given vuta | wor |l d. The expression (
corresponds toitspestondi ti ons (i . e. , change i n obj
are also associated with a visualisation of the action itself in the form of a 3D
animation of the action so that thetian can be properly staged in the virtual world

without a detailed simulation of all its phases. This ontology should contain generic
actions and specific actions. For instance, all objects can fall, or fly, but only certain
object categories can brealepending on their physical properties). In addition, some

actions are related to object functionality (i.e. only containers can be filled or

emptied).
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In conclusion, our ontology should serve different purposes:

)] Action recognition: to determine what staude the normal consequence of

an interaction.

i) Action modification and comparison: To determine in which actions objects
can take part into, and how they are affected by them; This would support
comparison and analogies between various action, which rm ghould

enable some sort of modification principles.

In addition, the action ontology should support efficient computations, to be
compatible with the redime requirements of a virtual environment. Finally,
following our everdbased approach, it sHdwalso be able to be incorporated upon a
VR event system. The next section will introduce an action and object representation
satisfying such requirements.

Related Work in Object Representation

Our working hypothesis is that a successful representdimuidsbe able to articulate
object representations with the actions they are most likely to take part in, while

preserving the possibility of generic inference.

The description of object properties from the perspective of their use constitutes a
specificresearch topic known as Functional Reasoning (Far, 1992). Bicci and Saint
Amant (2003) have provided a valuable classification of the various approaches to
functional reasoning by analysing the role assigned to shape, causality, and physics in
various appsaches. Of particular interest is the fact that, while discussing Winston et

al .6s work (1983), they emphasised how s
semantic properties, for instance the f ac
abl e. os inMportang is defining relevant levels of granularity for the object
descriptions. Vaina and Jaulent (1989) have introduced a representation scheme to
support functional recognition, which ttF
model . 0 T h ealytheduoctianal chegorisatibn of objects should make use

of criteria, which are specific to actions. This has encouraged us to adopt a
representation inspired from the object function, in which for instance physical states

could be interpreted in funcial terms. This is also in line with much of the contents
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of the fiontology for | iquidso proposed b

properties of liquid containers have been described originally.

Our symbolic representation, taking the form ehaall semantic network, attempts at
relating structure to function, on the basis of actions likely to affect the object (see
Figure17). On the structural side, it describes the pdrole structure of the object

and the elementary physical properties of its components. There are not all shown on
the Figure 17 as they can be derived from the property of substances of which the
object parts are made, etc. On the functiordg,st attaches functional states to the
object, more specifically object parts such as its external structure, which takes states
such as DAMAGED or NORMAL.

An important aspect of this representation is its connection to our action
representation, whergemantic properties are used to determine objects, which are
likely to be affected by events , and are subsequently updated by theopdiions

of actions and processes. Our action representation and its integration of our object
symbolic object repsentation is described in the next section.

Action Formalism: Cause and Effect Representation

In our system, an action is represented in the Causal Engine using ourEffaute
action formalism (Henceforth CE) inspired from those used in planning anticgbo
such as STRIPS (Fikes & Nilsson, 1971), PDDL (McDermott, 1998), or most
specifically the operator representation in the SIPE system (Wilkins, 1988). These
representations originally describe operators transforming states of affairs in the
world. Theytend to be organised around qm@nditions, i.e. conditions that should be
satisfied for that action to take place and pmstditions, i.e. those world changes

induced by their application.

Consequently, our physical action formalism is a Cdtféect representation (CE),

where the ficauseo part is a formula cont
collisions) plus semantic properties of the objects involved and where the effect is the
transformation of these objectBigure 17 s hows t he -o@IEmp aficBtr,eda ki r
which the cause part consists in a collision event between two objects, one of them
(Glass#1) is fragile and the other being (Table#1) harder ti&n it
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Similar to the SIPE representation (Wilkin998), the CE formalism actually

comprises three main fields, Triggers, Conditions and Effect, where the Triggers and

Conditions represent theCause" We shall illustrate it on our "Breadn-impact"
example, which describes the event by which a fragbgct will shatter upon
colliding with a hard objectHigurel7).

CE:
Blreak-on~lmpact (Glass#1, Table#j_)__ SHAPE: ﬁ;ﬁggﬁ;
- - 47 SIZE:, SMALL
Cause : = . MY
Triggers: 2) MAss: 4 {LIGHT}
. {-1---» Hit(Glass#1, Table#2) SUBSTANCE:  {FRAGILE}
Conditions: ' — i —
Substance(Glass#1,FRAGILE) Properties
Substance(Table#1,HARD) |
Effect :
| Structure(Glass#1,DAMAGED). _

Animations : DAMAGED “
Destroy(Glass#1, NORMAL-STRUCT) ‘
Create (Glass#1, TOP-FRAGMENT) Has-Part
Create(Glass#1, BOTTOM-FRAGMENT) {STRU (l:‘r URE}
Create(Glass#1, SOLID-PARTICLES) ’

@ » /\

Has-Rart

-
-

DAMAGED ) (NORMAL )

Figurel7: The CauseandEf f e c t ( CE) Formalism and
Properties

A The first field, callecdtriggers, contains the Basi¢' physical events from which

the CE can be recognised, and which prompts instantiation of the corresponding

CE representation. In the Break-i mp a c t CE, this fiel

derived from the lowevel event systems othe UT 2003 engine, such as

Touch(é), Bump( é), Ki mpact (€é) events.

potentially activate the instantiation of a Breakimpact CE Figurel7i 1). The

notion of "basic" event is defad in detail later on in this section.

t

A Theconditionsfield determines the physical properties that should be satisfied by

objects taking part in that specific

(these semantic properties being characterisedplysical properties). For

instance, a moving object hitting another object will break only if its substance is

fragile and the object it hits is harBigure17i 2). The condition field is used to

filter between andidate CEs primed by similar basic events. For instance, the CE

representations for Bouncing and Breakimpactactionscan be activated from
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the same fAHItO BE. It is the physical

action that will determine whiiccandidate CE describes the situation at hand.

Thetriggers andconditions fields govern the CE instantiation: once these fields
can be instantiated by the CE recognition mechanism, a corresponding CE

representation is created, whose modification wilatzeevent camccurrences.

It can be noted that CE actually represent events rather than intentional actions, as
they ignore the course of events preceding the CE. The above CE for breaking
impact is recognised in a similar fashion regardless of thggnoaof the impact,
whether the object is falling on a hard surface, has been launched, or is struck by a
harder object. This contributes to making this kind of representation more generic

and expressive.

A Finally, theeffectfield corresponds to the consemee part of the CE. It contains
the default transformations to be applied to the objects affected by thieigiie(
171 3). For instance, in case of a glass shattering, the deletion of the glass and the

creation & glass fragmentHigurel7i 4).

The CE formalism plays a central role in the creation of evewiccarrences. As it
essentially associates actions with their consequences, it can be modified, for instance
by sulstituting alternative consequences to the default ones. In that sense, new event

co-occurrences are produced by a cycle composed of three main phases

i) Inhibitng t he activation of CEG6s defaul
their instantiation

1)) Modifying t h e s &fe&ct while these aseispended, and
iii) Re-activatingt he CEG6s modi fied effects.

As a result, for any given CE processed by the system, the user perceives the
corresponding triggering event followed by an alternative effd@die Figure 13
illustrated a set of alternative effects following the fall of an empty glass on a table).
The following section will illustrate in detail the action recognition and modification

phases through our "glass falling" example.
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Alternative Causality in Action

Event CeOccurence Event CeOccurence
Recognition Modification
wEvent Intercetion wCausal Engine

System (EIS)

Figure 18: Alternative Causality Main Processes

In our approach, two main sequential processes perform the alteration of physical
causality: Event Coccurrence Recognition (in green) and Modifioati(in grey),
reciprocally operated by the Event Interception System and the Causal Hrigure (

18). To operate in regime 3D environments, both operations are divided into
concurrent cycles executed by th&atient components of the EIS and Causal Engine

as well as virtual object instances themselves. The overall process is depicted on
Figure 18; it includes four main cycles including a total of sixteen phases shared
height main components. Both subsystems components are represdfitpderiO.

The EIS is composed of virtual object instances, an Event Controller, CE Generators,
a CE Catalogue and a Message controller tmmanicate with the Causal Engine
through network sockets. On the other side, the Causal Engine also includes a

Message Controller connected to a Search Engine.

Event Co-Occurrences Event Co-Occurrences
Recognition and Inhibition Modification and Execution
( ™
Event Interception System (EIS) Causal Engine
(Unreal Script) (C++)
)
4 ) 7 Ty
VIRTUAL OBJECT EVENT >| messaGE [™| wmessace [—>| SEARCH
INSTANCE(S) | CONTROLLER |——|CONTROLLER CONTROLLER | ENGINE
A\ 4 & =,
S J ;“
A
\
o )
X CE
CE Catalogue GENERATOR(S) CE Catalogue
\ J J

Figure19: System Main Components
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Throughout this section, we willustrate the behaviour of the EIS and Causal Engine
through our fAFalling Glasso example, to
next chapte(This type of event also constitutes a traditional example for causality;
see e.g. (Collins et al., 2004h this example, a glass is dropped by a user onto a table
surface, which also supports other objects (such as similar glasses, a cardboard menu,
a candle, and a beer bottle). In such a scenario, the user would normally expect the
glass to shatter uporné impact after a nearly omeeter fall. Yet, the alternative
effects produced by our system to such event are preseritegine20 below:

UT Visualisation Engine
User Action ( Drop Glass over Table)

A-Table C-Falling Glass Tilts
Breaks o

D-Menu Tilts

Pint hits Table

...........................

"Event Intervention System
(EIS) }
ubP UDP /

Frozen Event Consequences Alternative Event Consequences

z | |
Causal Engine )

Event Co-Occurrences Event Co-Occurrences
Recognition and Inhibition Modification and Execution

Figure20: System Overview and Event &dccuriences Manipulation Phases

The following parts explain the generation of such alternative eveot@arences.
We will start by illustrating the event recognition and inhibition phase and its

implementation, and then demonstrating event modifications»awigon phase.

CHAPTER 3: A TECHNICAL APPROACH TO ALTERNATIVE CAUSALITY Page69



Figure21: Event ceoccurrences recognition and modification main cycles
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Recognition of Event Coccurrences

The action recognition and inhibition process is operated directly at the Unreal Game
engine levelby the EIS. An external implementation of this process would have
considerably overloaded the network with a high flow of nativeleel events, as a
simple collision between two objects could generate hundreds of contact notifications
per second. Witlihe action recognition and inhibition process running on the game
engine side, the network bandwidth is efficiently used, as only elicited when a
meaningful event succession and context (i.e. an action) is detected. Consequently, an
internal implementationconsiderably simplifies and reduces the overall event

processing time.

The overall procedure is shared in nine main operations shared in three concurrent

cycles (seé&igure2l):
1. Native Event Notification ( and tarception)
2. Basic Event Generation
3. Basic Event Collection
4. Basic Event Distribution
5. CE FSTN(s) Activation
6. CE FSTN(s) Execution
7. CE Noaotification (and interception)
8. CE Collection
9. CE Formatting

The first cycle is composed of operation 1 & 2 and run by thealidbject instances.

The second one is run by the Event controller and includes five main operations (3 &
4 - 8 & 9), while the third cycle is divided into three main steps (5 & 6 & 7) and
executed by independent objects called CE Generdtasré 22 below). Each CE
Generator represents a particular CE and so is dedicated to the recognition of a

particular action. Implementation wise, the Event Controller delegates the recognition
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of high-level event to specifiobject named CE Generator. Each of them implement a
particular CE in the form of a Fini8tateTransition Network §kaFSTN) called CE
Generator (seeFigure 30), the whole CE recognition process is desctibather

detail on the following parts.

1
Native Event
Notification &
Interception

Virtual
Object 5
Instance(s )
(s) Basic Event Event-(.:o Occurreljc.e-s
Caneration Recognition and Inhibition

g g
K

_-_— !
Basic Event
Collection
\ 7V >
2 CE FSTN CE FSTN
Basic Event Activation Execution
Distribution
Event Gene?:::tor(s)
Controller l
3
: CE
CE Notification
. Collection /_\-/_
CE I
Formatting

Figure22: Event ceoccurrences recognition and inhibition cycles

In sum, the system operates by first instantiating CE representations for ongoing
actions, then modifying the effects of some al of these representations. As
explained in the following section CE instantiation is a bottgmprocess performed

by the EI'S modul e, which starts with th
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native events, to produce a refined set of Heylel evens cooccurrence representing

common sense physical actson

Native event notification (and Interception)

The type of interaction event generated by the Unreal engine mostly depends on the
collision type associated with the object's mesh as well as thdcphgagine
simulating its motions. Object collision properties are divided into two main
categories:Blocking and Non-blocking Collision. Meanwhile their motions can be
simulated by the Unreal Physics engine (providing basics physics integration such as
"bouncing" effect) or using the realistic rigitbdy physics engine:KARMA

capable of advanced ralpll character animation and vehicles.

A NonBlocking object triggers collision events such &®uch(...) and
UnTouch(...) signalling the penetration of asbject by another. In opposition
blocking object, which prevents any possible object penetration, generates other
collision events such &ump(...), Landed (...), or Hitwall(...).

When controlled by the KARMA physic engine, oriByocking object collisiors are
notified using a single evenKimpact(...). Consequently, our basic event
generation overloads both Karma and Unreal Physics events for both types of

Blockingandnoneblockingobjecs.

Based on these object type, thigure 23 below represents the main physieaient
categories we extracted from the fifteen physical event detected by Unreal game
engine. We could distinguish two main types of Physical EveGitmtact and
Uncontact events, each of them subdied into Blocking/Unblockingevents. A
ContactEvent refers to an object collision, while &mContactEvent notifies the
separation of two objects, which have previously collided.

In addition to collision and unollision information, ablocking event efers to a
collision or separation between solid impenetrable objects, whi@l@ockingevent
represents a collision with an penetrable object (such as volume delimiting an area in
a level, or representing an object activation/deactivation zone knewirigger

actor). Obviouslythe typology and variety of events are naturally biased by the

" The old Math Engine.
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gameplay and architecture targeted by the game middleware developer. However, you

can find similar physical event categories in most of the interactive system/game

engines currently available. In addition, most of the current game engines propose

mechanisms to customise event detection as well as their propagation through

scripting language and/or using the Evbased Flow graphs. One of the essential

advantages ofhe Unreal Engine when compared to others lies in its large set of

physical events and the capacity to override thEigure 23 below illustrates the

taxonomy of physical events employed within the Unreal engine.

| Physical Event |

I

l Contact Event |

| Blockin;; Event | | UnBIockilng Event |

Hitwall (...)
Bump (...)
Kimpact (...)
Landed (...)
Encroached(...)

Attach(...)

Touch(...)

ActorEnteringVolume(...)

| UnContact Event |

l Blockinlg Event l | UnBIockilng Event |

De-Encroached(...)
Detach(...)

UnTouc|
ActorEx

h(...)

itingVolume(...)

PhysicsVolumeChange(...)

ZoneChange(...)

BaseChange(...)

Figure23: Example of the main physical event categories in the Unreal game engine

Basic

Event Generation (and Event Inhibition)

CE instanti at:.

on

starts

Wi

t h

the processi

to produce a réfied set of highelevel events calleBasic Eventghenceforth BE).

A classification of Collision/Separation events has then been defined, and is

composed of five main eventse_HIT, BE_PUSH, BE_TOUCH, BE_IN, BE_ouBasic Events

represent a refinementf adhe large population of native UT Events. They are

composed of an aggregation of engine events associated with certain conditions. For

instance Eigure 24), the magnitude of the object momentum in a collidingheean

be used to instantiateHit Basic Even{Hit(?obj, ?surface

) from the set of

native events signalling different type of collisions ( ekytwall, bump,

Kimpact andLanded events).

CHAPTER 3A TECHNICAL APPROACH TO ALTERNATIVE CAUSALITY Page74



.

System Event Generated:
Bump( Glass#1 ,Table#1)

Evaluate Object

w

If HIGH If LOW If ALMOST

' 4 K2

Basic Event Generated: Basic Event Generated: Basic Event Generated:
( BE_Hit( Glass#1 ,Table#1) ) (BEPUSH( Glass#1 ,Table#1) BE_TOUCH( Glass#1 ,Table#1)

Figure24: Example of Basic event gemtion from a system event

As illustrated in the next sectionur event controller continuously intercepts BE
instances as they are generated by customised virtual object classes. The BE
intercepted during a certain sampling time (usually in a range®fl® ms) are then
processed against our physical action description (i.e. CE) to recognise and prevent
their possible outcomes.

This first layer of Basic events, generated at the object level, considerably facilitates

the recognition of highelevel ewents such as our CE. Once an instance of a Basic

Event has been generated, it is immediately transmitted to the Event controller. At the
same ti me, the objects involved within t
stopping any physical simulationgiow-level event interception). The object will be
Aunfrozend only in the case where no par
from our catalogue of actions. The ssdxtion below explains the mechanism behind

this inhibition and its role.

Event Inhbition

When an object is fr oz SMANDBW sitnanteed.i altne |tyh
the Physics engine action is inhibited and the object appears as immobilised.-The pre
freezing object velocity, rotation, state and physics mode are registdogd being

set t o nul ISTANDB®r i megr itohdi,s tfhe obj ect i s

controller to provide a response to the event intercepted, in terms of effect state
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(Figure 25). However, after a brief amatiof time and in the absence of a specific
consequence recognised (i.e. defined by our catalogue of action), the object will
automatically recall its kinetics parameters and let the Physics engine simulates its
behaviour, until its next collision (i.e. xieevent generation and interception). This
ASTANDBY period i s usu20msy set between 170

This autonomousontrol mechanism, implemented at the object instance level,

preserves action fluidity and avoids deadlocks when the consequence of an svent ha
not been planned. This could happen if a certain action has not been encoded in a CE
structure. It also represents a handy mechanism to preserve the environment
dynamics, and consequently the user experience, in case of an excessive event

processing timéover 200 ms).

P EIS Object
: ( EIS_ENTITY / EIS_AGENT Class) :
Basic Event
Event Generated
Interception
State
Un Freeze Object
if no effect generated Fre.eze
after 170-200 ms Object
EVENT
Standby CONTROLLER
State
Return to El state
when Effect ' Effect
applied i Generated

Figure25: Low-level mechanism handling object inhibition

Basic Event Generation

Similar tothe inhibition mechanism, the Basic Event generation is realised directly at
the object level. Special functions ovemidative event system calls (see snippet of
code belowFigure 26) and generate BE instances providing their conditions are
satisfied. These instances are immediately notified to the event controller, which

recordsthem into specialised FIFO stackadure27). For each of the five BE types
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recognised the event controller has a dedicated stack. As explaindte next
section, this prgarsing accelerates the event recagnitprocess. As previously

mentioned, once the BE instance has been transmitted the object immediately enters
i nt standbp i st at e.

simulated state EVENT_INTERCEPTION_STATE
{
event HitWall( vector HitNormal, actor HitWall )
{
Generate Collision BasicEvent (self, hitwall,100* normal (Hitnormal)):
gotostate ("STANDBY'):
}
event Bump( Actor Other )
{
Generate Collision BasicEvent (self, Other);
gotostate ("STANDBY')
}

{
Generate Collision BasicEvent {self, ,normal (hitnormal));
gotostate ('STANDBY') ;

}

event Landed( vector HitNormal )

// Special Karma Physics Engine Collision event
event KImpact (actor other, vector pos, vector impactVel, vector impactNorm)
{
Generate_Collision_BasicEvent (self,other,normal(impactNornm));
gotostate ("STANDBY') ;
}

| event Touch( Actor Other )
{
Generate None Collision ENTER BasicEvent (self, Other);
gotostate ('STANDBY');

event UnTouch( Actor Other )
{
Generate_None Collision EXIT BasicEvent (self, Other);
gotostate ('STANDBY') ; |

Figure26: Event interception state, native event ovengdand basic event generation
(Unred script)
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Visualisation Engine
Unreal Tournament Engine
(Build 2225)

BE_HIT(obj#5,0bj#4)
BE_HIT(obj#4,0bj#5) L Obj#5

|
|
Obijti4 Q BE_IN(obj#8,flow#22) | |! |
D—
. N o L=l om

INTERCEPTED INTERCEPTED INTERCEPTED INTERCEPTED INTERCEPTED
BASIC EVENT: BASIC EVENT: BASIC EVENT: BASIC EVENT: BASIC EVENT:
BE_TOUCH BE_PUSH BE_HIT BE_IN BE_OUT
BE#1 (Obj#1,0bj2#) BE#3(obj#8,flow#22)
BE#2(Obj#4,0bj5#)
EVENT CONTROLLER

Figure27: Example of basic event notification

The next step consists in the recognition of potential actions through the identification
of CE from the set of intercepted BE. During this operation, the intercepted BE
instances are redistributed to relevant CE prototype representdtignse@8-1), i.e.

those CE which have a compatible BE in their trigger field. This process occurs after

the BE sampling time has expired (typlge8 to 10 ms).

Basic Event Distribution

During the Event sampling time, the BE generated by object instances are collected
into different stacks, as previously described. When the BE Sampling time has
elapsed, the Event Controller launches the d&patchng process. This process
consists in ralistributing the BE collected during the previous phase to the
appropriate CE Generator object, the ones mentioning them inTithgger section.

The offline preprocessing operated on the CE prototype hosteddbZEhGenerators
considerably accelerates this dispatching operation. As illustrated Wyighes 28

below, at the initialisation of the system, the Event Controller module accesses the
definition of the CE assaaied to a particular environmenFEigure 281) and
associates each definition toCE Generator Object, each of them representing a
particular physical action recognitiofFigure 28-2). In the meantime, it parses CE

generators by Trigger types (i.e. Basic Event) into dedicated sthaksd 28-3).
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CE_TILT_ON_IMPACT
Event Controller
BASIC EVENT
BE_NIT
CE_Pi2s
CE_Ps27
CE_PI2Y

BE_PUSH

CE2
CE_BREAK_ON_IMPACT

"‘
0
'
'
'
)
I“"
’
: CE 2
\ CE_BOUNCE_ON_IMPACT
.
%
BASIC EVENT
BE_TOUCH

BASIC EVENT

ey
Lo LET

Population of Physical Action defined for the current virtual environment

CE
Catalogue
Event Loader

CE_ACTION .ini file

Figure28: CE generators initialisation and pparsinginto categories of basic

event
1 - Event loader extracts from our CE database the CE associated to an VR environment;

2 - The list of CE identified is provided to the event controller that generate their FSTN

implementation (CE generator)

3 - to accetrate the recognition process, CE are parsed into stack according to the basic event

defined in theitrigger.
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Therefore, at the beginning of the cycle, the Event Controller accesses stacks of BE
collected, and reads the CE generators associated to(fdngume 29). A copy of the

BE stack is transmitted to each CE Generator, this list of candidate events is then
parsed against the CE definition held by the CE generator during a process called: CE

Instantiation pocess. A successful recognition will lead to the generation of a CE.
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Figure29: CE generator prprocessing based on basic event type
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CE FSTN Activation, Execution and Notification

Our CE Generator models hidgvel eventsusing underspecified Finite State
Transition Network (FSTN) representations (Cavazza & Palmer, 1999). One action is
represented by one FSTN, the overall recognition of the action itself is the product of
the successful instantiation of the whole FSTN (s&d that the CE has been
instantiated). As illustrated by thEigure 30 below, each state in the graph is
composed of an aggregation ®¥PE, STATE, and PROPERTIES predicates.
Parsing proceeds bottom up, and euame a new compatible event is received the
FSTN instantiation restarts (or continues), until complete action recognition or early

termination on failureRigure30).

Once activated by the reception of a lisB&f, each CE generator acts autonomously
(with its own thread) to recognise a particular Hig\el event. The CE Instantiation
algorithm is executed when CE generators are activated and until the whole set of BE
dispatched has been processed. This roapmies the CE condition predicates on

the objects referenced by the BE. If the candidate object satisfies all qfat@kis

then instantiated. Otherwise, the next candidate is evaluated. The candidate events are
handled in a FIFO (Firdn-FirstOut) fashion. Once instantiated, the CEs are

immediately transmitted back to the Event controller.

In our example, thédit(glass#1 table#1) BE activates several CE, among
which theBreak - on- impact(glass#1 table#1) . As previously mentioned,

this step is optimsd through oHine preprocessing, which indexes CE on their
triggering BE categories. CEs, which have recognised compatible BE, are activated

and become candidates for instantiation &gare30-1 below).

Activated CE representations immediately execute their Condition predicates on those
BE which have activated them. If objects involved in a BE instance satisfy the entire
set of predicates, a CE instance is generated. In the falling glass example,
Substance (gl  ass#1, FRAGILE) is true Figure30-2), and so iSubstance

(table#1, HARD) (Figure 30-3). Hence aBreak - on- impact (glass#1 :
table#l) CE is instantiatedRigure 30-4). Once a CE is generated, it becomes a
target for transformation by the Causal Engine, and therefore it needs to be collected,

formatted and transmitted to it through UDP sockets.
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Flow of Basic Events I | - Hit

Generated in VE (Glass#1, Table#2)
x dutal P
(TT———
CE: Break-on-Impact (Glass#1, Table#1) FSTNs
Cause: -
Triggers: Ol
Hit(Glass#1, Table#2)
Conditions: |
Substance(Glass#1,FRAGILE) 2
P
Substance(Table#1,HARD) 3
Effect : l
Structure(Glass#1,DAMAGED) 4 l L

Figure30: Action Recognition is achieved by parsing primitive collision/separation
events into FSTN
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CE Collection, Formatting and Transmission

In a parallel process, the Event controller continuously collects CE instantiated from
the CE Generator into a dedicatstdick. After the distribution of the Basic Event
(phase 2), it controls the presence or not of event generated, and if one or many events
have been received it launches the formatting process. The set of CE generated is then
immediately serialised into tia packet. The object pointer and effect name are
translated to their corresponding ID. The objéldsations are also formatted at this
stage. At the end of this process, the Event controller informs the Message controller

(UDP interface) that a set oEds ready to be emitted,

The UDP interface of the EIS is also running as an autonomous thread, which is
activated when entering into i&ndingstate. The UDP interface accesses the set of
formatted CE and starts to forward them to Causal Engine. Th&ddbhimunication

has been previously established and synchronised with the Causal Engine during the

initialisation of the system.

Once the last CE generated has been transmitted for further processing, the system
enters its second main process nanfiBgent Co-occurrence Modification and

Reactivatiod'

Modification of Event C@ccurrences

The action modification process is entirely operated by the Causal Engine, and
initialised for each new action intercepted by the EIS. This process relies on a
heuristic sarch algorithm (Bonet & Geffner, 2001) coupled with specific operators,

named MacreéDperator (henceforth MOp). Once initialized the Causal Engine enters

into a cycle composed of three main processes running concuriegthyg31):
1. CE Reception
2. CE Modification
3. CE Transmission

CE Reception and Transmission processes simply represent UDP socket buffers,
respectively receiving actions recognised by the EIS and sending back actions

modified by to it. This part will mdk/ focus on the action modification process,
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which is reinitialised every time a new intercepted action has been received and
unformatted into a proper CE structures. In matter of what they areready to be
manipulated by our event @xcurrence mofication procedure. At the end of this
operation, the default consequence, previously inhibited in the virtual word, has

instead been replaced by one or many alternative effects.

In the first part of this section, we will explain the Ma®perator intergntion on

our highlevel events structure. Then, we will illustrate their use in our search
algorithm, while explaining the heuristics biasing our event modification search. In
the second part, we will explain the effect execution system in further details

Event Co-Occurrences 3
Modification and Execution Effect
Execution
7
CE Effect

ﬁ Distributiol
2 3 '
LY

CE
Meodification Transmission B
Causal Unformatting
\ Engine
5
Reception/\ CE

\\_/\ Transmission

Figure31: Event Ceoccurrences modification main cycles
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Macro-Operators

Once it receives a set of instantiated C
outcome by altering the effect field of the CE representattagu(e 32). The effect

field contains an action (e.g., shatteri
falling glass). This is why the Causal Engine can modify either the type of the action,

or the objects affeetl, or both. It does so by applying specific transformation
operators (calletlacro-Operatorsor MOp). The Macreoperators are a Knowledge

based structure, which operates transformations on an intercepted set of CE. The

Causal Engine proposes two main Mops
1 The Changebject MOp
1 The Changdffect MOp

TheChangeObjectMOp repl aces the CEG6s object wit
Its consequences are visible Bigure 32. The default object of the Breakrimpact

CE is the falling glass, which should shatter on landing. The Causal Engine intercepts

that event and substitutes theakonimpactobject with another one, which is a table
surface. As a result, the falliswfgcetwi nt |

shatter.

From the wuseros p e r sdgffectc dequenee, is distuped: nhe r ma |
triggering event of a given CE, in this case the glass falling on a fabler¢ 32-1),

will be followed, not byits default consequence (e.g. the falling glass breaking
(Figure32-2)), but by an alternative effect (e.g. a table surface being shattered instead

of the glass Kigure 32-3). This results in the table, rather than the glass, breaking
upon impact, even though it is by default the hardest obfégtie 32-4). From an

identical initial context, the same Char@bject MOp could havesaociated the

other glass pint rather than the glass to the CE effect.widusd haveresulted in the

nearby glass breaking without being directly hit
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CE (Intercepted):
Break-on-Impact (Glass#1, Table#1)
|

CE (Modified):
Break-on-Impact (Glass#1, Table#1)
|

Cause:
Triggers:

Conditions:

Hit(Glasst1, Table#1) <=~ {2).

Substance(Glass#1,FRAGILE)
Substance(Table#1,HARD)

Effect : _...--e--=""=--
s Structure(Glass#1 DAMAGED) |

-
......
-
Sy

Cause:

Triggers:
Hit(Glass#1, Table#1)

Conditions:
Substance(Glass#1,FRAGILE)
Substance(Table#1,HARD)

Effect -----------------------

|

Macro-Operator: @
Change-Object

Replaces original object
(Glass#1) by another capable
of being damaged (Table#1)
present in
the glass surrounding

Normal Action Intercepted Alternative Action Generated
(Glass breaks in parts after impact) (Table surface is cracked)

Figure32: Exampl e of appl!l i-Qbatei cotnoOpbfatatrhoe

(Creation of artificial ceoccurrencehere the table shattedninstead of the glass

breaking

Chai

This also illustrates the use of generic procedures for effects, which depend on generic

physical properties,

transformations. For

associated with specific animation visualising object
instance, the generic state DAMAGED is automatically

translated intshatteringwhen applied to a glass, while, when applied to the table on

which an object falls, it corresponds to ttrackingof the table surfacd={gure32-4).

Effect generation will be discussed in detail in the next section.

In a similar way, the&ChangeEffect MOp r epl aces the CEOSs

In our example, the default effecBreak of the Breakon-impact CE could be

replaced by thdilt effect. As a result, the falling pint lands on the table, is tilting and

consequently emptying its content on sheface of the table

As explained in the following section, transformations involving objects or effect

substtutions are based on semantic measures of action and object compatibility.
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Search Algorithm: Alternative Consequence Generation and Evaluation

From the modifications of an intercepted action, the Causal Engine generates
alternative consequences and estds their plausibility with regard to the normal
effects expected. As shown d&ilgure 33, simple variations of a single parameter,

c al ILevdl offPlausibility 6 supports the generation
which vary from normal to plausible, implausible or completely unrealistic effects.
We occasionally refer to this heuristic as thevel of Causality Disruptidnsince, in

a certain sense, it can also be considered as an amplitude of causality diatoetion

compared to realistic simulation.

=
'9_ | Glass should shatter after impact on table I
o
w pA
9 V INTERCEPTED ACTION
= EIS module recognised and
- INTERCEPTED intercepted default action
%, Action#1 consequence
e 2 ) MACRO-OPERATOR:
Change-Effect
1 INTERCEFTED GENERATED  GENERATED GENERATED Genera_te a population of
= Actionif1 Action#2  Action#3 Action#4 FESY actions supported by
& object
= @ MACRO-OPERATOR :
3 Change-Object
L GENERATED GENERATED GENERATED Change object by another
Action#5 Action#6 Action#7 one surrounding
objects

PLAUSIBILITY WEIGHT [0,1]

VALIDITY WEIGHT [0,1]
Action#1 Action#5 Action#2  Action#3 Action#6  Action#4  Action#7
pe. 10 - 01 = 06 = 04 = 08 = 03 = 06 _® COMPATIBILITY WEIGHT [0,1]
+

PROXIMITY WEIGHT [0,1]

—_ - _@ MODIFICATION SELECTION

R . . . Select actions sup or equal
 Actionff6 | Action#2  Action#7  Action#3  Action#4 Action#5 to the Level of Plausibility

0.6 0.6 0.5 0.3 01, chosen(in grey)
@ @ »

- REACTIVATED ACTION
. .
\ z * Level of Plausibility : X NO Selected consequences are

' "« forwarded to the EIS module
0.7 = Plausible effects 2 CAUSALITY »
FHERSEOwR | 4 ) | (0.0) 5 to be reactivated

ILSELECTIONI [ 3-EVALUATION l [

=

|_2
E
3
&
-

5-REACTIVATION

ass Breaks and
Table Cracks

Nearby Bottle Tilts Nearby Bottle Break Nearby glass is Emptied

Figure33: Level of Plausibilityand the Action Generation Algorithm
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The mechanism allowing such flexibility relies on a heuristic search executed by the
Causal Engine, when an actianprogress is intercepted by our EIS modigre
33-1). The search is based on three successive proc€sseation Evaluation and

Selection

1 The Generation phase (Figure 33-2) creates a collection of potential
consequences based on the population of objects surrounding the initial action
location. The algorithm successively applies a list of M&@perators on the
intercepted action. For our example, the algoritenusing two different MOPs:

Change- Effect andChange- Object .

As previously shownHigure32), those transformation operators create alternative
actions by directly modifying the EFFECT type or the object of thiorac
considered. Here,Change- Object replaces the Glass object instance
(Glass#1 ) by the Table instancel@ble#1 ), its closest object. Hence, if the

modified action is reactivated, the table will suffer damages instead of the glass.

In a similar fashionthe Change- Effect operator modifies the effect type of an
action, replacing the default effect by another one supported by the dhgpate(

33-3). For instance, the effect by which the structure of the glasanmged
(Structure (Glass#1, DAMAGED)) could be replaced by a simple change
in the gl aPogtion (@lassil, tTILTED (), or Movement
(Glass#1, REBOUNDS) ). The changeffect relies on a smakkcale effect
classification, pictured by the effect stasxdanomy below Kigure 34), which
contains the generic state effect applicable in the environment. As previously
explained, the 3D animation declared in those states could be customized at the
object level. The suessive combination of those two operators quickly generates

a large set of possible effects around the initial action.
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ROLL
Motion states
FALL

FLY

N

Figure34: Effect Animationstate taxonomy used by the CHANGH-FECT MOp.
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1 The Evaluation Phase:Once the bt of MOp has been executed, the collection of
actions generated during the previous phase is evaluated in terms of Plausibility.
As shown belowour system associates to each action a normaRtadsibility
weight, which is calculated from three heudstvalues namedValidity,
Compatibilityand Proximity Weight.

Plausibility Weight = Validity Weight + Compatibility Weight + Proximity Weight

1 The validity weight simply considers if a generated action is actually
applicable on an object by testing lifet object, previously substituted by
the MOp, satisfies the actionb6s cond
thatthe entire set of preonditions is satisfied. By contrast, a value of zero

means that no object properties can satisfy the preconditions.

1 The compatibility weightis computed using a matrix associating a
heuristic value to each possible combination of effect tifmpi(e35). For
instance, changing aMOVEMENT effect like Tilting by another
MOVEMENT effect like Sliding, appears a lot less disruptive than
replacing Tilting by aFUNCTION-type effect such as Emptying. The
Plausibility matrix has been initially established by identifying analogies
between potential consequences of a sample set of adtiamsubsequent
step, the weights associated to the matrix elements have been readjusted
according to feedback from preliminary user experiments discussed in the

next chapter.

1 TheProximity weightevaluated the spatial proximity of alternative events
re@r ding the original event 6s | ocatic
is also considerably influenced by the spatial contiguity ebamurring
events. Based on the principle that correlation between distant events is
less likely to induce Causal Pertiep, we have reinforced the plausibility
weight by spatial consideratisrusing a proximity weight. A spatial
weight valued at 0.0 correspasid ot h e origiha) pesitionfa yalue

of 1.0 represestthe farthest object.
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Modified
Effect Type

Original
Effect Type

POSITION
(P)

MOVEMENT
(M)

STRUCTURE
(S)

FUNCTION
(F)

POSITION
(P)

0.2

04

0.8

MOVEMENT
(M)

0.4

0.2

0.6

STRUCTURE
(s)

0.6

04

0.2

FUNCTION
(F)

0.2

0.2

0.8

0.2

0.0

Figure35: The Compatibility Matrix:

1.0

Intercepted-Effect :
[ STRUCTURE ( Glass#1, DAMAGED)]

A ™\

Compatibility( MOVEMENT, FUNCTION)=0.8

.
.

Modified-Effect ..~

[ FUNCTION ( Glass#2, EMPTYING)]

Note: It provides heuristics based on the difference in type between the original

1 In the Selectionprocess(Figure 33-5) our level of Plausibility isacting as a

effect and the modified one

threshold to guide the search process towards plausible or implausible

consequences according to its value. A level of Plausibility of 1.0 corresponds to

the default consequence, while a zero value represents a total absence of effect.

The posible alternative actions are then classified in decreasing order of their

Plausibility weight. As a first step, the process extracts the set of actions with a

value equal or superior to the chosen level. Then, for each object involved in this

pre-set; it @ts for actions closer to the desired plausibility level. Finally, the set of

selected actions will be forwarded to the EIS module to be reactikitpadd¢33-

6).

Figure33 shows some coccurrences generated by the Causal Engine for our "falling

gl as

s 0

exampl e,

for

di

fferent

tuni

ngs

of

configurations the falling glass will shatter on impact, but the system will generate

additional effects, resulting in some of the example associations depickeédua33

(for instance, the falling glass will shatter upon impact on the table, with additional

effects affecting one neighbouring objecty.e¢he cardboard menu falling). It should

t hus

be

not

ed

t hat

r eal

stic

effects

do

engine: they are still artificial effects created by the system, which are simply

plausible. Plausibility being defined dsetpreservation of basic physical mechanisms

f or mul

ated

by

our

CE Cat al

ogue

(t he

ori gi

still shatters) and certain physical compatibility in between effects type. The
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definition of implausible causality rests ahe creation of event emccurrences for
which no straightforward relations exist between events. For instance, upon impact of
the falling glass on the table, another glass will start emptying itself without its walls
being cracked or the glass tiltingadl.

Effect Reactivation

Once the Causal Engine has modified everb@murrences, the "reactivation” of their
new effects is in charge of the EIS module. The whole procedure is divided into four

main operations ():

1. CE Reception

2. CE Unformatting

3. CE Effect Distribution
4. CE Effect Generation

The CE Receptionprocessis an asynchronous processere the EIS Message
controller continuously receives and stores datagram coming from the Causal Engine
in a FIFO stack. In opposition, the Event Controller willeeiheCE Un-Formatting

phasé? right after the CE Transmission Phase (described in the Event Recognition
and inhibition cycles)During this phase, the list of received CE is copied and un

serialised into proper CE structures. Once the entire set of QBfesmatted, the

2 Notes:

The CE UnFormatting and Reactivation Process are dissociated to trigger sets of alternative effects
during the exact same cycle. This is relevant when the Causal Engine produced more than one effect
for the alternative consequence of one eventhsscthe glass breaking and the menu beside it tilting
after the glasgable impact event). A gap of two B& between two effects, which are supposed to be
simultaneous, could create a noticeable interval between them. This could considerably affect the
useld sausal impression as the two effects could be perceived as successive, and therefore probably
interpreted as another causal chain, the first effect causing the second effect. The separation-of the un
formatting and reactivation process and the presence of similargiamap on simultaneous effect

prevent such side effect.
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Event Controller immediately launchtétee CE Distribution process In this step, the
modified effects and their arguments are extracted from the CE structure to be
converted into an Unreal script state name, object references and vaiilel&s/ent
controller requests virtual object instances referenced in the&ftegt field to enter
into the corresponding Unreal state, which contains a procedural description of the 3D
animation to execute. THeE effect Generationis then handled at thértual object

instance level.

In our system, effects are implemented at the class level in terms of object state. This
programming approach within an objextented scripting language allows an explicit

and generic description of a large population dfeas while leaves their
implementation details at the class level. Moreover, The Unreal script native features
facilitate and encourage states programming and overloading. The code snippet
demonstrates the implementation of a generic DAMAGED effect asggal script

state. This state comprises three operations:
1. It updates the semantic representation of the objeigufe36-1)
2. It executes animation functiqiigure36-2)

3. At the end, it automatically redirects to the object to its EVENT
INTERCEPTION stateRigure36-3)

state DAMAGED
{
begin:
SetEntityState (=2elf, 5T DAMAGED, true)

self.ANT EXPLOSICH (trune, true) ;
end:
self.gotostate ("EVENT INTERCEFTION')

OEO—

Figure36: Example of an effect implementatioNote: the ani_explosion function

is overridden in child class

Our implementation consists of a predefined list of Unreal scrip state declarations
(such as the one presentedrogure 36 above) member of the object root class of our

EIS Framework. Bch effect state is associated with an explicit update of the object's
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semantic propertiesSetEntityState (self, ST_DAMAGED )) which update

the semantic representation of the object, and therefore supports future recognition or
potential application of @on with this particular object instance .

An EFFECT state can be rather complex and involves a cycle of multiple type
animation procedures. The complexity of the effect depends on its local

implementation at the object class level. For instance, a aaolex pint breaking do

not use the same animation primitives (particle emission versus texture change). The

secondrigure37i | l ustrates for a <kphogdoe aenfi fmedti om

can be customised #ie object class level, by a simple variable initialisation in the
default properties of oPINT_GLASS Unrealscript class. In this case, the variable is
pointing on a particle system responsible of the glass fragment aninfatomne37).

At the end of theCE Distribution process the Event Controller waits for another
BasicEvent sampling timw elapse before fstarting the overall cycle.

T
simulated function bool ANI EXPLOSION (optional bool bNotHide,

eptional beool blNotdestroy,
optional bool bNotUncollide)
{

CreateEBxplosionParticle (self,self . ExplosionParticleclass) ;
if { |bNothide) HideEntity (self, bNotUncollide) ;
if { lbNotdestroy) self.destrovi);

return true:;

}

\d

*
*E1S_PINT_GLASS.UC

defaultproperties
= {

v

ExplosionParticleclass=class 'EIS NEW TEST TRANSPARENT GLASS PARTICLE'

Figure37: Example of generic effect amiation procedure
( Not es: The class AEI'S PI NT_ _GLASSO

obj
system to spawn, the ABREAKO stat e,

and
to any object).
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System Performances

Causal Perception Determinant: System Response time

A first evaluation of the system performance consisted in comparing its response time

with data from psychological literature. According to psychological literature, there

exists a minimum delay between two consecutive events for these to elicit Causal
Percegion. In the original experiments from Michotte (1963), events delayed by more

than 150 ms progressively ceased to be perceived as causally linked. Buehner and
May (2003b) contrasted i iomooreedseqaanaes Thand i
average respongei me on i mmedi ate pairings was fl
assessed actiesutcomes contingencies under such a schedule accurately. When
interpreting Michottestyle launching events, Kruschke and Fragassi (1996)
considered that motioampliation (considered to account for causal impressions in

Mi chotteds theory) took place within a cr
Fugelsang et al (2005a, 2005b) also confirmed the strong status of these
spatiotemporal factors. This research demonhsgad t h a't Al aunching
containing temporal gap over 330 ms, or spatial gap superior to 1.2 cm, respectively
elicited causal impression only on 4.2 % and 10.4 % of the trials. Such extreme
temporal and spatial setting successfully eliminated iteression of causality.
Conversely, ot her movies that representec
extremely high rate of causal impression (95.8%nverall, the system performance

is in line with its initial design constraints, which ingeal a response time below a
threshold of 150 ms. With a population of 100 objects and 30 actions, the action
recognition and reactivation process ishiaved between 40 ms and 60 ms.
Mearwhile, the action modification process is executed in a range of din2&-60

ms. Our tests have shown the overall response time to be on averHi@ 19G.

Thisdata suggest hat the systemdés response time i
psychological literature: consequently, the-ammurrences generated should be
perceived by the vast majority of subjects as sufficiently close to induce Causal
Perception. There is no indication as to how the system shouldugcate more

complex environments. However, Causal Perception can only take place within the
focus of attenon of the user, which somehow suggests an upper bound on the

environment6s compl exity.
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Alternative Event Generation: Level of Causality Disruption

The combination of Common sense physical causality representation, event
interception and heuristic searctropides an original approach that allows a
systematic exploration of an event -eocurrence transformation spac&he

innovative aspect of our system lies in the possibility of adjusting dynamically the
plausibility of an ac ble vatmodt speafying mantallyu si ng
the consequences of a given action in a given context. The actual generatien of co
occurrences is thus dynamic and contspendant leading to the production of

variable effects (in both nature and order) for each userleMat of Plausibility is

one essential aspect of the system as it allows exploring different amplitudes of
causality disruption, and so tadighfeyelr ogr am

concept (i.e. our level of plausibility)

Conclusion

In condusion, the system performances satisfied Causal Perception determinants, and
its design allows to control the amplitude of the physical causality modification based
on generic principles.é. Level of Plausibility However, the capacity of the system

to elicit Causal Perception from alternative physical causality needs now to be
properly experimented with user studies. Consequently, the following chapter
describes different user experimentations within the system. Our first
experimentations will study cgal impressions left on users while facing such
alternative physical causality. Our main intention with these experiments is to

evaluate the role of pure realistic evertomzurrence against causalitiducing ones.
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CHAPTER 4: EXPERIMENTING ALTERN ATIVE CAUSALITY

Introduction

In this Chapter, we describe a set of user experimentations, through which we
evaluated the central hypothesis of the thddig: capacity to elicit Causal Perception

from alternative physical coccurrence The system described @hapter3 has been

used to create a rehlksdienvirooméntwor wid
differ from our everyday reality. Two main experiments have been realised within this

environment, and the aim of the chapter is to discuss theircptstand results.

Hypothesis and Methodology

Previous research in the psychology of Causal Perception has shown that temporal
and spatial contiguity plays a pivotal role in human causal induction. We have
constructed our i Ca u s ankrationl pfingigels arauad thisy p ot h
assumption. The experiments described here, aimed at an empiric proof that
contiguity-bias may overide highlevel considerations of causal mechanism, and

consequently sustain the illusion of Causality

Therefore, in the flowing experimentations, we investigated the creation of causal
impressions from artificially generated -oocurrences. We posit that alternative
physical eventoncurrences generated by our system, based on cognitive data and
action analogy, will elicit Causal Perception on the user. Both experimental
environments rely on our heuristic search to create alternative consequences to user
initiated actions. These experiments attempted to measure the causal relation
attributed or not by subject by analysingithtextual descriptions of virtual scenes
displaying Alternative Causality. The difficulty to extract evidence of causal

attribution from textual description is also discussed in this section.

Prior to the description of our experimentations, we reviesvipus work on Causal
Perception in the field of interactive systentollowing this we explain our
experimentation settings and results; both experiments propose different types of user
interactions and environments. The second experiment completesstitis obtained

from the first one, and includes an improved experimental protocol and result analysis
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Related Work

The study of Causal Perception constitutes an important topic not only for cognitive
psychology, but for a variety of Hum&omputer Inteiace systems, as a better
understanding of Causal Perception has implications for user interfaces (Ware et al.,
1999; Besnard et al., 2004),or even knowleldgsed systems as event structure plays

an important role in knowledge representation (Zacks & Sksgr 2001). Yet, while a
number of psychological phenomena have been studied in relation to Virtual Reality
(VR), very little work has been specifically dedicated to Causal Perception (despite its
strong influence on human interaction). The only spesificlies of techniques for
enforcing causality have taken place in distributed virtual environments (see e.g.
(Roberts & Sharkey, 1997)), and have investigated the correct propagation of
consequences, rather than the fundamental determinants of Causati®erenly
recently, Causal Perception has become a popular research topic for a variety of
graphic interface systems, as the understanding of Causal Perception has potential to
develop better visualisation syster(M/are et al., 1999\and animation systesn
(O'Sullivan & Dingliana, 2001; O'Sullivan, 2005; O'Sullivan et al., 20R&tsma &
O'Sullivan, 2008).

Dingliana's psychological experiments (2001, 2003) demonstrated that believable
reattime physics simulation should imperatively preserve a usenssalty

perception Figure 38). They argued that such system should therefore implement a
collision-handling process automatically interrupted beyond a 10H6ms delay

after collision. This data is corroboratifdjichotte's early experimental studies, and
evidences the potential of perceptualyaptive simulation for interactive systems. In

more recent research, O'Sullivan (2005) added that the degattemtion (Scholl &

Nakayama, 2002gs well as the naturd the dynamic event, also play a role in its
believability. Reitsma & O'Sullivan (2008) compared perceptual sensitivity in
physical simulations in both realistic and abstract settings. In both types of
environment, participants are predominantly affectgedpgmtiotemporal errors in rigid

body collisions. Spati al gap and del ay <co
plausibility. To a certain extent, their results in 3D realistic environment corroborate
Michotte's observation in 2D symbolic displayd G ul | i van & Lee (2004
on the user prediction of collision trajectories, using computer graphics models of

pool tables. The only specific work on the visualisation of causal relations is that of
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Ware et al. (1999), which however only addredsesdimensional, nofinteractive

visualisation.

(a) (b)

Figure38: Example of Causal Perception Experiments

Notes: Sreenshots of causal event anith path of the object shows in red
(striking) and blue (strucklrigures reproducedith permissiof r om O6 Sul i van
studi es ( O0f;ReittmavkaiBullivén0200EB)

In the field of cognitive psychology, Causal Perception studies have been carried out
using simplified and nceinteractive 2D display (Scholl, 2007; Fugelsang et al.,
2005a;Roser et al., 2005; Scholl, 2007; Leslie, 1982, 1984, 1988; Leslie & Keeble,
1987; Oakes & Cohen, 1990; Oakes, 1994; Choi & Scholl, 2006b). One notable
exception has been the research of Wolff and his collaborators (Wolff & Zettegren,
2002; Wolff, 2003,2007) which has made extensive use of 3D animations to elicit
Causal Perception in subjects watching th&mure 39), mostly, in order to analyse
causal vocabulary. However, these animations weramteractive which means that

their content had to be entirely scripted in advance, and did not investigate Causal

Perception in response to events initiated by the user.
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Helicopter and landing pad Boat and cone

Figure39: 3D animations used in Causal judgment stuqrgures reprducedwith
permission from Wolff (2002, 2007)

PRELIMINARY EXPERIMENTATIONT A The Falling Gl assbo

In this experiment, the setting consistdda table supporting several objects, which
were two glasses and a cardboard menu (see figure below). The userssirected

to grasp one of the glasses, lift it above the table, and then drop it so it would fall
vertically on the table. The default effect, the one that would be obtained through a

realistic physical simulation, consists for the glass to shatter jpacim

However, in this experiment, the Causal Engine was parameterised so as to create an
alternative plausible consequence to the glass shattering, involving the other objects
standing on the table (and the table itself). More specifically, upon ingbatie
dropped glass on the table this can result in the following effects taking place, instead
of the shattering of the glass: the cardboard menu falls; the nearby glass tilts over,
spilling its contents; the tables surface cracks; the nearby glassrshatd-igure

40).

Generation of Object Behaviour

The whole experimentation is backboned by our Artificial Causality VR system,
which will create the different consequences to our falling glass action accaoding t
the event location and surrounding context. As previously described, the system is
composed of three main components (please refer to the implementation chapter
(Chapter 3) dr further details)

CHAPTER 4EXPERIMENTING ALTERNATIVE CAUSALITY Pagel00



1 A Game Engine (Unreal Game Engine) for visualization, aufissn and physical
simulation.

1 An Event Interception System for the recognition of default consequence, and
their inhibition.

1 A Causal Engineresponsible of the alternative consequence generation using a

heuristic search process inspired from sedase planning.

UT Visualisation Engine
User Action ( Drop Glass over Table) C-Falling Glass Tilts

~fIB-Other Glass “ii,
Breaks

Pint hits Table

............................

UbP IUDP |
Frozen Event Consequences Alternative Event Consequences
( Causal Engine )

Figure40: Possible alternative effects gene

Note: Theuser would normally expect glass to shatter upon the impact after a nearly
onemeter fall. However, our system produced alternativeitod&fault behaviour:

A) We substituted the object to be damaged while the glass is slightly bouncing of the table, the
table is cracked around the impact point.

B) Another substitution, with the shattering of another glass (than the one falling) situated arou
the impact point.

C) A substitution and modification of the nature of the effect, this time the menu is tilting upon the
impact.

D) As for c) but this time, the other pint (standing on the table before the impact) is tilted after the

impact.
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Experimental Potocol and Settings

Thirty-three subjects took part in this experiment. Subjects were facing-stHh8
screen from a distance of -8® cm. The corresponding field of vision in the virtual

environment was approximately 80 degrees.

After being explained # basic interaction mechanisms for grasping, lifting, and
dropping objects in a similar environment, subjects were given instructions for the
task they had to carry out. Subjects were instructed to repeat the task four times on
four different tables and tgive a short textual explanation of what they observed
after each repetition of the task. In addition, at the end of the experiment they were
asked to identify the topic, which best described the subject of the experiment in a

multiple-choice question beten:

a. Physics
b. Causes and effects

c. Interacting with objects

Results and Discussion

As an outcome of this first experiment, 80% of subjects identified causes and effects

as the main topic of the experiment. When we analysed the textual descriptions
provided,we encountered explicit causal descriptions of the phenomena observed,

s u ¢ hsears to fiave caused the other pint to fall dowas & consequence, the

menu fell off the table , cauBed glass nearby to tip over and spill its contents et c .
Several sulgicts perceived a causal link betweerocourring events, but provided in

addition mechanistic explanations, such as the fact that vibrations accounted for the
perceived causality. This was in particular the case for two cases of-agtcmme:

thefald t he cardboard menu from the tabl e (
the vibrations of the tabled) and the til
the falling glass on the table (Athe vib
the second glass present on the tableo).
Perceptions to mechanistic explanations (Scholltman, 199®se results confirm

the existence of Causal Perception in these experiments. However, in this experiment

it proved difficult to derive quantitative measures from the textual descriptions given,
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as a significant proportion of subjects failed to give explanations at all, limiting

themselves to a mere description of events.

ADDITIONAL EXPERIMENTATIONS i iThe PoolTabled

In this experiment, the virtual environment consisted in a set of pool tédntes
implicit tribute to Michotte)each supporting several objects on the front edge of the
pool table. These were a lightened candle, a glass and a bottle. A poolasticksw
positioned vertically against one of the sides of the pool tabld=(gase42).

The subjects were presented with the following task, which consisted in trying to
strike the red ball with the cue ball, la§g one rebound on the front cushion. For each
pool table, the impact of the cue ball on the cushion creates a bouncing event that is
the main target for our alternative causal simulation. This event has an action part,
which is the impact and an effectrpavhich is the new motion of the ball. In this
experiment, alternative effects were propagated to the nearby objects by the Causal

Engine, creating artificial coccurrences

Generation of Object Behaviour

Al previously described; our Alternative Causaltystem Figure41) is composed of

three main components (please refer to the implementation chapter for further details)

1 A Game Engine (Unreal Game Engine) for visualization, interaction and physical
simulation.

1 An Event Interception System for the recognition of default consequence, and
their inhibition.

1 A Causal Engine: responsible of the alternative consequence generation using a
technique inspired from searblased planning relying on specific action

alteraton operator, named Macuaperator.
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Figure4l: System Architecture and Event Interception

In this experiment, these effects are chosen by the Causal Engine according to the
event contet, andin order to maximize the elicitatiorf €ausal Perception between

the balls impact and the additional physical effects generated. In example of
alternative effects that have been triggered to the various objects is illustrated by the
Figure40 below: the candle can either fall or be blown off, and the glass (and bottle)

can either fall or shatter. In addition, the pool stick leaning against the border can fall

to the ground.

A-Candle Falls ~ User Action (Launch Cue Ball) C-Glass Breaks

Figure42: Experiment B- Alternative Effectsforh e A Bouncing Cue Be
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Experimental Protocol and Settings

We carried the experiment with twerttyree subjects who were facing an-ithi8h
screen from a distance of -8® cm. The corresponding field of vision in the virtual
environment was approximately 8@grees. There was virtually no overlap with the
subject population of the previous experiment

For each experiment, the subjects where this time instructed to give a free text
explanation of the events immediately after each try. Once again, the iosisuitl

not contain any mention of cause, causality, etc. or what the experiment was about.
Each subject has to repeat this task four times, on four different pod, eduté with

its own disposition of the red ball and cue ball, but an identicaluiinef objects
standing on the borderThe position from which they could shoot was also
constrained so that their viewpoint on events would be largely identical across
experiments. The respective positions of the two balls was modified in the four pool
tables so as to force the rebound to take place next to different objects on the cushion,
assuming the right aiming angle was taken. Aiming was taking place, like in most
computer pool games, by pointing at the cue ball with the mouse pointer. Subjects
were alowed to practice this skill on a dedicated table prior to the experiment so as to
familiarise themselves with the interface. The force with which the cue ball could be
struck was left constant and not controllable by the user, as distances from the balls

the front edge did not vary from table to table.

At the end of the experiment, they were asked again to identify what in their view had

been the topic of the experiment using the same multhuéce question as above.

In addition, each subject was adkafter completion of the four trials, to identify the

subject of the experiment amatg

a) Causality (Acauses and effectso)
b) Physicsand

c) Interaction with objects.
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Results and Discussion

Analysis of Causal Descriptions

AThe white ball i1 mpact to the top cuj
ARThe ®dsal hi tw, mi ssing the red ball, tn
AThis is caused by the impact of the
AThe bottle fell off because the cue

=1}

The force brought by the white ball

Example of Textual descriptions given by participants

The interpretation of free text descriptions is faced with several difficulties. The
method we decided to use consisted in counting for each explanation the occurrences
of causal vocabularyThe method wedecided to use consists in analysing each
individual explanation for causal expressions corresponding to linguistic descriptions
identified by Wolff (2003). We considered each explanation that included such
expressions as a causal explanation, regardfebe mumber of occurrences of causal

expressions in the explanation.

We have applied this method in a rather conservative way, preferring to underestimate
Causal Perception rather than cestimate it. For instance, we discarded statements
s u ¢ htheddal hitithe border, the beer bottle tiltedd whi ch i s actual

of the ceoccurrence itself that may or may not intend to convey a causal content.

We have retained the following expressions as causal:

1 Use of explicit causal vocabularf i c & 8 0 , Acausingo, ifcause

caused a pool cue to fall over o0,Atmm[eé]

glass fell and smashed causing the bottle to fall®oyey | ass shattered

candle to fall/l overo.

1 Expressions introduced b y i b e goeovidece they included an action

BN

description (suchas hi t , 6 fAstr gked,n iithehottiectdbdiits e 0

because the cue ball is hitting the cushion dardw i | | be considered

n o the ghass broke because | aimedtat i
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T Any expression swhlras NAmaKerN Vo, an ex
and V stands for a verb indicating motion transfer or change of state (the effect),
suchasif al | o, A mrdivoe ce,a kiot, i dittsoth a tFtoa theifonce t anc e
broughtby the white ball made the empty glass fall dawn

1 Action verbsr el ati ng an agent object to a pa
created extinguished the flame, o0 fAthe f
the side of the table, o0 etc.

1 Lexical causatives(verbs that allow speakers to describe a causal situation in a
single clause, as listed in (Wolff, 2003), eigwhen dr oppi ng t he gl
the other glass along the tabl eo

1 Two-argument activity verbs (also listed in (Wolff, 2003)) whenever their
efffects are also mentioned (to overcome
followingi gl ass shattered alismh eknn ada koiprpg noga rt ch
it broke and the pieces hit the candl e

O = N WO o 00 O N O

Number of Causal Explanations

Figure43: Frequency of causal explanation by subject.
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Figure44: Occurrences of causal descriptions in textual explanations.

We wused a concordance software (ASimple
Reed) to analyse the textual deptians. This program provides a list of vocabulary

and supports Akeyword in contexto analys
occurrence of causal vocabulary as described above, and verified using a keyword in
context analysis that these occurrencesawndeed part of causal explanations. When
counting occurrences of the causal expressions identified above, we obtained a total

of 49 occurrences over t he caug®p uasn d( offt ow
caus® ) . Thi s suggest s thosh short textoahexpanadonsantpkee, 5 3
use of causal vocabularyFigure 44). Overall, 73.9% of subjects used a causal

explanation at least once.

Results are presented Bigure43 andFigure44. The former (i.eFigure43) plots the

distribution of subjects as a function of the number of causal explanations produced in

the course of the expgerent. Overall, 71% of subjects have produced two or more

causal explanations for the four trials. This has to be interpreted considering that, we

have taken a conservative approach to textual interpretation, preferring te under
estimate the number of calsexplanations. In terms of identification of the
experi ment subject, 85% of subjects recoc
subject of this experimenEigure45). These results suggest that the generatiao-of
occurrences by the Causal Engine actually induces a high level of Causal Perception

in the test subjects.
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Figure45: Subject identification of experiment topic.

Conclusions

In this section, we described the user experimemshawve carried out in order to
evaluate the ability of our system to elicit causal impression from alternative event co
occurrences. The system responds to user interactions by generating effects that
depart from the common sense experience of physicalt®verhile preserving a
certain #Aillusion of Causality. o Nearly
relation between the action they initiated and the alternative consequences they
observed later onTo a certain extent, the results presented hemolmorate recent
proposals for a bottorp contiguity basis for causal relation identification. When two
events ceoccurred, the sequence had strong causal appeal, even in those cases where
there was no plausible causal mechanism linking the events. @hisneed our
Alternative Causality hypothesis and generation principles. The next chapter will
demonstrate the practical applications 0
regarding the conception of alternative reality environments. We will disbiss t

novel approach for VR behaviour conception and simulation, as well as its potential to

support fundamental cognitive studies
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CHAPTER 5: ALTERNATI VE CAUSALITY AND
VIRTUAL REALITY ART

Introduction

In this chapter, we illustrate how a cognitive coricepusality, can be used for the
conceptual underpinning of Virtual Reality Art installations. Causality plays an
important role in our construction of reality (s€bapter 2), and, as such, it makes
sense to use it as a principle to define VR experieridass, as one of the essential
concepts of our experience, Causality can be a direct part of the artistic reflection
(Satg 2001). Causalitycan also be the mode of description of dynamic behaviours

t hat are meant to el i gpertenca Inbathrcases)we wani n d
to demonstrate that causality can be directly manipulated as part of VR systems and as
such, it could constitute a knowledtpvel formalism to express artistic intentions,
while at the same time providing a direct rowtetheir implementations.

In this thesis, we presented a VR system using cognitive data on Causal Perception to
create artificial event coccurrences, which can be perceived as possible outcomes
for user actions or object interactions. Based on thismaygtes chapter introduces a
novel approach to the creation of Virtual Reality, which supports the design of
alternative worlds, where laws of causality can be redefined (i.e. distorted)-n real
time to induce new user experiences. After preliminary vidida of this technology

by user experiments, our Alternative Causality system has been further utilised to
implement prototypes of artistic VR installations developed incdRe. In the first
section of this chapter, we review previous VR Arts and tledation to causality to
create experiences that produce immersion into alternative réaltgwing this we
present both artistic installations developed, as well the authoring tools that have
supported their development. We will also discuss the driistpressions before
concluding on the perspective of such cognitrased Al approach to create VR

experiences.
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Virtual Reality Art and Alternative Reality

Virtual Reality Art offers many possibilities to create experiences that produce an
illusion of realism or from a different perspective, an immersion into fantasy worlds

and alternative realities (Grau, 2003). In that sense, there is a tradition in VR Art to
construct alternati ve Osmos8l edvsonmeet (Davies,i n Ch
1995) orEphémeré” (Davies, 1995, 1998, 1999, 200F)iqure46) , Loui s Bec
artificial creature ( Bec, 1991) , or Ma u
Reality Art is at the forefront of Digital Arts, as it explores wabkaesthetics, the
construction of alternative universes as well as user interactive experiences. To that
extent, the notion of alternative reality

of Tim Leary (i.e. "VR as Reality distortion").

Figure46: Char Davies, Forest Stream and Seed, from Ephémeére, U&fg8mage:
Char DaviesForest StreamEphémeére (1998). Digital still captured in rdahe
through HMD during live performance of immersive virtual reality environment

EphémeéreRight Image:Char Davies.SeedsEphémeére (1998). Digital still
captured in reatime through HMD during live performance of immersive virtual

reality environment Ephémére
Figures reproduced with permission

It is worth investigating the extent to whichetlAlternative Reality concept has been
addressed in Digital Arts. In particular, we are looking for explicit references, both in

the Art Wor ks and their aut horsodo statenmn
underlying reality as we know it, and/or the udecausality explicitly mentioned in

Digital Art.
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We were actually able to identify in recent work such explicit notions. In the

following sections, we shall discuss:

f The QuarxsE by Maurice Benayoun, exp

physics (and alternative physics)

T The AAmplitude of Chanceo, a collec
Kawasaki (2001), explicitly addressing causality

Physics as an Inspiration inDigit Arts: The Quar xseE

The animation series The QuarxseE, by Mau
best, if the only, example of digital creation featuring alternative reality in the sense

we use it in this project. Aeintstudygieeba t he C
clear indication of what can be pursued in this direction.

The QuarxsE are creatures whose definit.,i
real i ty/ physics t hey ar e bendingi meo vio
Quar xs E wo udddest ltase far thg amplementation of the techniques

supporting alternative reality.

The or i gilnttelbegibning, &6d made amistéke) I ntr oduces QL
as invisible entities embodied as living forms, whose existence explains the multiple

odd phenomena encountered in our everyday life. This is the reason why Quarxs are
featured in everyday environments, such as kitchen sinks, etc., archives and
laboratories. Each Quarx explains a particular phenomenon: why we cannot find
everyday utensils wherwe last left them, why is water from the tap cold when we

would expect it warm, etc. In any case, the definition of a Quarx, its very nature, is the
physical law it is bending, in mechanics or thermodynamics. The fact that these laws

are not expressedrmally but rather as everyday physics is not relevant at this stage

(and even more compatible with quative physics approaches). More than 10
QuarxsE have Dbeen described and the phe
different areas of physics, which in its own way constitutes a precursor work in

alternative physics. A simple description of some of the & x s E | wi t h t
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characteristic behaviour will summarise better than any other analysis their conceptual
connection to alternative phystts

1 The Spatio Striata (Figure 47) appears as a discontinous entity, whish
absent of certain regions ofletsfalkece/ t i r
a closer look at this phenomenon. For the spatio striata, the world is traversed

by spatial slices or portions, within

Figure47: Spatio Striata quarxs © Maurice Benayoun ané Productions1991-
1993 (Figure reproducewith permission

1 TheReverso Chronocycli(Figure4d8) causes time to fl ow i

environment it evives.

Figure48: The Reverso Chronocycli quarxs© Maurice Benayoun afl Z

Production4991-1993(Figure reproducedvith permission

13 We have retained the namesdaspelling of the English brief for the series, courtesy of Maurice
Benayoun.
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1 TheSpiro Thermophage(Figure49) inhabits pips and is the explanation for
sudden variations in the temperature of tap wéidy nerves were completely
shattered Four different plumbers had already been in, but they were too
stupid to understand what was going on. Yet the clues were building up
stealily. Today | have tangible, irrefutable proof. The pipes are inhabited.
Look at this unique document. Breathtaking

Figure49: The Spiro Thermophage quarxs© Maurice Benayoun a#d Z
Productionsl991-1993(Figure reproducedvith permission)

1 The Albertus Morphoconfusans alters the phase of any matter it comes in
contact with, causing him to walk (crawl) on water as much as it swims

through marbl e €

Causality in Digital Arts: The Amplitude of Chance

The collective exhibitiorAmplitude of Chance: the Horizon of Occurrenteld in
Kawasaki, Japan, in 2001 is one illustration of the reflection on causality in our
experience of the world. The exhibition as a whole was based on a brief asking
various artists to explore the notions ofanbe and randomness (Sato & Makiura,
2001).

In the critical introduction to the exhibition volume, they introduce the relationship

between experience and the attribution of causality:
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Our experience and perception looks for the consistency of a cause and

effect relationship, namely causality. In the case where that consistency

fits in well with our actual experience, the concept of causality remains

valid. For example, Il et us | ook at mat ¢
it another way, doubts have ariseegarding whether cause and effect are

so firmly connected the aspect that has most vigorously explained the

world in terms of causality. [ €] But i
indeed that this doubt has come out in the world of physics, where
occurrences have always been described in the most definite and
qualitativé® way (Sato & Makiura, 2001).

Later we find the following arguments on the formation of causal chains from

contiguity relations, as a support for experience:

One more necessary alent of causality is continuity of things across time

and space, what we <call Acausal chaino
at a certain time or position, the contiguity relationship (as the previous and
following/the before and after relationship) jeined by a causal chain
because it i s continuous. [ é] However
experiential concept. In other words, we can be the frame, which maintains
continuity through our experiences in a given ran@ato & Makiura,

2001).

One of the dists taking part in the exhibition, Kenichiro Kawamura, elaborates on
the notion of contingency (a weaker relation than causality, which often tends to

support causal interpretation in humans), defined as:

I n AGuzensei no Mondai oncy) Shuzem KuRir ob |l em
describes this (contingency) appropri a

heterogeneous cause and effect relatior

For the emergence of our experiences:

4 Emphasis ours.
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To question contingency is to question our bodies, which are at the centre of
our expe i ences. [ é] the contingency of th

reality.

In conclusion, what in these statements remains at the level of critical analysis or ad
hoc development (when artistic installations are concerned), we could try to render
operativefor the production of artistic content through the development of alternative

reality technologies relying on Alternative Causality.

Causality in VR Art Installations

I n an artistic context, causal i mpressi C
expei ence. The difficulty I|ies in being abl
artistic intentions: this requires mechanisms for the explicit handling of causality,

such as those provided by our Causal Engine. In this section, we describe how our
sysem was used in the devel ofgo&eotGraphfes t wo a
(artist: Al ok Nandi) and AiGyre and Gi mbl
environments exploited the Causal Engine features to modify causality-tmmealn

the first part of this section, we briefly describe the immersive VR installation chosen

and its integration within our Alternative Causality Engine. Then, we illustrate the

system behaviour and authoring with the two VR Artistic briefs developed.

The VR Pldbrm and Alternative Causality Engine

The VR platform should support immersive visualisation as required by VR Art

i nstal |l at Hikesystems©ffelVsEvEral advantages in terms of visualisation
quality, user interaction, user and audience participation. For all these reasons, we
selecteth CAVIKeEPGbased system, the SMlIS3xBubekE,
metre immersive display powered by a PC cluster and supporting stereoscopic images

through the use of shutter glasség(re50).

The Unrealgame engine upon which our Alternative Causality engine has been
integrated, has been previously ported t
system (CruzNeira et al., 1993; Jacobson 2002, 2003; Jacobson & Hwang, 2002). We

have extended their original systeémsupport stereoscopic displays, interaction and

animation synchronisation (Cavazza et al., 2004b).
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Figure50: The SASCube installation in France running one of our artistic

installations Ego.Geo.Graphigs

The software ardtecture fFigure 5) also integrates our additional software layer, the
Causal Engine, on top of the visualisation system. As explained in previous chapters,
the Causal Engine overrides part of the native Physics engine to support the definition
of new wotd behaviours, namely the principled generation of everdcooirrences.

As described inChapter 3, it intercepts frozen event consequences and reactive
alternative consequences, using our specific event interception system (EIS), which is

directly embedde within the visualisation engine (UT Engine).

In a planning searelke process, the Causal Engine generates possible sets of
transformations of one intercepted event, by using a special operator, called Macro
operator or MOPs. At the end of the searttte sets of possible alterations are
classified from the fimost pl aumnporiedsd t o
heuristics normalised between zero and one. The heuristic search is based on
cognitive factors of Causal Perception, reinforced lyilarity considerations
between expected and alternative effect types considered. Among these alternatives,
the Causal Engine will select the ones below a certain range of "Plausibiity"
matter of clarity, we sometime refer to the level of Plausjbds level of Causality
Disruption, as it can also be consideredhesamplitude of the causality distortion

We have developed interfaces to allow the artists to visualise and control the Causal
Engines search process. These interfaces as well as therimgtprocess are

described in the following section.
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Figure51: System architecture together with a view from one of our artistic

installation.

Authoring of Alternative Causality

As explained in previous chapters, the Causabiie coupled with the EIS
dynamically redefines the behaviours of virtual actors. We have developed interfaces
to allow the artists to author and control Alternative Causality in a seamless way. As
illustrated inFigure 52 below, the whole authoring process is constituted of three

main phases: i) Causality definition, ii) implementation and iii) alteration settings.

The EIS proposed a graphical interface to program Chftfset Action that defines
the causality othe environment as well as the associating semantic properties to the
object. In its side, the Causal Engine interface provides tools to set up the level of

causality disruption and the list of Maeoperators to use.
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Figure52: Alternative Causality authoring processes and tools.
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In our system, event causality is expressed in a declarative form, with formalism that
is accessible to a neviR Expert. However, this unusual approach requests a
particular authoring process drtools. The first phase consists of defining the
Anor mal 6 causality in the wo-cooaturrendea t

following our formalism, and associating semantic properties to object to enable their

co

instantiations. We use the teddormalCausalityt o ref er to the fAbas

usually representing our common sense physics apprehension. In other words, it
represents the everyday physics principles that we use to plan and predict object

interactions.

As previously presented, in ofiormalism, these naive causal-@ocurrences are
symbolically expressed with aggregation of predicates into an explicit Candes
Effect structure, referencing abstract categories of object types, physical and
functional states and attributes. Objectsiastic properties are described using three
main categories of attributeEYPE STATESandPROPERTIES

1 TYPE identifies the generic categories of an entity (©BJECT, AGENT)
reinforced with subdype (e.g ARTIFACT, DEVICE, SOURCE, FLOW,
SURFACE Here, we will not discuss the veracity of these types, as their
primary function is to refine and accelerate the action recognition process.

1 STATES represents formal, structural, material, kinematics or functional
states, subdivided iMOTION, STRUCTURE, FUNCTION, POSITION
categories.

1 PROPERTIES represents formal, structural, material, kinematics or
functional properties: refined into many attribute qualities such as
HARDNESS, SHAPE, DIMENSION, MASS type.

The system presents more than two hundred semanticutds and our tesied
environments included between-80 actions (i.e. physical event-ogcurrences)).
This constitutes a significant l i brary
actions, or objects that could be instantlyused in futureenvironments. Obviously,

the establishment of causal-cocurrence is the most demanding task and requires
certain knowledge of Al representations. However, our system benefits from a library
of preexisting ceoccurrences, and its explicit declarativernio makes it

understanding straightforward
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Once a set of coccurrences is defined, their integration in a VR environment is
assisted by the EIS graphical user interface. As the EIS is embedded into the Unreal
Game engine, its interface is directly acdass from the visualisation engine
interface (se&igure53).

GOULUE_EXIT_VORTEX

1-CE Start 3-Cenditions

GOULUE_ENTER_VORTEX
SOULUE_EXIT _VORTEX

GOULUE_EXIT VORTEX

GC £ x £
p > GOULUE ENTER NUTRIMENT SHOAL
wnt : GOULUE GOULUE S
. GOULUE_ENTER_HOT_CONVECTION_CURRENT
CONVECTION _CURRENT
D_C

ACTIVATED

DESCRIPTION

X

Figure53: EIS authoring interface (Unreal Engine)

This interface enables nérR-developers to easily edit CE actions adidectly
associate them to a UT virtual environment. As depicted in the snapshot below
(Figure 54), the integration of semantic properties to an object, is done through a

custom object edition directly accessibierh the Unreal Level Editor.

The coeoccurrences created and the object properties will be saved in a database, in

the form of a text file, which would be used to instantiate and activate action
recognition when loading the environment. These files wilb giovide the Causal
Engine with a description of the environn

Once the Causality has been defined and integrated into an environment, the degree of
causality disruption could be set through the Causal Engiadace(seeFigure55).

The principal aim of this interface is to provide a limited set of sophisticated control

to bias the causal search, and experiment different heuristic values. The customisation
of the search is ®edised at higHevel, by controling the level of
disruption/plausibility wished, and by-eganising the list of alteration operators (i.e.
MOp).

CHAPTER 5ALTERNATIVE CAUSALITY AND VIRTUAL REALITY ART  Pagel2l



+ Physics
+ Product
+ Property
— SEMANTIC_PROPERTY
EF-PROP_List
—[0] None
—(1] LIGTH
—[2] Free
—(3] SOFT
EF-STAT_List Empty | Add|
—(0] EXPAND
(1] On
—[2] OFF
—[3] Shrink
—[4] rest
[PPSO Delete | Insert |
(6] BOUNCE
—{7] FALL
E-TYPE_List
—{0] Object
—{1] DEVICE =
—2) HEAT_SOURCE

Figure54: Example of object semantic properties setting via Unreal level edito

Our engine search is targeting alternative consequences to an action thas present
amplitude of causality disruptions below or equal to a certain threshold, named: level
of Plausibility (or Disruptions). We discretised this threshold into five leMé&lsL,

LOW, MEDIUM, HIGH, VERY HIGH defining ranges of values on a zéoeone

scale. In a certain sense, these levels could be interpreteREA&ISTIC,
PLAUSIBLE, HARDLY PLAUSIBLE, IMPLAUSIBLE or UNREALISTIC
causality.From the interface, the user catribtite a maximum value for each level of

disruption, and force the level of causality distortion to apply during the runtime.

Another way to affect the causal search is to modify the list of Mageoators used

to generate possible transformations. il primer version, the Causal Engine
proposed a large population of specific maoperators CHANGE_ EFECT,
CHANGE_OBJECT, PROPAGATE_EFFECT, LINK_EFFECT,
LINK_OBJECT, which on later version has been reduced to two main generic ones:
CHANGE_OBJECAndCHANGE_EFFEC¥

15 The integration of specific MOp will be the subject of future investigation
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Figure55: Modification of the Causal Engine Search parametdidote;

Possibility of Adjusting of the different values for each level of disruption )

The authoring tools described here have been developewdha conception of the
psychological experiments, and used to create alternative reality worlds. The
following part of this chapter illustrates alternative reality virtual worlds designed on

artistic intentions and implemented with our Alternative Catysichnology
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First Artistic Brief: RnGyre and Gi mbl e

Gyreand Gimble s a VR artistic project based upc¢
Gyre and Gimblalraws upon the Alice stories, the intention was never to reproduce

their narratives, but to exmie the disruption to perception offered within them. In

fact , Carroll 6s stories provide a natura
consequences of logic and the creation of alternative realities. The way that we often
encounter this in his stes is through the mixing, collision and invention of games as

well as the transformation of their rules. A playfulness that he also directs towards
language presenting us with paradd&esising out of the situations and conversation

that Alice finds heself. This is why his books are always far more than just the
presentation of a plot; they are events that unfold involving the reader in their own

logic. Reacting to this interaction becomes the primary driveye and Gimble
deliberately distancing self from narrative. Rather than becoming a vehicle for
retelling portions of the Alice story, [

and the occasion that involves users in this disruptive process.

Here the challenge was to make a technologyed upon gaming as effective as
Carroll 6s creative subversion of games.
Through the Looking Glassyhere Alice discovers that, try as she might to look at
things in a shop they evade her gaze, was to provalepportunity to use spectacle
itself as a means of interaction. Usi ng a
of focus it became possible to employ attention as a means of interaction. The
collision of objects that then occurred as a result obdmj ect 6 s desir e
constitute, from the system perspective, the starting point for the computation of chain

of events (and consequences).

Y AWwhen we were |little, o the Mock sfillsobbingeowanent on
t hen, AWe went to school i n itweasedste aall hinT Toeoisema st e r
ofiwhy did you call him Tortoise, if he wasndt one

taught us o, sai di ltyh.e MMRe&kl |Tyury d A larmaerovse r Ad vdewnltlu!r ¢
Wonderland and Through the Looking GlaBgnguin Books, London 1998.
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Artistic Intentions

Mar k Pal mer 6s artistic work has been ex
systems, inwhich the determinism of local interaction does not entail the
predictability of the systemb6s response.
can derive from interaction does not imply any kind of control over the system he is
interacting with. Inaddition to simple and direct causality, the system should be able

to generate unpredictable events.

This approach draws reference from Spinoz
explanations, as well as the notion of final cause. In that seese,ther y t er m of
is misleading in its utilitarianism and in that, it suggests a simple causality as a means

to an end. Interaction should never resonate with the notion of a final cause; rather,

experience should derive from adjustments of efficianses only.

I n the <context of this research, his (I
Wonderland, through an interactive VR installation. In the original novel, as in this
installation, Alice is certainly confronting an environment, which exhibiteabeur

of its own. Objects have a life of their own, generating all sorts of (inter)actions. In
addition, the world itself is hardly predictable, the outcome of such interactions

depending on changing conditions.

The AGyre and Gi mbleodo Environment

Thebref environment is a 3D world reflectin
illustration (using 3D objects with nephotorealistic renderingsigure56). The user,
evolving in the environment as Alice, indirperson mode is a witness to various

objects behaviour, which she can also affect by her presence.

Let us consider the situation where Alice faces a cupboard containing several
animated object on its shelves. Objects will try to escape from the apmgpadite,

but in doing so can only move on the shelves supporting them. This is bound to
generate all kinds of collisions between events, yet the consequences of these
collisions can vary to reflect the global mood of the situation or the identity aftebje

The environment is composed of one room surrounded by several cabinets and a table

represents th&yre and Gimblevorld. The place is composed of ten different types
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of objects, a total of 90 interactive objects such as candles, holder, clock,dqd bo

dispersed on shelves, cabinet and table (see screenshot bdtayu@b6).

JI =

= -

|

/ /A
/ =] 4‘
s |

Figure56: The "Gyre and Gimble" Environmefitand Example of Interactive
Objects.

Notes:Non-photorealisic rendering has been preferred, inspired from the original

Tenniel d&ds illustrations.

User Interaction and Object Behaviour

The User interacts with the VR Art installation through navigation and interaction

with objects, as with any virtual environment. Hower, as part of the technical
implementation of the artistic brief described above, world objects are associated a
Ainativeo behaviour, by which they wild.l e

other objects, depending on the object categories.

Theuset ri ggers objectsod spontaneous ‘hovemen
whose direction is calculated using an approximation from head tracking data (see
Figure 57 below). As a result, the user witnesses a stredmbject behaviours,

prompted by hi#her interaction but whose precise logic is not directly accessible to

" The visual content presented here represents a first version of the environment.

18 Actually measured from the head vectaith fair approximation considering the average distance

from the screens.
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her. Another interaction mechanism, which is more specific of this type of
installation, actually consists in the integration of user traject@ebs navigation

patterns to determine the user attitude towards specific parts of the environments and
the objects they <contain. Ul ti mately, t !
behaviour of those objects through global mechanisms involving degees

Apertur bat i o,a®detailaddn thie followipgrsectoreso

The spontaneous motion of objects provokes collisions between them, which are the
starting point for the generation of an event chain by the Al module. This chain of
events will indue various forms of Causal Perception by the user, and constitutes a
central aspect of her interactive experience. The amplitude of the alteration to causal
event chains is based on semantic properties and analogies betweenasfieetsas
dependingon how the user engages with the environment. This type of computation
can provide a principled measure of concepts directly related to the user experience

such as fAsurpriseo (Macedo & Cardoso, 200

UT Visualisation Engine

— SAS Cube

User Intercepted
Interactions c Action
(E -.% ! (]
) o H —
% s 9ci ]
P> 8 o Ei -]
I Q 2: 0
g £ 9!
2§ 53 z
) £ -
- - I
L) s <
3D World w Modified
Replications Action
Meennas o8 J

Figure57: System Architecture
(Gyre and Gimble Environment and useadirect interaction (with head tracking))

As previously explained, the Level of Disruption corresponds to a threshold for the
use of heuristic values. According to the value of this threshioédtransformation
produced goes from the more natural (0) to the more artificial (1). Our system

discretises this value into five disruption levelsLL / LOW / MEDIUM / HIGH / VERY HIGH

One innovative aspect in t@yre and Gymblevorld is the fact that the Level of
Plausibi i ty is dynamically wupdated to repres
perceived attitude of the user towards it. Two parameters are regularly updated that

represent the us@rsittitude: one (UseDbjectsProximity) integrates the amount of
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time spentby the user in proximity with certain world objects and the other (User

Activity) is a reflection of the world exploration by the user.

More specifically:

1 User-Object-Proximity is weighted between {0] and corresponds to the
average distance of the ude objects present in this field of view. This metric
reflects a level of engagement of the users with the objects, which, depending on
the artistic brief, can be interpreted as interest or threat.

1 User-Activity represents an appreciation of the dasdgrequency movement,
expressed by a weight betweenl]0(a value of zero meaning that the user is

immobile).

The level of disruption is then frequently updated using a simple matrix-{ges

58). Increasing odecreasing it in response tioe used ®ehaviour creates different
user experiences in terms of emotions reflected in, and by, the world itself. The user
thus indirectly influences the transformation amplitude through values ffirehis
behaviour. This asstitutesto another example of the generation of more sophisticated
user experiencghrough Al technologies.

1-Analyse User Behaviours ( every 10-30 seconds)
User-Activity
Level of {Movement and Interaction Frequency }
Disruption 0.0 0. 05 0.75 1.0

0.0

User-Object
{Proximity}

Alternative

2-Compute and update search
threshold (level of Disruption)

Causal Engine

Figure58: User Behaviour and Current Level of Disruption

A low value for the level of disruption parameter (closeDi®5) tends to result in

minor changes. Indeed, they are often related to the propagation of a normal
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consequence to spatially close and/or s&ype objects. For instance, the beok

candle collision will also project one of the closest similar canéfigsi(e59-1).

However, a medium level of disruption (around 0.5) usually extends or substitutes
default consequences to different objects, as when the book is projected with the

candles around, instead of the origicandle Figure59-2).

Higher levels of disruption (close to 1.0) affect the type of effects generated and the
entire population of objects situated
consequence dn interaction becomes hardly predictable, as it depends of the local
context of the environment (i.e.: the type, state, and distance of objects surrounding
the initial event). Here, such a level triggers the opening of the book while some

candles start buing or tilting Figure59-3).

The essential advantages of this approach consist in being able to control the
consequences of user interaction, at different levels, using concepts that can be related
to artistic intentions. Most importantly, these principles also support generative

aspects, where the system enriches the creative process.

2-Action Modification: 3-Actions Reactivation

Heuristic Search Process based on Semantic Analogy

and Spatio-contiguity Constraints, using combination
of Macro-Operator (Mop) to modify action

Hit Candle Still Stands
Book and candles around has been tilted

. . MEDIUM
1- Action Recognition and Level of Disruption
Inhibition :

Candle should tilt

Heuristic Search

Possible
Modifications

Level of Disruption

W — —
""" . Candle starts consuming
‘ . Book is opening
User Interaction : R —————— - User Experience : A
User’ s gaze focus on Visualisation of un-expected
book for few seconds consequences

Figure59: Level of Disruption and User Experience
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Feedback from the Artist

Mark Palmer Commernts

nfné The workshop days provi ded an oppor
O0mi ddl ewar ed6/ 6aut horingd environment bei
Teesside) team. Whereas previous discussions had tended to focus upon issues to do
with Gyre and Gimblethis was the first exposure | had to the proposed system and

the ways in which it might be used. This provided me with a far greater (and
welcome) opportunity to come to terms with the aims of the project from the UoT
perspective. The system looks to lveedcome, robust and inexpensive way to author

work away from the assumed expectation of imitating reality often associated with
virtual systems. | am sure that it will provide a very productive and useful way to
introduce students working within art and siign to developing interactive

i mmer si ve/ envioronment al wor k é

CHAPTER 5ALTERNATIVE CAUSALITY AND VIRTUAL REALITY ART  Pagel30



Second Artistic Installation: AEgo. Geo.

AEgo.Geo.Graphies0 by Al ok Nandi as paatof the IASTERNH e v el o
project. This artistic brief is exploring interaction and navigat in a non
anthropomorphic world, blurring the boundaries between organic and inorganic.

Artistic Intentions

The titl e EgofGeotGhaphggs brre veefalfis t he core conce
artistic installation, Geo means "earth" in ancient &réere in general the place in

which we human live and Ego ("me" in Latin), in other words the visip@ctator

player in the interactive installation. In this installation, the user navigates in an
organic world populated by spheres, which originated@terminate areas of the
environment . The spheresd behaviour depe

user, which is a function ¢f h e navigatiod patterns, unknown tiser

Through the staging of the Ego.Geo.Graphies installation, Alok Nandeiested in
exploring aspects related to predictability, fumedictability and hence some kind of
narrative accessibility, from the perspective of user interaction. This also implies that
we explore how the user can be affected by causality. The sponsameyements of

the spheres focus the uSemttention, within the constraints of Hier visual and

physical exploration of the landscape.

The useiexpects a dialogue to emerge from this situation: user exploration will affect
world behaviour through \els of perceived empathy, and in return the kind of
observed causality will influence user exploration and navigation. The next section

describes how usets attitude and interactions influentiee whole world'sausality
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The "Ego.Geo.Graphies" Emenment

An overview of the virtualr epr esent ati onGraphied t wer INdEg D s
presentedn Figure 60. This environment represents a closed world surrounded by

hills within which a single user can freely eap in a walkingike fashion. This
environment experimestan original type of implicit interaction, where u'ser
behaviour influence the world landscape and credturagitation. The usérs
behaviour is interpreted in tesof empathywhile the worlds agitation corresponds

to the notion ofCausality disruptionHere, the main intention is to bltlre boundaries

between organic and namganic (between inert and animated substarice}his

world, two sorts of interaction take place: those involving elas of the world

(spheres and landscape) and those involving the user. The first type of interaction is
essentially mediated bgreaturés collisions (spheres and landscape) and will be
perceived in terms of causality. The second is based on navigatopmoaition and

wi || be sensed by the wor |l devel, emotiomatr ms of

translation of the usérexploration.

Figure60: The "Ego.Geo.GraphiésWorld Overview

Th e  w olrehadidurs manifests itself essefitiathrough the effects that follow
collision between spheres, which range from soft sphere merging to explosions
propagating to the environmeriigure61). These effects are under the control of the
Causal Enginewhich intercepts collision events and computes alternative forms of

causality.
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1- Spheres Move 2-Spheres Collide 3-Landscape Structures Collapse

Figure61: Example of artificial ceoccurrence in SASCube™
(Here the creature's fherg collision triggered environment destructions)

This brief makes use of most of the features supported by CaveUT, from tracking and
object interaction to stereoscopic visualizatibig(re62). User navigation brings her

in close vicinity to geometrical structures whiabquire their full dimension as real

stereo 3D objects, prompting the user to adopt appropriate navigation patterns around

or under such objects. The spheres thems:
as floating 3D objects, conferring a high level eélism to the user interaction. In

addition, the ultrasonic tracking implemented in CaveUT supports direct physical
interaction with the spheres through the

or pushed back by the user.

UT Visualisation Engine

—__ SAS Cube

User
P Interactions

Actions

Event Interception
System

SASCube System

Modified
Actions

Causal Engine

3D World
Replications

Figure62: System Architecture together with a view frdahre Ego.Geo.Gaphies
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Exploration of the Virtual World

The presence of explicit paths inside the world iglets navigation and localisation
(seeFigure 63 below) They also direct the user to
creature emission/collision zones (around for instance a puddle). The user navigation

is not limited to paths; the user can also freely explore the whole terrain, including a
puddle zoneAt a human scale, the surface of the map is equivalent to 17000 square

meters (approximately 130 by 130 meters).

Within this world, there existtwo types of interactionsDirect and Indirect

interactions;

1 Indirect interaction: When a user is not frequénhimoving, he attracts floating
creaturesIn sum, creatures approach the user when he is stationary or slowly

moving. If the user continuously move the creature are repulsed or ignore him.

91 Direct interaction: The user is also able to push creatures iolose radius
around him against each othdh e wuser Apul | sousiagthefipushe
SAS Cube wand trackeFhe Creatures afbenprojected in the direction pointed

by the user.

In a first time, the user can appreciate the direct effect of himent / interaction

in term of Creature movement (attraction/repulsic@pnsequently, the user can

directly influence creatureshovemersg and so their potential collision with each

othe.l n second ti me, the wuser braphatvh y.ud As
explained in the next section, the degree of'sisenpathy is associated with different

level of Causality disruption, which in turn determines the world's agitafiona

certain extent, different effect types (e.g. bouncing, explodinggengrated for a

similar evens (as sphere colliding)could be interpreted as different creature

emotionalagitationstates.
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Figure63: Paths guiding user explorations

Empathy and Causality Manipulation:

In the Ego.Geo.Graphiesvorld, the level of Causality disruption is dynamically
updated in relation to theser's degree of empathy, itself measured in tertisef

Creature proximity and Usexgitation amplitude.

1 TheUser-Creature proximity is weighted between [€l] that correponds to
the average distance of the user to creatures present in a spekificaround
him. A weightclose to zero signifies that the user is very close to creature
(couldvirtually touch then. A weight of one means that user is far away from

anycreature.

1 The User-Agitation represents an appreciation ¢iie user movement,
expressedy a weight between {Q@]. A Value of zero means that the user is
immobile or moving very slowly; a value close to one denotes a user is

quickly moving(or rotating)

The amplitude of causality disruption is then computed from those variablesausing

simple matrix Figure64) (every 530 seconds).
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N .
; 5«' |: 1-Analyse User Behaviours ( every 10-30 seconds)
.
\
lu

User-Activity
Level of M and i
Disruption 0.0 > 0.5

0.0

o
N
@

User-Object
{Proximity}

Alternative
Effects

2-Compute and update search
threshold (level of Disruption)

AI Module

Figure64: User Empathy Measurement and Causality Mimdifion.
Note: User is repulsing/attracting creatures (floating sphere) using wand tracker

In the world ofEgo.Geo.Graphiesphereshaped objeeactors may collide with one
another or with elements of the landscape. The effects of a collision betwesassph

is normally expected to be felt on the spheres themselves and the nature of the effect
will depend on visual cues as to their physical properties (i.e. soft/hard, deformable,
etc.), which can be conveyed to some extent by their textures and animA#@oasse

the spheres are all part of the same organishen they collidethe basic effect

should be that they coalesce into a bigger sphere. This is represented as the baseline

action for spheraphere collisionKigure 65-D).

However, he Causal Engine can apply various transformations to this baseline action.
It can for instance replace the merging effect with the explosion ofFogere 65-E),

or both spheres (ebfyf eacp ppeyaicaicgs @a altéroative,n g e
both spheres can also bounce back from each @&lgenme 65-A). In addition, aother

way of inducing Causal Perception is to propagate effects to elements of the
landscae itself In that instance, the collision between two spheres will result in the
explosion of landscape elemenEgure 65-B). These alternative effects correspond

to various levels of causality disruptiowhich in turn are related to the perceived

levels of empathy.

As we previously explained in this thesiBe Level ofCausalityDisruption directly

influences theCausal Enginesearch.In few words the Causal Engine generates a
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population of possible transfoation from which it computes their degree of
plausibility, in term ofaction'ssemantic property anather spatiatemporalproximity
constrains. Thus, lhe system can choose one or multiple transformatiooording to

a single variablethe level of disuption chosen. Consequently, tiighere's collision
consequences varwith the value of the level of disruptiorkigure 65 below
illustratesthe different behaviours obtained with different Level of Disruptiorr a@te
similar event (Floating sphere colliding)Vithin a high level, the collision
consequences involved more object and more "violent" effects. In a certain sense, the

less plausiblés the Causality, the more agitated the environment appears.

Disruption :VERY HIGH

EFFECT :Landscape Structures Collapse
Disruption :HIGH
EFFECT :Spheres Explode

®
R4
=
8
@
3
s
&\

Disruption : NULL
EFFECT :Spheres Merge

Disruption : MEDIUM

Disruption :LOW
EFFECT :Spheres Explode
EFFECT :0One Sphere Explodes

Figure 65: Level of Disruption and World Behaviours

CHAPTER 5ALTERNATIVE CAUSALITY AND VIRTUAL REALITY ART  Pagel37



| 7

E - B « ; T g
Spheres Collide L Spheres Explode
- s -3
Intercepted CE event : Modified CE Event:
Merge-on-Impact(Sphere#1,Sphere#2) Merge-on-Impact(Sphere#1,Sphere#2)
TRIGGER :
TRIGGER : .
Hit(Sphere#1 ,Sphere#1) Hit(Sphere#1 Sphere#1)
. CONDITION:
. CONDlTIO’\LCreature (Sphere#1) Creature (Sphere#1)
Ca usa I E ng ine Creature (3phere#2) Creature (Sphere#2)

EFFECT:

.......................

: :' Explode (Sphere#1) H
H 1, Explode (Sphere#2)
s d\ Meeccspecccccsse’
......................

CAUSAL ENGINE
MANIPULATIONS

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
. EFFECT;
M .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
~

.............................................................................................................

Figure66: Example of a Causal Engine manipulation on an intercepted a@tnit
changes the effect type (from merge to explode) and propagate#stsurrounding
actors)

Figure 66 details the operation of the Causal Engine on the collision event between

two spheres. First, the Causal Engine recognises the collision event and instantiates
the default action repsentation for merging spheres, while at the same time it freezes

its execution. This representation can thus be modified to create alternative outcomes

for that collision: the nature of this modification derives from some parameters of the
usefs interadions history, thus implementing thémplicit idi al ogue o bet

empathy and causalityished by the artist

Feedback from the Artist

Alok' Nandi Comments

" éThe S AS3Culfe installaion inF-rargedn-site session was fundamental

in getting acomprehensive view of the potentialities of the tool and its authoring
interface put in place by the scientific / tech team. For perspective, being active in
new media for 10 years, | was able to compare the features of a system, both in terms

of functioralityi, userfriendliness and usability (séggure 66).
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The comparison took place with applications designed with collaborative teams in

different sectors:

1 Web applications, from 1993 to now: one can see the @wolaf the authoring

tools and hence the efficiency but the lost of a certain flexibility, for specific usage

1 Mixedreality applications: from 1998 to 2004, | -woitiated a software platform
architecture for mixedealities Transfiction, i.e. in the fraework of the EU IST
project art.live: one of the frustration as a media artist/designer was to see that
for each visual effect, it was needed to involve the tech teara émuple of days

to get the desired effect.

Not only there was a lack of flexibilityy playing with variables in the universe
designed but also, the tech team was need for each manipulation. These concrete
examples allow to understand that in the SAS3 authoring platform the tech team has
succeeded in providing a tool where variables banmanipulated easily in order to
"get a feel for" the user experience in tBAS, without waiting for two days of

coding.

This day was also important to confirm a working hypothesis: in interactive
installations, the only way to get the right feelingasbe in the real saip; and in
order to provide this right feeling, as a director (like in film editing), one needs to
play, to finetune with very narrow variable fields; This was provided by the editing
tool in the ALTERNE Platform ife. Causal Simulan interface and CAVEUT

Interaction interface

Figure67: Alok Nandi experimenting different useempathy setting
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Personal Contributions and Collaborations

This research has been funded in part by the European Conmmikstughthe
ALTERNE project (ISF3857520022005). The aim of this project was to introduce

a novel approach to the creation of Virtual Reality, which supports the design of
alternative worlds, in which laws of Physics can be redefined to induce new user
experiences. The conception of Alternative Reality VR technologies and its utilisation

in immersive digital artistic installation were at the core of this project.

During my participation to the ALTERNE project, | have been collaborating with
digital artists, 3D modellers, engineers and research colleagudss Eection
purposely clarifies my involvement concerning the development of this novel VR

platform, and otheartistic briefs described in this chapter.

My essential participation to the project was develop an alternative reality
technology capable of supporting hitgtvel artistic intentions. | therefore developed
and experimented an Alternative Causality system, which acted as a behavioural
engine for the artistic briefs described above. Intamdil worked in collaboration

with the commissioned artist&lok Nandi and Mark Palmegnd 2D/3D modellers to
design t he e nvMore pantiouanyt hawedesignghbmdiimnplemented
theenvironment layouts, placed and configured objectsiwihem, and programmed

all animations, user interdas,andautonomous entity behaviours.

Concerning my work on the \Rave system| upgraded the first version of the
CaveUT system (Jacobson, 2002; Jacobson & Hwang, 2002) in collaboration with a
Frenchengineer: Marc LeRenard (Member of the CLARTE VR céntréintegrated

an animation replicationgynchronisation systemvhich is essentigb support a high
quality active stereoscopicwhile displaying complex animationl have also
optimised the Cavw®JT algorithms to improve the frame rate (up to 60fps), as well as
produced a generic interface to plW@R tracker devices directly within the game
engines input system Note: these upgrades are discussedetail in Cavazza et al.
(2004b) and Jacobson at. (2005).

19 http://Iwww.clarte.asso.fr/uk/ ALTERNE projects partner
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Discussion: Advantages of Adased Interactivity in VR Art

So far, the creation of virtual worlds has been essentially based on visual rendering

and predefined modes of interaction, in a context where many technical problems are

given desigrbased solutions. Traditional interactive systems rely on direct
associations between interaction events and their scripted consequences. This presents

a number of limitations, forcing the specification of all Hevel events when
implementing. Such an apgach has also limited flexibility when it comes to eliciting

more complex wuser experiences, such as r
novelty of our Al approach, lies in the possibility to aim at a more sophisticated world
making, by rencorpaating highlevel concepts and describing the dynamic

behaviour of the virtual world into the design process.
An Al perspective has offered two major advantages:

1 The first one consists in an explicit representation layer for-lexgl actions,
which supor t s principled modi fications 0 1

these principles derived from artistic intentions.

1 Another advantage is the use of the generative properties of the Al approach to
enrich the user experience, while the generic aspect of yAibalic
representation simplifying the authoring process and collaboration amongst

nonprogrammers.

As VR develops, the requirements of advanced interactivity will become more
demanding, and mediating interaction through Al representations seems a myomisi
research direction. Creating a common symbolic level facilitates the collaboration for
projects with a strong epistemological stance. This has the potential to shift the
implementation phase of VR Artworks, from pure software engineering to knowledge
engineering, which in turn would not only facilitate development but also potentially
improve the creation of abstract building blocks and theurse=within certain classes

of applications.
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Conclusion

In this chapter, we introduced a novel approacieause of Al technologies based on
cognitive concepts to support user experience in Virtual Reality Art installations. The
system is based on a game engine poxdeal CAVEIlike immersive displaylt uses

the enginebs even-baseslgimt ami bonsi nh tigge & he
interaction loop. The combination of a set of action transformation operators within
heuristic search, based on cognitive factors, provides a powerful mechanism to
generate a causalitgducing chain of events. The undemnlg idea was to use
semantic representations for interaction events, so as to modify the course of actions

to create specific impressions to the user.

The viability of our approach has been demonstrated by the development of two
actual VR Art installatios, which illustrated the system performance and flexibility,
over traditional Aliscripted approaches. We have developed a new kind of tool for
VR Art, which supports the definition of behaviours at a conceptual level, facilitating
the development of VR Ar(Cavazza et al.,, 2003a, 2003b, 2004a, 2004b, 2004c,
2004d, 2004e, 2005; Lugrin et al., 2005, 2006b). We have illustrated this approach,
using causality as a test case. As a psychological concept, it can relate elements of the
artistic brief to the userxperience (the details of which are still open to ipensonal
variability, so the process in not restrictively deterministic). In that sense, there is a
faithful transposition of the artistic intention to the user experience. At the same time,
we havedeveloped technical tools, which can work directly at the level of causal
phenomena. This in turn, facilitates the technical implementation of VR installations.

This work is an example of the use of cognitive concepts to support the creation of
VR Artworks. Fundamental knowledge of cognitive mechanisms is a determinant of
the elicitation of experience, which can be made to serve artistic intentions, by

bridging the gap between user experience and the VR implementation produces it.

In line with the relatiorcognition/VR simulation, the next chapter is investigating the
correlations between the cognitive phenomenon of Causal Perception, and the well

known psychological state of Presence in virtual world.
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CHAPTER 6: CAUSAL PERCEPTION AND PRESENCE

Introduction

In VR theory, the effectivene€sof a VR design is commonly estimated in terms of

the fisense of presence inside the virtual
to as Presence, is defined as the subjective experience of being in one place, eve
when one is physically situated in another (Witmer & Singer, 1998). In VR literature,

the nature of this phenomenon and the factors contributing to it has been and are still
widely debated (Schuemie et al., 2001). Nevertheless, many authors have assumed
strong relation between Presence and the level of interactivity (Schuemie & van der
Mast, 1999.In the same time, the roles of the variables of interactivity, such as the

ones proposed by Steurer (1992. Speed, Range and Mappingpe still difficul to

evaluate and compare regarding their impact on Presence.

In this chapter, we propose to relate a vadiserved cognitive phenomenon, Causal
Perception, to these actitdased conceptions of Presence (see e.g. Zahorik & Jenison,
1998; Held & Durlach, 192; Sheridan, 1992). Therefore, in this experiment, we
evaluate the correlation between the elicitations of Causal Perception and Presence. In
the first part of this section, we briefly introduce the different conceptions of Presence
discussed in VR litetare, and relate them to our experimentation. We will then
describe our experience protocols and implementations, before finally concluding on

the analysis of our results and methods

% The capacity to product a desired effect
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Introduction to Presence and Presence Factors

Virtual Reality is aunque technology that i mmer ses
electronically simulated environment. Most of the research in this subject is related to

the concept oPresence t he dang theré oif n ia virtual envi |
essence, the concept of Rmese defines Virtual Reality in terms of human
experience, rather that technological hardware capacity. The nature and factors of the
sense of presence in VR have been widely discussed since 1992 in VR literature.
Numerous contemporary researches contirtoeactively prospect the elements of
Presence in the intention of enhancing t
2008; Tamborini & Skalski, 2006; Ermi & Mayra, 20@Binchbeck, 2005;Bracken,

2005; Tamborini et al., 2004; Schneider et al., 2(iglski, 2004; Ravaja et al.,

2004; Bartfield, 1995; Nicovish et al., 2005; Dillon et al., 2000).

However, the definition of Presence has yet to be agreed upon by researchers. Among
the existing definitions, the most discussed ones in VR literatuld beudivided in

three main views (see below):

1 Immersion-based viewsPr esence happens whelmeing he i n
ind the virtual environment , Sheri dan,
1998)

1 Non-Mediation-based views:Presence happens whére individuali f or get s 0
t he technol ogi c pelcepiual itlusionfofananenediation ei vso ktehde
by Lombard and Ditton (1997). It typically happens when the user confounds real
stimuli and stimuli mediated by the VR Technology.

1 Ecological & Social-based views: Presence happens when the individual

A" per cthevirtgakedvironment as an extension of their physical or social
reality, in which he can evolve and interact (Zahorik &Jenison 1RB®hbeck &

Stevens, 2005, 2005b; Loomis, 1992% discussed in the following sections, the
fAction-basedd t heori es of Presence, deriving
predominant conception. They consider the ecological and social validity of
virtual environments as essential criteria to elicit a streegse of presence.
According to these theories, our sense of Presence mostly derives from the
perception of our actionbdbs consequences

guote below).
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"Presence is instead tied tiotheoenveahmments ucc e s
this environment being either virtual or real. The coupling between perception and

action is crucial for determining the extent to which actions are successfully
supported” (Zahorik & Jenison, 1998).

In all these conceptions, the rmii of immersion, involvement, interactivity and
believability are present, with obvious nuances on the contributing factors of the
elicitation of Presence. The subjective f
deriving from immersion, interactiospcial and narrative involvement with suitable
technology (Carassa et al., 2004). Despite numerous discussions on the concept of
Presence, a theory encompassing the full set of characteristics contributing to the
experience of presendeas yet to be defime Neverthelessprevious research on
Presence has demonstrated that the feeling of presence arises from a certain
combination of factors. Seven mafactors have been identified; thegpresent
Arul es o of -regpedt aorsiderablgimpovensh aepent the experience of
Presence. Most of these factors are interrelated to environment attributes, individual
ability and stateof-mind, tasks related and VR platform equipment. The list below
summarises the seven main factors believed to underlie pegsghich are now used

as guidelines for maximising virtual experiences.

T The fAneasedo oThénfiepatbot abnesso of i nt e
mode offer by the VE ( Billinhurst &Weghorst, 1995)

1 Image Realism:The degree of realism of an imagetaims of the level of
detal and unambiguous signification (i.allowing a fast recogtion of the
artefactfWitmer & Singer, 1998; Welch et al., 1996; Wilson et al., 1997;
Snow & Williges, 1998).

9 Duration of Exposure: Minimum duration is necessary rfdhe uses to
familiarise themselveswith the task(and contrad) andin order to achieva
better sensory adaptation. It should also be noted that prolonged session could
result in cybessickness that is negatively affecting presence (Stanney, 2000;
Witmer &Singer, 1998; Stanney et al., 1998)
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1 Social Interaction: Presence of other individuals (avatar or human), offering
evidence that the user fAexistso in the
1999).

1 Individual Cognitive Tendency : individuals with atendency to favour
Visual over Auditory and Kinaesthetic representational systems are easily
subject to presence (or as source of information ) (Slater & Usoh, 1993) We
should also highlight that individual characteristics that would promote
presence, ahtheir taxonomy are still considered controversial and require
further study. Individuals perceive environment stimulus differently, as
suggested by the theory of Affordance (1979). In this Gisbonian view, our
Perceptual systems are guiding the way werpret and react to the virtual
world. Affordance theory suggests that we see our environment and its content
as function, rather than as structure. Allocation of attentional resources is also
essential to induce presence. Fontaine in 1992 added that fomes is also
necessary for a higlevel of Presence in VE. According to these views, the
userb6s facility to focus on a meaningf
to the exclusion of unrelated stimuli in the real physical location. The notion
o f Suspension of Disbeliefii s al so necessary to t
identification with story characters Slater & Usoh (1993c). In other words,
certain individuals are predisposed to accept reduced sets of stimuli as
significantly real, provided that the rediom is managed and maintained
effectively (PinchBeck, 20Q%Vhitton, 2003).

1 VR Platform Interfaces vividness and isolation: This view considers the
degree of isolation provided by a VR system as primarily responsible for the
induction of the state of PsenceVR systems should include inpatitput
devices stimulating a large range of senses with a quality close to the real
world. This could be achieved with Multimodal Interaction, Stereoscopic
vision and Haptic feedback (Slater & Usoh, 1993). Any disimas from the
real worl d have the potenti al to I mpa
focus and attention is drawn away from the current activity or scenario
(McCal I, OO0 Nei || & Carrol I, 2004) .

demonstrated that externdistraction considerably interfered with the user
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VR experience. For many researchers, the user immersion depends on its
physical isolation from its surrounding environment (Slater & Wilbur, 1997;
Bystrom et al., 1999; Draper et al., 1997). Slater €.8P4) points out that a
high sense of presence in a VE, requires a simultaneous low level of presence
in the real world, and vice versa. Witmer & Singer (1998) state that presence
in a virtual envionment dependsamn e 6 s attenti on calhi ftin
environment to the virtual environment, but does not require the total
displacement of attention from the physical locale. In 2002, Sadowski and
Stanney (2002) demonstrated that external distraction considerably interfered
wi th a user 0dAs &/ rRsulte degpiterthe etmere@us debates on
user s I mmersion nature, most research
certain degree of user isolation, in order to develop a feeling of presence
(Biocca, 1997; Lombard, 2000; Slater et dl994; Slate & Steed, 2000;
Witmer & Singer, 1998). Consequently, a technologicalged Immersion
has been qualified as an important factor that contributes to the apparition of
the sense of presence.

1 Userts sense of control:In this view, the increas of the amout of
interactivity subsequently increaehe f eel ing of | mmersio
& Carroll , 2004). The degree of intere
control his/her sensors (point of view) and modify virtual environsent
(Sheridan, 1992; Weh et al., 1996). Mantovani and Riva (1999) have equally
emphasized the importance of freedom of movement and actions of actors in
the virtual environments. This speculation has been reinforced by recent
studies of interactivity in education (Richards,080 Witmer and Singer
(1994) added that the immediacy of environment response to user initiated
action is an essential factor to induce this sense of control

Il n this research, we are only investigat
PresenceConsidering that Causality is deeply rooted to the notion of interaction in

VE, which in turn determines the usero6s s
the significance of causal impression on the sense of Presence. The next sections
review therole given to causality in the main conceptions of Presence and their

respective measurement questionnaires.
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Causality in Presence Theories

Van and Martijn (2001) have proposed an ontology of Presence, retracing its
prominent views in current research dierature of presence. This ontology exposes
the different conceptions into four main trends: Traditional views, Ecological views,
Estimation Theory and Embodied Presence Model. From the Traditional view to the
more contemporary Ecological views, thettas of Presence shifted froguality of

image to freedom of movement and then fromreplication of reality to the
perception of offattaswthelerviroanemt.ilnothisssection, we will
briefly review the reference to causality, and moggeemlly to Causal Perception in

the main conceptions of Presence and associated measurement questionnaires.

One of the early works, which introduced concepts related to Causal Perception, was
that of Loomis (1992) on distal attribution, although caugadias not considered
explicitly. Following traditional views, Steuer (1992) proposes to evaluate interaction
quality based on three factorSpeed Range and Mapping, where theSpeedis
considered as the delay between the user action triggering and #reatios of its
consequences in the world. Consequently, the notion of Speed, which is sometimes
referred to as system respoitisee, is closely related to the temporal determinant of

Causal Perception.

For Lombard and tbe perceptoajllusithrokmorenediaton i6s | &

ot her words, Presence happens when the us
to acknowledge the role of technology (Lombard & Ditton, 1997). One major aspect

of nonmediation is the necessity of the technology to #xaeplicate real world

sensory (i.eit feelslike, looks like, actdéike something | know in the real wojld
Lombard and his coll aborators divided pr
from which a particular one: th@ Soci al ilRison,lappsansdo implicitly

refer to causality At the base, this illusion relies on the fact that virtual object, event

and agent could also exist in real world.

The ecological views gained interest from many researchers as they represent a
promising theoretial foundation for understanding and measuring the reality of the

virtual experience, and therefore the determinant of presence (Flach & Holden, 1998).

| n t hese Vi ews, i nspired by Gi bsonbs e cC

(Gibson 1979) and Heideggr 6 s phenomenal existentiali :

CHAPTER 6CAUSAL PERCEPTION AND PRESENCE Pagel48



depends on possible actions foreseen and their realisation. According to these view, a
user perceives a VR whatvan beodomee ntandn i f e thms
interaction with a virtual object pduces the expected result, the user will then
perceive it as fAexistingo. In a si-mil ar
depth discussion of the phenomenological conditions of Presence, advocate that a

Al awf ul responseo furradions shduld beearmajor determmanh t  t o
of Presence. More importantly, their strong Gibsonian perspective is somehow close,

in terms of its philosophy of perception, to that of Michotte, the father of Causal
Perception (Michotte, 1963). They also sugdleat presence is experienced when the
environment s responses t o dquvalenttocrdali on i n
world responses, which our perceptual system evolves. In othedswtre
consequence of an action has to conform to the one predigtélde user, and in

respect of real world physical laws. The notion of Lawful action evokes the principles

of causality, and position causal interaction as important factors contributing to

Presence.

Mantovani and Riva (1999) following Schloerb (1995)educed the concept of

causal interactioras an essential aspect of Presence. Mantovani and Riva (1999) also
suggested that a usero6és action has to sa
@Presence is always mediated by both physical and conddptla that belong to a

given cul ture. o

According t o t he AEmbodi ed Presencebo t
unconsciously construct internal represer
environment, by mentally projecting their own bodytanit. Presence is experienced

when those perceived actions are possible. Following his experimentations with
gamebased environment s, Schubert recogni se
also a large impact on Presende adequacy with the ecologicaalidity view,
O6Brien et al. (1998) suggested ©ofthat Pr es
sequence of evemffect.In a certain sense, they recognised that the understanding of

causal relation contributes to Presence elicitation.

In his Estimabn theory, inspired from the Ecological and traditional rationalistic
theories, Sheridan (1999) suggests that we constantly refine our model of reality,
based on experience, and of the affordances in the environment. Sheridan (1999)
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suggested that humaase continuously making and refining a mental model, which
estimates reality, based on their senses and interaction with that reality. Consequently,
in order to achieve a high degree of presence he suggested that we need to replicate
the experiences andfafdances present in our real world. However, he failed to
combine an ecological perspective with a rationalistic tradition. As we can never truly
know objective reality, our perception o
inner coherence of the wd. From there, ecological theory also considered the
concept of a perceptieaction loop, which signifies that not only perception affects

our actions, but also in return actions can have an effect on our perception. In other
words, our representation mality is constantly (re)constructed from our interaction,
where our notion of realnessngt onlybased on the satisfaction of our expectation

(i.e. on our reaworld knowledge). Nunez (2004%imilarly suggests that realism
should be replaced with egptation as a variable. In his view, the user establishes a
methodology for perceiving and exploring the environment, rather than comparing
with its real physical environment. Suspension of disbelief allows cinema audience to
be emotionally and empathetijaconnected with the media content (the movie),
even with the full knowledge of the unreality of the stimuli. He concluded that only
the innercoherence of the mediated stimuli affects the sense-lafcedion, and, to a

certain extent, even unrealisgavironment would induce presence.

Although rarely referred to explicitly, there is significant evidence of the use of
causality in Presence research, most specifically when considering those aspects of
Presence dealing with action, agency, environmentrah and the realism of an
environment 6s responses. From a fundament
surprising, as causality is one of the few psychological phenomena bridging the gap

between perception and higgvel cognitive concepts (Sclhé& Tremoulet, 2000).

The next section will review the Causality and Causal Perception reference in the

guestionnaire measuring the degree of Presence elicited by a virtual environment.
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Causality in Presence Questionnaires

There exist twenfy different questionnaires quantifying Presence in VR literature,

each varying according to their aut hor 06 :
context of application (see list below). There have been several generic questionnaires
developed over the past years,vadl as specific ones for atypical environments or
experimentations. In the context of our research, we will review in this section the

implicit or explicit references to causality, found in those questionnaires.

The Witmer and Si ngare (PR) iIsPone sfemost populpu e s t i
guestionnaire in VR research. Witmer and Singer advocated that valid measure of
presence should address factors influencing the levels of involvement and immersion

in VR Thus a high level of involvement will increase imms@n and viceversa

(knowing that they ardooth interdependento subjective experienge Witmer and
Singer tried to answaMhat arehtbe fdctors infuemcingg g u €
Presence in VRO a nMhat rolei does Immersion and involvement play in
experiencing Presen€e0 T h ey p r-item aqueestidnname c@&dering four

main factors thought to influence presences, which are Control, Sensory, Distraction
and Realism Factors. In turn, each of these factors have been decomposed-into sub
factors ( & illustrated by the table belowFor further details the reader is referred to

the original article of Witmer and Singer,1998). In their questionnaire, the notion of
causality appears under the control factors, whereirtibeediacy of contrglthe
anticipation of eventsand physical environment modifiabilityefer in particular to

physical causalityKigure68).

One simple illustration of this is the extent to which items of the Presence
guestionnaires explicitly refer to actiomrsequences with several items typically
involving Causal Perception. For instance, Iltem #2 of their original questionnaire

r e a tew, resgonsive was the environment to actions that you initated? See t abl

below for further example).Further on, theirs e of Mc Gr eevyds i

21
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( Mc Gr eevy, do&iBuigs, canbeastedhessiand coherence of the stimulus

fowbo i s al so evocative of Causal Perceptio

How responsive was the environment to actions that you initiated (or performed)?
How much did your experiences in the virtual environment seem consistent with you
world experiences

1 Were you able to anticipate what wouldppan next in response to the actions that \
performed
How much delay did you experience between your actions and expected outcomes?
How natural did your interactions with the environment seem?

How much were you able to control events?
Example of Witme& Singer Questions referring to Causality

(Complete questionnaire available ra://presenceesearch.org/Questionnaire.hjml

Table |. Factors Hypothesized to Contribute to a Sense of Presence

Control Factors Sensory Factors Distraction Factors Realism Factors
Degree of control Sensory modality Isolation Scene realism
Immediacy of control Environmental richness Selective attention  Information consistent with

objective world

Anticipation of events Multimodal presentation Interface awareness Meaningfulness of experience

Mode of control Consistency of multimodal information Separation anxiety/
disorientation
Physical environment Degree of movement perception
modifiability Active search

Figure68: Factor Hypothesised to Contriteuto a sense of Presen(igure

reproducedfrom Witmer & Singer, 1998)

These questionnasédave been criticised by Slater (1999) in his reply to Witmer and
Singer, he qualified the PQ as evaluating the@savn perception of the entire VR
system propeies (e.g. graphical and physical simulations quality) rather than the
psychological experiences elicited by it. Slater and Colleagues (1999) proposed a
guestionnaire (the SUS Questionnaire) based on the variation of three themes:
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a) Sense of being in the VE

b) The extend to which the VE become the dominant reality

c) The extend to whichthe VEs r emembered as a pl ace
pl ace rather than Aviewingo a place)

The SlatetUSOHSTEED Questionnaire does not consider causal interactions as a
critical Presence factor. However, another popular questionnaire, theSORD
implicitly refers to the need of causal
factors. The whole questionnaire contains 44 items, divided into four main factors:
Sense of Plyjcal Space, Engagement, Ecological Validity and Negative Effiects
consists of questions rated on -gdints liket-scale (i.e. 11 strongly disagree,-5
strongly agree) The ITSense of presence inventory (FBOPI) has been designed

to be relevanacross media and content and tests on a variety of settings (IMAX, 3D
Movies, videos, video games consoles). The Igroup Presence Questionnaire (IPQ)
(Schubert et al., 1999) has been constructed by combining previously published
guestionnaires, among whidimose of Witmer and Singer (1998) , Slater and
colleagues (Usoh et al., 2000), and Regenbrecht gt18@8), with some newly
developed questions on technological and context variables. The resulitegm75
guestionnaire targets eight factors, whichdivéded into three factors faveralluser

VR experience, and five for Immersions (see below). In their questionnaire, the
predictability factor also implicitly refers to the causal interactions in the environment
and their perception by the user.

1 Spatial presence (SP)the relation between the VE as a space and our own body.
1 Involvement (INV), the awareness devoted to the VE.

1 Realness (REAL)the sense of reality attributed to the VE.

The immersion factors, which the authors describe as the factors medosith
descriptions of the interaction of the user with the VE, or with descriptions of the

technological side of the VE, were:

1 Quality of immersion (QIl), the sensory quality for richness and consistency of
the multimodal presentation.
Drama (DRAMA), theperception of the dramatic content and structures.
Interface awareness (IA),the awareness of interfaces that distract from the VE

experience.
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Exploration of VE (EXPL), the possibility to explore and actively search the VE.
Predictability (PRED), the abilty to predict and anticipate what will happen

next.

In conclusion, most of the Presence questionnaires consider causal interactions
recognition as contributing factors to the elicitation of presence. To summarise, it is

clear that across existing Presenconceptions and measurements, Causality is
implicitly part of many of the factors thought to underlie Presence. Most of the time,

it i s expressed trough Control or Real i sn
recognition of his/her interaction asusal, and Realism is strongly linked to the
satisfaction of the userb6és expectation, v

world physics.

Hypothesis and Methodologyausal Perception as a Presence Factor

Our survey of the Presence conceptn 6 s measurements demor
determinants appear to be strongly related to the notion of attention, as well as the
perception of coherent (i.e. lawful) actions in a virtual world, even though they might

be conflicting with our real world expences.

Therefore, in this experiment, we propose to evaluate the role of realism regarding a
user's sense of presence within a VE. We want to compare causal impressions and
Presence scores in environments where realistic physical behaviours have been
replaced by alternative behaviours eliciting Causal Perception. Our experiments
aimed at evaluating the possible associatbetween Causal Perception and some
previously described factors of Presence (Witmer & Singer, 1988), mostly described
as Control factors. In that sense, the variable we controlled was the elicitation of
Causal Perception, while measuring Presence factors by usinrgeanlubset of the
original Presence Questionnaire of Witmer and Singer (1998). Fundamentally, we are
investigating if thee is correlation between the elicitation of Causal Perception and
the elicitation of Presence. We are thus questioning if Causal Perception should be

considered as a determinant factor of Presence rather than pure realism.

In order to evaluate possibleroelation we then created three versions of the same
environment ; one i s s ,h thew dtimeeg onal displagh i st i ¢

Aunreal i stic causality, while the | ast on
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any object behaviour, cancelling a@ausal Perception elicitation. We relied on our
Causelnducing VR system to automatically create such behaviours. More
specifically, we focused on its faculty to generate different physical events co
occurrences with different level of plausibility fronmsigle event. This environment

is represented oRigure 69 and comprises of five tables each supporting two glasses
(one empty, one full), a beer bottle, a lit candle and a cardboard menu. Subjects were
interactingand viewing the VR though a typical Riésktop configuration with a
traditional keyboard/mouse interaction.

In line with our preceding experimentations, we extracted causal impressions left

tr ough the userés textual e. ¥qgldwmathig, weo ns o f
compared the percentages of the causal explanation to the presence scores, computed
from our posttest presence questionnaire. In the following sections, we will shortly
summarise the principles of our catleducting VR system and iisnplementation.

We will then describe our questionnaire and experimental protocol. In the last section

we will conclude with discussing the results of the experiment.

Generation of Object Behaviour

As previously mentioned, we have developed an Altereaftausality VR system,
which operates by modifying virtual world events as they take place, so as to create
alternative event coccurrences, which will induce causal impressions to the user.
The system operates by intercepting ongoing events and alteeng while their

effects are temporarily Afrozen. o

What we exploited is the strommenchanbf humans to perceive amcurring events

as causally linked, especially when they initiate the first event through their own
actions. Fr om t\egtheisintdrgctmrs withdhe wald abjpots avill |

not result in their ordinary consequences. Rather, these default consequences will be
Ai nterceptedo and substituted with other
a table would normally shattgspilling its contents), our system can generate
alternative effects, such as the glass landing intact on the table, but causing another

glass to tumble and spill its contents.

Our causal system has been developed as an additional layer on top ofisatisnal
engine, the Unreal Tournament 2003 Game Eflfifleewis & Jacobson, 2002). Its
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architecture is composed of an Event Interception System (or EIS) and a Causal
Engine (sed-igure69). The EIS, integrated ttné¢ game engine, is responsible for the
recognition of physical actions, such as breaking, emptying, filling, pushing, and
tilting an object. By default  frozerbeaedpec
immediately modified by our Causal Engine, whican change, add or remove

objects and/or effec{gn Figure 69, the Causal Engine added the Tilting action to the
breaking action) From an intercepted action, this causal module computes a range of
alternative #ects, classified from the most plausible (i.e. Realistic Causality) to the

most unbelievable consequences (i.e. Unrealistic Causality). In our view,sibfgdau

event ceoccurrence shouldtrongly elicit Causal Perception. In other words, our
systemisaemi ng at i nducing fAunconsciouso sent
from artificial physical events. (In this

sense of not deriving from Physics principles).

Note: for further information, the detaill behaviour of these modules, as well as the

working cycle of the whole system, are discussed in Chapter

UT Engine

User sees Menu
Tilting and Glass
Breaking

User releases a ‘
Glass over a table _T
i o i

Event Interception System ,=
1 1 :

|| 4 :

Intercepted Actions Modified Actions
/ 11 11
( '\ /l Causal Engine g ) Break-On-Impact(Glass#1)

Break-On-<impact(Glass#1) 3
Tilt-On-Impact (Menu#1)

Figure69: Causeinducing VR system architecture and artificial causality examples
(Here the tilting of the menu (i.e.nE ADDED EFFECT) is triggered simultaneously

with the breaking of the glass (i.e. the expected effect)
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Experiment groups

The Alternative Causality system has been employed to create different versions of an

environment, where oOneawséalitwhiwhitl éireh
di splay fAunrealistico one.

As presented in the table below, in the first group, subjects will be presented with
plausible event coccurrences, which should induce Causal Perceptieigsre 71).

A third group of subjectsHgure72)  wi | | be presented with d
effects, i.e. behaviours not semantically or physically related to the initial action (for
instance, upoithe impact of a glass on the table, the contents of a nearbywglass
evaporate). The Presence score for these two groups will be compared to the control
group, while simultaneously assessing the actual level of Causal Perception in each
group, through he anal ysis of the particihgvant 0s t

experienced

Group 1 Group 2: Group3
ifReal i s A No AUnreal i stic
Causalit Causal
Alternative Nearby Bottle tilts  Glass Floating Nearby Glass beer evaporatt
Effects _ and slowly
Nearby Menu tilts ) Nearby Glass breaks
Generated landing on
Nearby Candi tilts table Nearby Bottle breaks
Table surface cracks Nearby candle is projected.

Tablel : Experiments Groups and their different level@dusality realisms

Our last group represents the control group thus corresponds to an environment where
no physical cenccurrences are created. Namely, when a subject drops a glass, the
latter floats in midair before eventually landing on the table aftefew seconds,
without that landing being followed by any specific consequence. This behaviour
introduces temporal gaps (which are known to impair Causal Perceptions), while also
possibly decreasing perceived motion transfer (through slow or irregulapnmuaiti
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the falling object). For this control group, the Causal Engine was not activated,
instead, scripted behaviours were randomly selected, each corresponding to the

selected object returning to its original place unaltelreglige70).

Group 2
Absence of Causality

When released, glass is normally Glass stops and starts floating for Glass slowly glides back to the
falling for 0.2 - 0.4 seconds 1.5 - 2.0 seconds table
Figure70: Example of an fAabsence of cawusalit

Group 1:
Plausible Causality

Bottle Tilts ’ ; Menu Tilts

Table Surface
Cracks

Candle Tilts

Falling glass always breaks into parts
while an alternative effects is triggered

Figure71: Example of ceoccurrence generated by the system with a high level of

plausibility

(Experimentgroup lir eal i stic (i . e. pl ausi bl eo
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Group 3:
Unrealistic Causality

Glass beer Candle is
Evaporates Projected

Glass Breaks > Bottle Breaks

AN\ E——

After impact, Falling Glass lands static w
while an alternative effects is triggered

Figure72: Example of Ceoccurrence generated by the System with a low level of

plausibility

(Experiment group 3 unrealistic causality)

Questionnaire

We have selected 1questions from the original Presence Qioesaire of Witmer
and Singer (1998)xonsidering them from the perspective of how they could relate to
simulated causalitysée complete questionnaire in Appendix A at the end of this

thesis).

This questionnaireomprisesof 9 of the 12 questions of the Presence Questionnaire
categorised as questions exploring the Control factor. We have not included more
guestions in the Realism clustes most of these referred to multimodal sensory

perception and/or include@wsnd, which was not used in our experiments.

Furthemore it can also be noted that 9 of these 10 questions exhibit a strong
correlation between their individual score and the total PQ score (actually among the
highest correlations for all questions iretRQ) Our emphasis in this experiment is
however on Presencéactors in particular those dealing with control and
predictability.
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After completing their participation in the experiments, subjects were asked to fill in a
guestionnaire (complete questioraitached below). The questionnaire was presented
in a paper form and subjects had to respond by putting a cross on the continuous 7
grade scaleRigure73). The complete questionnaire used is available in thenappe

section.

Q1- How responsive was the environment to actions that you initiated (or performed)?

The environment | could see the
was not consequences of my
responsive actions

| had some influence on
the environment

Figure 73: Example Question and its associated response grade scale.

Each of these ten questionenepresented to the subjects as a continuous seeen

scale (from 0 to 6), where extremities, as well as thedimigoint were associated

with textual descriptions (as originally described in (Witmer and Singer, 1998)).
Consideratowas taken, at all times, not to men
in the =experiments?o i nstr yortin the gextualt h e q

descriptions underlying the grading scale.

Experimental Protocol and Settings

A total of 53 subjects were recruited and allocated to the three groups above.

1 Groupl-i Real i st i-comgriaed $6asuibjedtsy(average age 22.6; 18, ma
8 female),

T Group2AiNo Causalityo comprised 20 subject
11 male)

T Group3i AUnreal i stic Causalityo comprised

female and 11 male).

Subjects were introduced to a desktop 3D virtual enwent supporting interactions
with the virtual worl doés obinEBigutes9.andT he en
comprises five tables each supporting two glasses (one empty, one full), a beer bottle,

a lit candle ad a cardboard menu.
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Subjects were facing an <8ch screen from a distance of -86 cm. The
corresponding field of vision in the virtual environment was approximately 80
degrees. In addition, they operated in a quiet and silent room. The average ddiration o
a session was 30 minutes and each subject was rewarded for its participation with a

£15 voucher.

After being explained the basic interaction mechanisms for grasping, lifting, and
dropping objects in a similar but different environment (including a dnairting
session to familiarise themselves with the system controls), subjects were given

instructions for the Atasko they had to

The task consisted of the user having to select the empty glass from each table in the
virtual world, lift it above tre table, then drop it and let it fall on the table aiming at a
specific virtual marker drawn on the tabMote: this was instructedn order to avoid
unwanted or different situations from one user to another, sualswgectdropping

the glass on othebjects on the table).

They would then witness the virtual world reaction to their actions, in other words the
consequences of the falling pint hitting the table. The subjects would interact with the
virtual objects using the controls provided by the veatjame engine: through a
combination of mouse buttons and mouse movements they are able to select and
move objects in the 3D world. Visual feedback was provided for object selection as
well as object position above the table (through a virtual shadoapmkaring when a

sufficient height had been reached signalling the object could be dropped).

After each interaction, the subjects were asked to give a short textual explanation of
the observed events, which they entered directly on the computer usede for th
experiments. The rationale is that explanations, rather than simple descriptions, would
force the expression of causal concepts relating their actions to the observed system
response. These explanations were to be used in analysing whether subjeltys actua

attributed causality between the events they observed.

We thus collected four short textual explanations for each subject taking part in these
experiments (i.e. a total of 64 for Group 1, 80 for Group 2 and 68 for Group 3). The
average length of onextual explanation was 20 words for Group 1, and 30 words for
both Group 2 and Group 3 (as summarised in the table below).
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Number of Textual

explanations

Average length per textual

explanation (in number of

words)
GroupliiReal i stic C 64 20
Group2iiAbsence of 80 30
Group3iUnr eal i stic 68 30

Table2: Textual Explanations collected for eaghoup

The goal was to analyse these answers for the occurrence of causal explanations,

hence vhdating the existence of Causal Perception in any given experiment. The

analysis of free text explanations was also a way to determine how implausible events

were perceived or judged and whether mechanistic explanations were invented for

them.

Note: Vid@s demonstratinthe experiment for eaajroup are available online at
(http://ive.scm.tees.ac.uk/?pID=5&alD¥0r on the DVD attached to this document
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Result Analysis

Presence Score Analysis

W Grp 1 :"Plausible Causality" 7
[JGrp 2 :"Absence of Causality"
[ Grp 3 :"Unrealistic Causality"
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Figure74: Scores obtained per question / per grouf2{3)

The Presence scores for each group were calculated by adding the responses to all 10
selected questions-igure 73) on their 06 scalesFigure 74 represents the Presence
scores for each of the three groups with their error margins. For Group 1 (the group
with realistic causal effects) the average Presence score was 46.28; for Group 3 (the
group with unrealistic causal effegis was 33.92 and for the reference group, Group

2 (absence of causality) it was 30.82.

An ANOVA computed over the Presence scores revealed a significant effect of
Group, F(2,50) = 20.17,p < 0.001. Tukey HSD podtoc tests confirmed that
Presence Scorefor the Realistic Causalitygroup were higher than those in the
Absence of Causalitgnd Unrealistic CausalityGroups ps <.001), and that these

latter two groups did not differ.
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Analysis of Textual Feedback

In each group, subjects were asked to entescreen a brief explanation of the
phenomena observed after each trial. They were specifically instructed to explain
what happened rather than just to describe the events they had witnessed. The set of
explanations (five for each subject) was pooledrawnelividual groups and was
subsequently analysed for causal explanations. Some of the causal explanations

provided by the subjects are showarkigure75.

Group 1 “Realistic Causality”

Glass shattered causing candle to fall over.

When dropping the glass it moved the other glass along the table.

Glass shattered also knocking card over.

The glass broke and it moved the other glass to the comer of table.

The pint smashed which knocked the menu over.

The fractured glass pieces caused the menu to fall over.

When dropping the glass it broke and the pieces hit the candle which in turn fell over.
It smashed into lots of pieces and knocked over the beer bottle.

The glass smashed and knocked over the bottle.

The glass fell and smashed causing the bottle to fall over.

Group 3 “Unrealistic Causality”

The glass fell and broke the beer bottle next to it.

The pint full of beer broke. It happened because it was very close of the point of impact of the pint.

The glass fell and appeared to knock a candle off the table even though the candle did not seem to
be in the path of the glass.

The bottle of wine broke. | think it happened because it was the only closed recipient on the table
and the vibrations, due to the fall of the pint, have broken the bottle.

Comments expressing surprise in Group 3:

The beer in the pint disappeared like if somebody was drinking it. | have no explications for that
because it could not happen in real life.

Now the cross is on the left and when [ released the glass the bottle broke [ did not expect it. It
surprised me because [ was trying to put the glass on the cross.

| was very surprised this time, the glass which contains beer did not get empty but it exploded
when | released the glass. | expected that something happened but not a explosion.

When the glass was dropped the bottle in the background split. The top half of the bottle landed
on the table next to the bottom half of the bottle and the liquid from bottle spilt on the table.

Figure75: Example of causal gtanation provided by subject for grosih and 3
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One problenwith the interpretation of these textual explanations is of course the use
of language. Although sometimes a simple juxtaposition of descriptions can constitute
an implicit causal statement (seeg. (Oestermeier & Hesse, 2001)), we could only

interpret descriptions by making explicit use of causal vocabulary.

In adequacy with our preceding experimentation, we analysed each individual
explanation for causal expressions corresponding to lingulsscriptions identified
by Wolff, 2003).

Here is an example of what we have retained as causal expression:

1 Explicit causal vocabulary ( icauses, 0 fAcausing, o0 Aca
gl ass fell and smashed caustethqusihcthe bot
candle to fall over .o

1 Lexical causatives(verbs that allow speakers to describe a causal situation in
a single clause, as listed in (Wolff, 2003), digwhen dr oppi ng t he
moved the other .glass along the tabl eo

1 Two-argument activity verbs (also listed in (Wolff, 2003)) whenever their
effects are also mentioned to overcom
followingfigl ass shattered adrS8wh&modkoppgi Tta@

glass, it broke and the pieces hit the candle whichinr n  f e | | over o

It can be noted that such vocabulary encompasses both the reporting of Causal

Perception and the production of more sophisticated mechanistic explanations.

For each individual explanation, we considered it as a causal explanation taiheon

one or more of the above causal expressions. We then compute the ratio of causal
explanations for the whole group of subjedtgure 76 shows the results of that

analysis. For the reference group (Group ®)ere were no detectable causal
explanations (0% score). The few occurrences of causal (or mechanistic) vocabulary
(egfibecgduswedr e not referring to the events
own analysis of performance (efg] €] wh i c & mankibscaused had moved

the mouse after t h.dor@togslyplabsiblg eansality)othed r o p .
level of causal explanations was approximately 50%. For Group 3 (unrealistic

causality) it was 22%.
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Overall, a significant number of subjects plgnneglected to give the explanations
they were asked for, and merely gave descriptions of the events without any further
explanation. This obviously affected the absolute number of causal explanations,
although in a uniform fashion across groups.

60 -

50 M Presence Score
O Percentage of Causal Explanations

40

30

4628 [
20 + F—

0%

0 - T T P

Grp 1 :"Plausible Causality" Grp 2 :"Absence of Causality” Grp 3 :"Unrealistic Causality"

Figure 76: Presence Score and percentage of Causal Explanation per group

The detailed proportion of causal explanations provided by participants were 32/64
for the Realistic Causality group, 0/80 for the Noausal group, and 15/68rfthe
Unrealistic Causality Group. A Gi8quare test revealed that the frequencies of causal
explanations were distributed differently between the three gradf®) = 51.52,

p<. 00 1. Because the proportion of ®©Gfausal
causalityo), we a | s-8quane deastf anr thee Rlealisticnand h e r
Unrealistic Causality groups only. This test also revealed a significant difference in

distribution of causal explanations between those grafgs) = 11.23p<.001

Discusson

Several subjects perceived a causal link betweesccorring events, but provided in
addition mechanistic explanations, such a
perceived causality (asimt he vi brati ons due tkenthehe f al
b ot X Thesds consistent with reports linking Causal Perceptions to mechanistic
explanations (Schlottmann, 1999), although with this analysis, we were not able to
observe any instance of dissociation between Causal Perception and causality
judgment (Schlottmann & Shanks, 1992).
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The Presence score was significantly higher for Group 1 (plausible causality) than for
the control (Group 2), with a difference in total score of approximately 50% with
respect to the control group. Confirmation of Caudarception in Group 1 comes

from the level of causal explanations in this group, while confirmation that Group 2
indeed behaved as a reference group can be derived from the absence of causal

descriptions.

Secondly, no major difference in the Presencer&avas observed between Group 3

and 2. In Group 3, the system produced highly unrealistic associations and Group 2,
the reference groypvhere effects were selected not to elicit Causal Perception (even
though the difference observed was found to bessitally significant)There are

several possible explanations to this observation. The first one would consider that
Areali smd contributes most significantly
selection ofcontrol questions (some of which are egorised by Witmer and Singer

(1998) as involving both aspects,and sames o occur i n the MAReal
(Bob & Micheal, 1998) under a slightly rephrased fdfm)n that sense, the
unrealistic behaviour observed in Group 3 would be less likelpromluce high
Presence scores with the use of PQ. On the other harmhritvel factor of Presence,

being also defined in terms of anticipati@itmer & Singer, 1998)would naturally

be affected by the occurrence of unrealistic effects.

However, the snultaneous analysis of the verbal explanations suggests another
explanation, due to the low level of Causal Perception in Group 3, at 22%, which is
that some effects in Group 3 actually failed to induce Causal Perception. This is

further confirmed by the amurrence, in the textual explanations of Group 3, of

explicit statements of surprise or incomprehension. (e.gh | have no expli
t haftiot sur pr i g ed). dhmeemixbderesudtsiabserved for Group 3 could

be explained by the factthatsem Aunr eal i sti c eventso appe
others.

# The importance given to realism could constitute a limitation of the Presence Questionnaire, as it
would rule out Presence in some purposefully unrealistic environments (artistic installations or

fantasy/narrative worlds).

CHAPTER 6CAUSAL PERCEPTION AND PRESENCE Pagel67



Conclusions

The specific and novel contribution of this work consisted in attempting to relate one
well-observed psychological phenomenon, Causal Perception, to some fundamental
ideas of Preseme¢ namely the actichased conception of Presence (see e.g. Zahorik

& Jenison, 1998; Held & Durlach, 1992; Sheridan, 1992). Overall, these results
suggest a positive influence of Causal Perception on some Presence factors, which
cannot be entirely accouwkdor by physical realism, as many of the plausible causal
associations generated in te&periment involvingGroup 1 actually depart from
accurate physical simulation (this 1 s wh
t han O6r eal i s teicadtéria for eliciting @adisaliPerdception, mayt ble more

accessible to experimentation than those for complex concept such as realism.

Throughout this chapter, we have referreiq
as originally introduced by Witmer an8inger (1998), although they lack the
validation of factor analysis (Schubert et al., 20l interesting to note, however,

that in their paper on the analysis of the respective contribution of Presence factors,
Schubert et al. (2001) have only attrib ed a mi nor r ol e t o Aconi
(stating that it would account for only 2.9% of variance in Presence scores), making it

one of the least significant determinants of Presence. Our results would suggest that,

at least in specific circumstees, the effect of control and predictability on Presence

could actually be more important.

One question that we could not answer completely concerns the exact impact of
unrealistic causeffects associations on PreseniteGroup 3, subjects produced a

lower proportion of causal explanations and sometimes clearly stated their disbelief at
some observed effects. It could indeed be
effects could actually violate certain principles of Causal Perception, such @ feat

transfer or motiorampliation This should probably be revisited after gaining a better
understanding of Causal Perception in realistic environments, which will include

knowledge of relevant perceptual features inducing Causal Perception.
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CHAPTER 7: CONCLUSIONS AND PERSPECTIVES

Introduction

In this chapter, we will first reflect on the achieved objectives and results, before
concluding on further research perspectives. This chapter begins with a synthesis of
the thesis's findings, in which we alboefly revisit the original aims, hypothesis,
methodology and the results of the research. This is concluded by the presentation of

the different scientific publications originated from this research work.

In the second part, we introduce future work potential improvement by discussing

the extensions require to manipulate causality in larger scale environment.

The third part discusses and illustrates the potential applications of this research to
open novel perspectives in programming and understgndiaractivity in VR. We

begin by considering future experimentations on the role and determinants of Causal
Perception in interactive systems. We then turn to an illustration of the potential of

Al-based world behaviour for interactive and emergent t&iting.

In the final part, we conclude this thesis by making a couple of remarks on the

theoretical, technical and personal achievements realised.
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Summary of Findings

This research was originally motivated by the creation of alternative reality from
high-level principles and its exploration at an artistic and scientific level. The starting
point of this research was to facilitate the description of-teghl behaviours for
virtual worlds that would form part of interactive VR Art installations simuotati
alternative realities. One of the major difficulties in developing such installations, is to
properly translate the artistic intentions into actual elements of interactivity, which in
turn determine the wuser 6s e Xx pteernotiennct e .
alternative reality itself and its definition in term of "alternative" interactions also

represents a delicate challenge.

In this thesis, we proposed a novel approach to the creation of such virtual reality
experiences, stemming from our eyday experiences, based on the notion of
Alternative Causality (Chapter 1Qur underlying hypothesis relied on the concept of
Event Causality, which stipulates that humans have a compelling tendency to attribute
causality to physical event @xcurrencesAs Causality is an essential concept

through which we understand our reality, we have therefore posited that the elicitation

of Causal Perception from alternative action's consequences would persuade users of

a different reality. An alternative realityh&re causal principles underlying object
behaviour would appear different to our everyday reality. In essence, we assumed that
Alternative Causality is onessentiakey toa coherenalternative realityas itshould

induce a sense of novelty while givirg (causal) meaning to unusual events
succession (Chapter 2). Accordinglige core of this researawonsisted in producing
alternative event coccurrence@and provingthat they would nevertheless appear as

causally related.

Our underlying idea to indeccausal relation from abnormal event successions was
funded from the predominant theory of Causal Perception elaborated by Michotte
(1963). He demonstrated that evertoozurrence appearing spatially and temporally
contiguous, automatically elisita stong sense of causalityVe then refined our
Alternative Causality concept to rely on the elicitation of Causal Perception from

alternative collision event's consequences.

In order to experiment our hypothesis, we used Al techniques and symbolic

representdons to explicitly manipulate event -@mcurrences in a virtual
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environment. Consequently, an Al systeas been builbn top of a 3D game engine's
event system. The overall system supports virtual worlds in which the normal laws of
causality can be alted, by substituting the default effects of actions with new chain
of events. The system generates Alternative Causality by constantly intercepting,
interpreting, and modifying event's consequences, as they occur in the virtual world.
The range of the alteative effects produced, varies from "plausible” to "unrealistic”

according to the settings chosen.

In order to recognise and modify the normal consequences of an actiontimesal

the system represents actiand object at a symbolic leveBoth acton and object

have semantic descriptions that support fast recognition, comparison and
modification. The action representatiohas been terme@E (standing for Cause &
Effect). Once recognised and intercepted, the ordinary outcomes of the event are
modified by a heuristic search evaluating thPldusibility’ of each possible
alternative chain of events. Thisevel of Plausibility corresponds to a multi
component heuristic based on cognitive data and action analogy. This heuristic
represents a convenient rhaoism to generate and explore a large range of
alternative going from "plausible” to "unrealistic" Alternative Causality. This
mechanism represents an important aspect of this research, as it allows artists to guide
interactivity (i.e.an objects interations) towards different user's impressions using
one simple variable. We occasionally referred to this heuristic as thevel of
Causality Disruptioil since, in a certain sense, it can also be considered as an

amplitude of causality distortion when comge to realistic simulations (Chapter 3).

User experiments validated the ability of our approacimciples, and heuristics to
induce Alternative Causality fromealworld causality disruption. Our experimental
results corroborated the system's capaatyptoduce a large range of alternative
causal effects going from "plausible” to "unrealistic" causality (Chapter 4).
Additionally, thetwo VR Art installations exploiting our Alternative Causality system
have demonstrates ability to create artificial eality from highlevel principles,

while faithfully transcribing artistic intentions into actual elements of interactivity
(Chapter 5).Furthemore, in additionaluser experimentsve evaluatedthe role of
Causal Perceptioregarding a user's sense of presewithin a VE.We compared
causal impressions and Presence scores in environments, where realistic physical

behaviours have been replaced by alternative behaviours eliciting Causal Perception.
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Our results evidenced a positive correlation between thetagbhon of Causal
Perception and Presence. To a certain extent, these results question the importance of
the realistic factors regarding user immersion (Chaptedn6pverall, our results
demonstrated that the creation of alternative reality from-legél principles is
possible through the concept of Alternative Causality. We evidenced this approach by
proving that a singular alternative event-amxurrence canndeedinduce causal
impressions. Wehave also demonstrated that such Alternative Causality lba
generated from principles arst controlled byhigh-level conceptsi(e. our level of
Plausibility).

In conclusion, this thesis has presented an original approach to create alternative
reality in virtual environments based on higiel principles. Tis research
introduces a new method to control interactivity in VR, towards specific user's
impressions, based cognitive principles and on Al techniques. Different user
experimentations and artistic applications have demonstrated the viability and
versatilty of our approach to design virtual environments that suggest alternative
realities. The overall approach was based on the concept of Alternative Causality,
where the fundamental idea was to modify the course of actions to create alternative
reality impressions to the use®©ne of the essential aspects of this approach is its
ability to program and control causality in VR, at a symbolic level towards different

levels of plausibility.

At a fundamental level, experimental results indicated a positivelaton between
Causal Perception and Presence in VR. At a more practical level, this work illustrated
how Al-based VE opens novel perspectives to bridge the gap between design
intentions and user experience elicitations. The thesis's approach, expdiimgnta
and applicatins have been published in a widage of international conferences and

journals. The next section briefly lists those publications.
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Publications

Note: Publications and related video are available for download at

http://ive.scm.teeac.uk/?plD=5&alD=7 or on the DVD attached to this document (Appendix B)

This research has originated eleven publications in leading conferences and journals
(e.g. IEEE Intelligent Systems, VRST, ACBRESENCE, ACM Multimedia, and

IUl). The complete listfopublications is presented below:

9 Lugrin, J-L., Libardi, P., Barnes, M.,Le Bras, M., & Cavazza, M. (2004). Evdrased
Causality in Virtual EnvironmeniEEE International Conference on Systems, Man and
CyberneticsThe Hague, The Netherlands, voll56163

I cavazza, M., Hartley, SLugrin, J-L., Libardi, P., & Le Bras, M. (2004d). New
Behavioural Approaches for Virtual Environme®econd International Conference on
Entertainment Computing (ICEC)Lecture Notes in Computer Science ,Springer Bérlin
The Netherlandd/olume 3166/200429-48

1 Cavazza, M., Hartley, SLugrin, J.-L., & Le Bras, M. (2003a). Alternative Reality: a
New Platform for Digital Arts. ACM Virtual Reality Software and Technology
ConferenceOsaka, Japad00- 107.

The user exgriments on the elicitation on Causal Perception have supported an
international publication at SMART GRAPHICS 2006 conference. This conference
brings together Computer Graphics, Atrtificial intelligence and Cognitive Sciences,
focusing on graphics envirorants and their role in supporting a deeper
understanding of human perception, cognition and action.

9 Lugrin, J-L., Cavazza M., & Buehner, M. (2006). Causal Perception in Virtual
Environments.In the Proc. of 6th International Symposium on Smart Graphics
Lecture Notes in Computer Science, Springer Berlin / Heidelberg, Volume
4073/200650-61.

The research on Presence and its relation to Causal Perception has been published in

the PRESENCE Journal, a leading journal in the study of Presence since 1992.

1 Cavaza, M., Lugrin, J-L., & Buehner, M. (2007). Causal Perception in virtual
reality and its implications for presence factdtsesence: Teleoper. Virtual Envirpn
16,6 (Dec. 2007), 62842.
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The overall research on VR Art, Alternative Reality, Causality Akrbased World
Behaviour has elicited five publications in international conferences and journals

related to Intelligent Entertaining Systems, Creativity and Cognition

1 Lugrin, J-L., Cavazza, M.,Palmer, M., & Crooks, S. (2006).-Mddiated
Interactiongn Virtual Reality Art,IEEE Intelligent Systems Journal, Special Issue on
Intelligent Technologies for Interactive Entertainmés). 21, No. 554-62.

1 Lugrin, J-L., Cavazza, M.,Palmer, M., & Crooks, S. (2005).-Mediated
Interactions in Virtual RealityArt. In Proc. Of. Intelligent Technologies for
Interactive Entertainment (INTETAIN 2003)ecture Notes in Computer Science,
Springer Berlin / Heidelber, Volume 3814/2008-83.

1 Cavazza, MLugrin, J-L. Crooks, S. Nandi, A. Palmer, M., &Le Renard, M.q2D
Causality and Virtual Reality Artrifth International Conference on Creativity and
Cognition, Goldsmiths College, LonddxCM Pressd-12.

1 Cavazza, M.Lugrin, J-L., Hartly, S., Libardi, P., Barnes, M. J., LeBras, M., Le
Renard, M., Bec, L., & Nandi. (2004b). New Ways of Worldmaking: the Alterne
Platform for VR Art.In Proc. Of. ACM Multimedia 2004ew York, USA, 8687.

1 Cavazza, M.Lugrin, J.-L., Hartley, S., Libardi, P., Barnes, M.J, & Le Bras, M.
(2004c). ALTERNE: Intelligent Virtual Environménfor Virtual Reality ArtsSmart
Graphics 2004 Symposium, Banff, Canadacture Notes in Computer Science,
Springer Verlagvol. 3031 21-30.

The research on immersive VR platforms and its relation to VR Arts has been

published in the ACM Conference éulvances in Computing Entertainment (ACE)

9 Jacobson, J., Le Renard, M.ugrin, J-L., & Cavazza M. (2005). The CaveUT
System: Immersive Entertainment Based on a Game Ergiioc. Of thesecond
ACM Conference on Advances in Computing EntertaingdediE), 184-187.
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Future Work:IntegratingCausality intoPhysics in VE

For thepurposeof this research, wenly considered and manipulat€husalityin
smallscalevirtual environmerg and only in term ofvent ceoccurrencesn order to
extend our workd larger environments and interpret letegm causal relationships,
the whole system will need to be revisited. T(ne)insertion of Causality above
Physics in VE will indeed request an approach whiohill consider physical,
functional and structural progees of virtual objects in further depthhe recognition

of causal actios, going beyond simple action/reactjoimplies then the need for
representations supporting more complete descriptions of wahdiamics and
objects Yet, the inclusion of Artiftial Intelligence representations and their use
within 3D graphic worlds face both fundamental and technical issues due to the
difference in representational logic between computer graphics and knovolesiex

systemgas discussed in Chapter. 4)

In a reeent paper (Lugrin & Cavazza, 2007) we introduced such a framework
integrating causal interpretations above both physical and graphical simulations. This
paper introduced rainnovativeframework for an efficient integration of semantic
representations in VRsupporting the interleaving of simulation and interpretation
(Figure 77). We articulated object and action representations into the cycle of
transformations affecting the virtual world, and investigated the specific
representatinal problems faced when relating the virtual world dyita to
knowledge structure$n our prototype, we have integrated work from several areas of
Artificial Intelligence supporting Common Sense reasoning (mostly Qualitative
Reasoning and Knowledge Repentation), and have proposed an architecture for
their reattime integration into VR(Please refer to the original publication for further

details,available on the DVD oat http://ive.scm.tees.ac.uk/?plD=5&alD3x7
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Figure77. System Architecture for the Integration of a Knowledge Layer in an

Interactive 3D Environment

This paper represents a first step towards futargescale experimentations on

causal perception as well as the integration of semantic information in VRrtéal v

worlds are mainly governed by physical simulations, it appears relatively important to
impose semantic representation to those procedural physical/graphical
representations. As highlighted in Chapter 3, the research on Setvesdit virtual is

congantly gaining more interesfAs the integration of semantic data represents an
essential step towards the anal ysithe of si
userd6s behaviour, the interactions in na
configuration or state. One perspective of this work is thus to continue toipaieic

to the establishment of suchSamantic VRand its application to different domains

In that sense, the next section discusses and illustrates the potential applications an
perspectives of this research regarding fundamental research in cognitive science, and

more practical research in interactive storytelling.
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Potential Applications

This thesisopens novel perspectives, both in terms of improving and studying
interactivty in virtual environments. Therefore, we begin by discussing future
explorationsof causal inferences in VR, where we briefly describe directions for
future psychological experimentatioms VR. The second parthen illustrates the

perspective onAl-based Causality approach in the field of emergent narrative.

Experimentations on Causal Perception in VR

As previously mentioned, further experiments on Causal Perception could improve
our overall comprehension of causal attribution, and have an impact Fon V
conception and implementation. For this reason, the following section will discuss a
number of further experimentations with Causal Perception in VR, which will

continue our evaluation of the role and determinants of causal inferences in VE.

The work preented in this thesis has the potential to support various kinds of
scientific experiments on Causal Perception, within a fully immersive and interactive
setting, and as such, could provide new tools for cognitive research. As previously
described, most search on Causal Perception has been based on experiments that
used simple animations and artificial tasks (Wolff, 2003, 2007). In addition, most of
the fundamental experimentations of Causal Perception involved primitive animations
of symbolic shapes (ale, square)Consequently, the absence of background and the
simplified nature of shapes may make certain features more salient. Furthermore,
current experimental paradigms based on animation, could be limited by the poor
engagement of the participant. tHe participants only engage superficially, rather
than being absorbed in the task, they may not be able to sustain enough attention to
keep track, for insince, of longerm relationsOn the other hand, a realistic virtual
world, in contrast, suggestbat what happens is the result of a complex set of
interacting rules and constraints, and should have better ecological vdhditys
contexta realistic environment does not refe
but contrasts with the symbolenvironment.Therefore, the lack of realism and
engagement of the traditional experimental apparatus rdiseguestion of whether

some aspects of realorld situated Causal Perception are accessible to current

experimental approaches.
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Therefore, infuture work, we should raddress traditional Causal Perception
experimentationausing nonsymbolic interactivevirtual environments and so re-
evaluate the strong stimediased aspect of Causal Perception. Another advantage of
the use of unrealistic virtl environments for cognitive experimentations is that they
will alsoallow to further experiment other determinants of Causal Perception, such as
the necessity of prior experience, as proposed by White (2006). VR system could
indeed provide an ideal platfm to experiment other causatidfor instance, our
system has relied on the Michotte's theory of Causal Perception, but certain causation
theories deriving of Transferences theory propose more elaborated models of causal
attribution, which have not beaxtensively experimented yet. Thus, we could also
imagine constructing and experimentingth VR systembased on other causation
theories, such as the Features Transfers theory (Kruschke & Fragassi 1996).

Emergent Narrative & Alternative Causality

Researb in Interactive Narrative has developed new approaches to the behaviour of
virtual actors, but has dedicated little attention to the physical behaviour of the
environment in which the action takes pladée work presented in this thesis
represents a fitssteps towards the inclusion of narrative elements at the objects'
physical behaviour levelnla recentthis paperwe illustrated thepotential of Al

based world behaviodor emergent narratives (Lugrin & Cavazza, 2006)ine with

the work presenteth this thesis, we applied the concept of Alternative Causality to
the generation of interactive storytelling, where narrative aspects influence object's
behaviours. The papeatescribed a method supporting the-bFsed simulation of
object behaviour, schat interactive narrative can feature the physical environment

inhabited by the player character as an

As previously explainedni this thesis, the generation of alternative causal relations
wasonly guided towards the level of Plausibility wishéthis mechanism has been
convenient to explore our Alternative Causality hypothesis and provide a single and
elegant variable to distort the whole world causalitgwever, he main limitatios
deriving from such approach is the difficulty to control a@ondsuggest londerm

alternative causal laws, as the search results may differ according to the context.

In our paper(Lugrin & Cavazza, 2006we proposed to add a novel level of control to

the generation of alternative evart-occurrences, through thietroduction of an
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additional heuristicA completeprototype has been developed on top of the Unreal
Tournament game enginaet r el i es on our ACausal Engi
bypasses the native Physics engine to generate alternative consequencgsrto pla
interventionsOn this version, the Causal Engine has been modifiedp@ctesow

using a small deptbound planning systemwvhich it is used to determinthe most
appropriate object behaviours following player interaction. The prototype is itetstra
through a test application called fADeath
and horror films, in which the kitchen is plotting against the player character to
generate domestic accidents ($egure 78 below; note Please refer to the original
publication for further details, available on the DVD or at
http://ive.scm.tees.ac.uk/?pIlD=5&alD37 The thesis's outcomes completed by our
current research, demonstrate the potential of Percelpdised/Afbased world
behaviour in VR.A natural evolution of thigsesearchwould be to rancorporate it

within an Interactive Storytelling system that would provide Hegrel control over

the plot and the role of virtual actors

Figure78: An Example of Hazardous Action Generation based on Alternative

Causality principles
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