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Abstract

Virtual reality (VR) allows deception to be used as a computer mediated communication strategy to gain trust of others. In addition, eective communication in
a virtual environment relies on the ability to detect deception in avatar representations and behaviour. Most of the research that has been done has focused on
traditional video, audio, our text based communication. This leave opportunities
to examine virtual reality representations. A virtual reality simulation has the
potential to ll this gap, investigating how humans perceive facial gestures of a
virtual avatar when mediated through virtual world representation.

This research compares fully synthetic 3D virtual avatars with 2D virtual avatars of a synthesised real human footage in a scenario representing a
virtual reality mock-up of an interrogation.

Participants consists of untrained

deception observers are separated into two groups according to which model of
virtual avatars they would be assessing. These avatars facial gestures are modelled based on a parameter of a real human.

The application is dierentiated

into three stages: pre-training, training, and post-training. By giving deception
observers the same set of questions with a similar nature, the application records
the judgement that the participants made for each statement and their movement
through the experiment.

The ndings shows that the 3D virtual avatars and 2D virtual avatars
are perceived the same way. By showcasing both simple and complex deception
scenario, we nd that the accuracy of 3D virtual avatars observers are less than
the other group. The deception observers also shows the tendency of observing
the entire facial area, which results in poorer accuracy in deception detection.
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Chapter 1:

Introduction

This chapter provides relevant background information to argues that the study
is relevant and needed. The basic concepts of the research are explained to give
reader a basic understanding of the concepts used and details the study contribution to several relevant topics. Finally, an overview of the thesis is explained.

1.1 Rationale
Ever since the successful usage of internet in the 1990s the term computermediated communication (CMC) has been used to refer to communication activity that is done with the medium of technology (Palme, 2011). The form of
CMC has also evolved to the point that it enables us to do both synchronous and
asynchronous communication without the limitation of distance.

With the wake of Virtual Reality era, people has been developing the
technology as a communication media.

For this, CMC needs to adjust them-

selves accordingly to deliver communication in the immersive medium.

At the

current stage, communication in VR is done using virtual avatars to represent the
user's identity. This has been implemented in many applications including virtual
reality-based business meetings (Anton, 2019; Shankar, 2017) and communication
games (Ubisoft, 2016; Zatkin and Detsaridis, 2018). This bare dierences with
normal video conference or recording system that show the real-time footage of
the users.

When it comes to communication, the people involved use communication strategies to ensure it ows the way that they intend it to be.

In this

case, deception can occur, even more in virtual avatar-mediated CMC which
provides more opportunities for presentation manipulation (Galanxhi and Nah,
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2007).

Naturally, people would not like to be deceived and those who deceive

would like to do well in order to reach their purpose. However, there have not
been many studies that focus on how virtual avatars gestured perceived by the
spectating eyes or if there's a chance for a human to be trained to recognise
the virtual avatar gestures with the virtual reality medium. In addition to that
Walther and Burgoon (1992)suggests the possibility of communication might be
altered according to it's medium, considering the restriction of the media concerned. This opens the need and opportunity to bridge the gap between what
has been researched and the current situation.

1.2 Research questions and scope
Taking both computer mediated communication and the possible use of deception
into account, the research is driven to answer the following research question:

1. Do people perceive 3D virtual avatar and 2D video footage of real human
the same way?

2. How well can people detect deception in VR?

3. Can people be trained to recognise deception cues in VR?

4. What are the specic facial area that people observe for deception cues?

Just like a normal communication process, CMC occurs in both verbal and nonverbal form. Non-verbal communication cue occurs more than verbal cues(Zuckerman,
Koestner, and Driver, 1981). Using this as a basis, the research is limited to only
assess the facial gestures of the avatars. Due to this, the gestures are limited to
the movement of the eyebrows, eyelids, lips, and mouth. This is done to give the
participants a more focused experience and so the study can have a more specic
answer.

This research investigated the use of non-verbal communication, particularly facial gestures via virtual avatars in the virtual reality world. Two controlled
experiments were conducted to answer the questions the research seeks.
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1.3 Research approach
The ndings of this study can be benecial to the development of computermediated communication application, especially in virtual reality sector. Considering that degree of avatar trustworthiness could be a vital role in some of the
application today, this study hopes to produce a guide that can be referred to
when it comes to designing trustworthy or deceitful avatars. For the researcher,
the study helps them to uncover areas that have not been well explored in CMC
using virtual reality. Thus, the answers to the research question is discovered and
can be assessed for future usage.

The overall approach of this research are:

1. To investigate the eective facial gestures parameters that would showcase
honest or liar avatars.

2. To build an application in virtual reality to see how do people perceive
virtual avatars facial gestures.

3. Explore the role narration play in deception judgement in regards to deception accuracy.

1.4 Overview
To answer the research question, the study adapted some past studies to build
a virtual reality experience to observe the performance of untrained deception
observers in detecting deception. The deception observers are separated into two
groups according to the type of a virtual avatar observed.

The virtual avatar

types are a fully computer generated 3D virtual avatars or 2D virtual avatars
produced from a synthesised real human footage.

The virtual avatar is modelled based on a real human facial parameter
in a real deceptive or honest scenario to provide an authentic experience. The
scenario showcase simple and complex deception. Simple deception consists of a
short answer of yes or no. In a complex deception, observers have to make a
judgement based on 4 simple deception sentences. Half-truth answer occurs to
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the portion of truth answer that a deceptive agent state. By having a complex
deception scenario, the study can account the impact of the presence of a halftruth in observer performance.

In addition to that, the virtual reality experience is also developed for the
training purpose. This is done by providing a training section where observers
can see the correct answer to a question and able to replay the scenario given to
match these answers with the facial gestures.

The thesis details the method of the research which discusses the approach, design of experiment, and limitation that occurs during the study. From
the data of 12 test subject, the result is analysed and discussed to answer the
research questions. From this, conclusions are drawn and a possible future work
is explained.

Chapter 2:

Literature Review

This chapter discusses some literature to deepen the understanding of aspects
that relates to this study. Starting with a brief information of the discussion in
the chapter, the chapter further details the studies and ndings in the past for
virtual reality experience, virtual avatar, and deception in computer-mediated
communication. From this, the conclusions are drawn to create a hypothesis and
methods of the experiment.

2.1 Introduction
People use communication strategies to ensure that they can communicate as
intended. Deception is a communication strategy that is generally less favoured
but often used. Naturally, people would not like to be deceived.

At the present time, computer-mediated communication (CMC) needs
to adjust themselves with the recent development of virtual reality (VR) as communication media. In virtual reality, users are represented with virtual avatars.
In this case, Galanxhi and Nah (2007) argues that deception tends to occur more
when a person is behind a virtual avatar.

Drawing conclusion from the discussion, there is a need to discover a way
an observer can detect deception in computer-mediated communication.

To see how this can be approached, this chapter looks into past studies.
The rst discussions are grouped in the virtual reality environment section. This
concerns how the virtual reality is dierent than the other CMC media, what
form of CMC has been observed with VR, and the experience model that has
been used for similar research that utilises VR (see section 2.2.1).
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Considering that deception is the main issue of the research, the next
section details how deception works in CMC. This includes how deception is
presented, the strategy can be used to detect it, the cues to deception, and
deception relation to facial gestures (see section 2.3).

The next section concerns a virtual avatar that is used to represent a
person in a VR environment. The discussions argue about the need to be perceived as trustworthy in CMC environment, the form of a virtual avatar to give
a better representation of deception in VR, and how to generate facial gestures
of virtual avatars (see section 2.4).

At the end of the chapter conclusions is drawn to form a method for the
research and expectation on the ndings according to the past researches.

2.2 Virtual reality experience
The usage of virtual reality (VR) has been steadily increasing and is predicted
to increase even further as the hardware becoming more accessible (Karl et al.,
2018). This section explores the reason behind the usage of VR when compared
to the normal environment, the integration of computer-mediated communication
with the environment, and the best form of virtual reality experience to be used
for this research.

2.2.1 Virtual reality environment

Virtual reality oers an immersive experience by tricking the user's visual to
convince the users they're in a dierent reality. In addition to that virtual reality
has an element which able to track the user's body movement and interpret it
with respect to the visual displayed (Parisi, 2015). By utilising this feature virtual
reality has been used for wide variety of purposes such as business meetings
(Anton, 2019), education (Rosedale, 2017), and communication games (Ubisoft,
2016; Zatkin and Detsaridis, 2018).

From the discussion above, we can see that the virtual reality environment is dierent from the real environment and normal computer-mediated environment. To extend this, A. Kim et al. (2018) conducted a study to compare the
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human emotional response of lm viewing in a virtual reality environment with
normal environment. The ndings show that virtual reality environment arouses
users emotional response more than a normal environment. However, not many
meaningful dierence can be found between the conditions when the material
showcased it's an empathetic movie.

Blandón-Gitlin et al. (2014) argues that cognitive skill is required to
detect deception and Lalonde et al. (2013) conducted a research to see whether
virtual reality is a good environment to test cognitive skill. Lalonde et al. (2013)
measure 38 participants performance in Virtual reality environment.

The task

consists of following virtual teacher instruction in matching a colour spoken with
the colour of an object and choosing a colour of a text that matches the word
written.

The result is compared to the same study conducted in standardised

paper pencil based test.

Lalonde et al. (2013) studies nds a better performance in the virtual
reality score.

This support their proposisitons that virtually enriched environ-

ments is a better way to test cognitive skill. In addition, Lalonde et al. (2013)
also found that VR technology could benet people to enhance the enjoyment
that would increase the motivation of the users.

Another thing to be noted from Lalonde et al. (2013) research is the
task was not related to the presence of virtual avatar in the world. In contrast,
A. Kim et al. (2018) research involves virtual humans, however, the projection
of the footage used in the experiment is still in normal 2D footage. This opens
an opportunity to bridge the gap by creating a virtual reality experience that
assesses deception in virtual avatar which is modelled with 3D objects that can
be viewed from any angles.

2.2.2 Computer mediated communication in virtual reality

By nature a human is social entity and with the recent development of virtual
reality (VR) to facilitate computer-mediated communication (CMC) (Shankar
2017; Anton 2019; Ubisoft 2016), we are facing a future of which communication
in VR is important.

Smith and Ne (2018) conducted a study to see the behaviour of human
communication in VR. This is done by translating VR users movement into their
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3D environment avatars so it would support nonverbal communication in addition
to verbal communication. By separating their participants into an environment
where they are just talking normally face to face, with embodied VR, and VR
without visible virtual avatars.

In their research, Smith and Ne (2018) measures nonverbal behaviour
by focusing on the frequency, types, and information of gestures. Their ndings
show that in face to face VR gesture frequency are higher than in the case where
there isn't VR embodiment.

VR embodiment also has lower gestures average

value than in face to face scenario, although the dierence is not great.

Considering that we are striving to improve the virtual reality experience
to bare more similarity with normal face to face environment, these ndings lead
to an idea of creating a real human-like VR avatar by measuring the actual
parameters of normal human communication.

2.2.3 Virtual Reality Experience Model

Before we built virtual reality application, we need to gure out the suitable
form of the application. It is common for virtual reality-based training to utilise
simulation as their application model (Broekens et al., 2012; Lalonde et al., 2013).
In addition to this, some communication and deception detection research also
used simulation application to observes their participants performance (J. M. Kim
et al., 2009; Fulmer, Barry, and Long, 2009; Miglino et al., 2007; Shaw, Porter,
and L. t. Brinke, 2013). This usage is also supported by Peters and Vissers (2004)
who argues that a simulation game or application can be used as an assessment
tool.

Thornton and Morris (2001) did a research using a simulation application
to assess worker job performance history and compares this performance to an
ideal model in order to determine whether they're t for promotion or not. Their
method reveals the needs to split the simulation assessment application model
into two, one where it has all the normal virtual reality environment and another
that has an ideal scenario that the participants are more familiar with.

This

study fulls this requirement by dividing the participants into two groups. The
rst group is the experiment group which conduct the study in normal virtual
reality environment with 3D virtual avatars and the second group also use virtual
reality equipment but observes a normal 2D human footage as the ideal group to
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be compared to nds out the participant's performance (see section 3.2.1)

Considering the application developed for research by Thornton and Morris (2001) does not involve any major real-time data collection, which is crucial
for this research as it would propose an application to be used to evaluate people
deception detection skill, we are going to take a look at the deception detection
research that has been done.

Zhou, Sung, and Zhang (2013) asses the ability to detect and perform
deception by observing the participants performance in deception games called
maa. A key point in the game is that it involves a hidden role that the player
has to predict and failure to discover this results in losing the game. This form
can be applied to the application by having the participants to judge whether the
avatar is the suspected hidden role or not in order to uncover the deception.

Regarding to the equipment itself.

Virtual reality not only provides a

dierent environment to be observed, the the movement of the player using the
headset can also be tracked (Parisi, 2015).

From this, we should be able to

see whether they are facing the avatar during the duration of the experiment
and count the distance between them and the object that is observed.

This

collected data could be used to discover the reasoning behind the participant's
performance.

2.2.4 Conclusion

From this section, we can conclude that simulation experience in virtual reality
can be used in order to see people performance in deception detection in the
virtual world.

The nature of the application includes participants determining

the occurrence of a hidden role in a virtual reality avatar that resembles a real
human. This virtual reality avatar should be modelled by measurement of real
parameters of real human communication to form their gestures. More discussion
on how this would be achieved is explained in the virtual avatar section (see
section 2.4).
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2.3 Deception in computer mediated communication
Just like in normal communication environment, deception occurs in computer
mediated communication (CMC). In addition to this, Walther and Burgoon
(1992) argues that the deception are more likely to occurs as people are taking the advantage of the restricted nature of CMC when it's compared to normal
communication. In this part, we are going to discuss the method, cues, and the
way to detect deception. At the end of the section, conclusions is drawn to create
a hypothesis and methods of the experiment.

2.3.1 Deception Strategy

Misleading others is the core intention of deception (Sai et al., 2018). In this case,
people may give a false statement that is inconsistent with the truth to deceive
others.

However, in some cases, this strategy may not be used.

Instead, the

deceiver tells a truthful statement to inuence the others to think that they are
not being deceptive (Vrij, 2008; Rogers et al., 2017). Rogers dene this method
of telling a truth to create a false impression as paltering (Rogers et al., 2017)
while others refer this as a half-truth (Rubin and Conroy, 2012).

Bond and DePaulo (2006) conducted a study to analyse the accuracy of
deception judgement in human perceivers with no special aids or training. The
study arranges people to either lie or tells the truth in a message format. The
result found that people achieve an average of 54% for their accuracy in the judgements. In specics, 47% accuracy as detecting lies as deceptive and 61% is correct
in detecting truths as non-deceptive. Another study by Rubin and Conroy (2012)
measures human detection skill in assessing deception by presenting them with
a recorded voice based deception scenarios, 73%-75% accuracy for non deceptive
and 33-39% for deceptive.

Considering there is a chance a deceptive scenario has some truth in it,
Rubin did a study to look into this case further by scaling the deception scenarios
according to how much lies does it contain. The ndings show that the mix of
lie and truth add complexity which leads to confusion among human perceivers,
there is a higher chance of a case being labelled as deceptive when someone detects
more lies in it (Rubin and Conroy, 2012).
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The ndings lead to an expectation that if a deception observers are faced
deception with dierent strategies where one is a pure lie and the other have some
half-truth, they should achieve a higher accuracy in detecting case that contains
pure lie than those with a half-truth. This also opens a question of whether the
accuracy rates reects Rubin and Conroy (2012) and Bond and DePaulo (2006)
ndings when the deception observers are presented with a virtual human that
showcase a deceptive gestures.

2.3.2 Verbal and non-verbal cues of deception

As deception is a part of communication, it inherits the same forms from the parents. This is why deception can leaks verbal and non-verbal cues. Considering
that today's technology has the ability to delivers both forms of communication, Vrij (2008)argues the needs to have both form available when measuring
deception.

Tepper and Haase (2002) proposed a 2:1 ratio of non-verbal to verbal
variance. Adding more into this, Ekman and Wallace V Friesen (2003) conducts
a study to see how people detect deception in face to face communication and
argues the importance of non-verbal leakage rather than verbal leakage.

To see whether audio or visual are a better way to detect deception.
Hocking et al. (1979) conducted research by presenting footage of deception in
four categories: transcript only, audio only, visual only, or both audio and visual.
They measure deception detection by calculating the accuracy of participants
choice and also by dierentiating deception into emotional segments and factual
segments. In this case, emotional segments are a deception that is based on the
deceiver feelings while the factual segments are a deception that is based on the
facts of what has happened.

Hocking et al. (1979) ndings show that in factual segment visual only
deception detection method does not perform as well as the audio-visual or the
audio only. While in emotional segments the audiovisual and visual only group
performs better in deception detection when it's compared to the audio only
group.

In relation to this result, Vrij et al. (2000) argues that observers per-

form poorly in detecting non-verbal deception because they don't know where to
look.
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In order to prove this theory, we limit the deception leakage to non-verbal
deception.

In addition to that, the researches mentioned above still prove the

needs for the study to showcase a verbal communication. Due to that, the study
still implement verbal communication with a limitation to focus the deception
observer to the non-verbal leakage.

2.3.3 Detecting deception in facial gestures

Based on Ekman and Wallace V. Friesen (1974) deception leakage theory, in
relative to the face, the body is less controllable and therefore a better source of
leakage. However, Ekman and Wallace V. Friesen (1974) research was centered
around emotional deception which occurs when a person does deception on what
they're feeling rather than the factual truth.

To extend this, Hocking et al. (1979) conducted a research to nds out
whether head or body is better to be observed for deception detection. This is
done by separating their participants into observing footage which shows only the
body, only head, and both. Their ndings show that in both factual or emotional
deception, observers perform better in detecting deception in the head features
when it comes to the factual statement but slightly lacking in an emotional statement.

One thing that Hocking et al. (1979) was not able to determine if a
further specication on which part of the body that considered to be the most
important in detecting deception. Basing on a theory that when deception leakage
is shown by the inconsistent emotional expression, Porter and L. t. Brinke (2008)
observes this occurrence by separating the calculation for the upper and lower
face. Most of the ndings show that more leakage was showcased in the lower face.
Classifying this further, out of 4 intended emotion showcased, there was only one
where inconsistent emotional expression occurs in the upper face. In consequence,
it means that there should be a greater chance for deception detection to be
accurate in upper face rather than in the lower face.

Considering the experiments mentioned above occurs with a real human
as a deceiver, this research compares the result to see if the same thing occurs in
3D virtual avatars too.
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2.3.4 Conclusion

From the discussion, we can conclude that deception observer perceives virtual
reality experience just like physical world occurrence if they are able to achieve
the results that resemble past research ((Rubin and Conroy, 2012; Bond and
DePaulo, 2006; Porter and L. t. Brinke, 2008)). The discussion also formulate a
way to see this is by limiting deception leakage to non-verbal discussion without
sacricing any of the communication form in the application.

2.4 Virtual avatar
When we take a look at available virtual reality applications that accommodates
computer-mediated communication. What can be commonly found are the one
which represents the users or the characters in a virtual avatar (Ubisoft, 2016;
Anton, 2019). This section presents an argument on the needs of an avatar being
perceived as trustworthy, details the choice of the representation to be used in
the application, and looking at past research to formulate a way of translating
normal human parameters into these avatars.

2.4.1 Trustworthy avatars

When people interact with others they are mainly interested in establishing someone's intention (Brambilla et al., 2016), this judgement is what can be considered
as the rate of trustworthiness.

(Cottrell, Neuberg, and Li, 2007) conducted a

study to prove how much human seek others with trustworthy behaviour by giving their participants a questionnaire where they have to use dene characteristics
to create an ideal person. Trustworthiness comes rst out of 13 categories and
these traits are the most desirable in an employee, casual acquaintance, and romantic partner.

This trait is also the second most desirable trait in a project

team member, in which intelligence precedes this.

To further the reason behind the need for a trustworthy avatar, Tingley
(2014) did a research by observing people performance in an economy trust game.
By having two participants in anonymous settings select an avatar to represent
them in the virtual world before beginning a negotiation where one participant
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act as a sender who has to send money to the other who take the receiver role.
The research nds individual perceptions of face trustworthiness has a positive
inuence on the amount of money being sent.

Now, in a case of deception, just like how it is in the physical world, the
rate of trustworthiness of a person can decrease when there is a suspicion of deception (Dunleavy, Chory, and Goodboy, 2010). In consequence, understanding
what avatar would be considered trustworthy is important in order to design an
avatar that could perform as well as it's expected.

2.4.2 3D humanoid virtual avatar

Taking a look at the virtual reality application that has been released, most of this
application share the same characteristic in representing their users or characters
in the form of 3D virtual avatars. As it was noted in the virtual reality experience
model section, simulation application needs an environment that resembles it's
normal usage (Peters and Vissers, 2004). In this case, the virtual reality environment use in this experiment needs to share the same look and feel with other
virtual reality applications. In consequence, 3D virtual avatar is chosen to be the
subject that interact and observed by the user in the application.

The virtual avatar can be humanoid and non-humanoid. To see which
one would be more suitable for the application, we take a look at some of the past
research. In sports experience of virtual reality, fully humanoid virtual avatars
are used to represent the users and the characters (Bideau et al., 2010). In other
studies that observe human communication in virtual reality (Rovira et al., 2009)
fully humanoid virtual avatars are also used.

Similar usage occurs in virtual

reality based communication application(Anton, 2019; Ubisoft, 2016).

Due to

this, we conclude the need to use a humanoid virtual avatar in the application.

To see whether humanoid virtual avatar is comparable to normal video
footage we take a look at Rizzo et al. (2001) study to see how human perceives
the expression of virtual avatars by having their participants to observes a 3D
human head model with wrapped head footage of real human. Some of the key
ndings prove that a person perceives 3D virtual human and real human from
the video footage the same way.

In normal application of virtual avatar, the avatars are fully modelled in
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3D and animated with controlled parameters instead of sticking wrapped footage
of real human into the model. Considering this is the type of virtual avatar that
people more likely to encounter, opens a question whether the way they perceive
the 3D virtual avatars is consistent withRizzo et al. (2001) ndings.

2.4.3 Facial gestures

The ability of avatars or another object in the virtual environment to behave like
their counterpart in the physical world is known as behaviour realism (Swinth
and Blascovich, 2002). In his study, Swinth and Blascovich (2002) argues that
behaviour realism is more important than photo-realism or how the appearance of
avatar is. He concludes that an avatar may also be considered to be behaviourally
realistic when their movement resembles their non-virtual counterpart or when
these movements are believable.

Section 2.2.1 mentioned an idea to create a humanoid VR avatar representation by the measurement of actual parameters derived from real human
gestures. To do this, we need to see what can of parameters we can produce from
real gestures.

Some deception studies have been trying to relate the detection method
with facial expression.

One of the theories is there is uncontrollable gestures

which are inconsistent emotional expressions that occur whenever someone is being deceptive (Ekman, 1992). For example, showing fears when they're intending
to be happy or looks happy when they're supposed to be sad. Porter and L. t.
Brinke (2008) conducted a study that measures these expressions and classies
the way people evaluate this emotion by separating it into the upper face and
lower face. Their critical nding is that people who do deception would do at least
one inconsistent emotion during the duration where they're being deceptive.

To further classify it, Kulkarni, Reddy, and Hariharan (2009) theorised
that the facial expression analysis deals with visually recognising and analysing
dierent facial motion.

In their study Kulkarni, Reddy, and Hariharan (2009)

proposed the use of real-valued parameters in order to see the motion change of
facial expression. From this, Kulkarni, Reddy, and Hariharan 2009 denes the
parameters by labelling them with their associated emotion (neutral, angry, disgust, fear, sad, happy, and surprised). Their ndings show that the measurement
of the parameters has 90.4% accuracy.

16

The problem with having participants dening deception based on facial
expression depicted is that some people might have their own perceptions in facial
expression. This seems to be convoluted because facial expression itself is just
a denition of a certain change in facial motions and it is possible to detect
deception without an analysis of inconsistent emotion. Due to that reasons, the
experiment only take account of the change of facial motion instead of having the
participants to dene this into specic expression.

In addition of the accuracy rates, the way Kulkarni, Reddy, and Hariharan (2009) calculate the parameters is possible to be adapted in a traditional
way of calculation without the need of a specic measurement application and
able to be translated back to the value that would suit the virtual avatars parameters. Due to these reasons, we achieved the conclusion that Kulkarni, Reddy,
and Hariharan (2009) parameters are the best way to translate the normal human facial gestures to the virtual avatars (See 3.2.2.2.2 for further discussion on
implementation).

2.4.4 Conclusion

From this section, we can conclude that for an avatar to be able to have a better
performance of their role being the representation in the virtual world, there's
a need to classify avatar which would be considered trustworthy.

To do this,

the research present a humanoid virtual avatar and model their facial motion
change based on Kulkarni, Reddy, and Hariharan (2009) parameters. To further
the research conducted by Rizzo et al. (2001), the ndings in the research is
compared with Rizzo et al. (2001) ndings in addition to seeing which facial
motion change is deemed as trustworthy.

2.5 Conclusions
Considering the rise of virtual reality application, there's a need to see the implication of communication in the environment especially in deception which is
crucial and often occurs in many scenarios.

The literature opens a way to see

if the way people perceives deception in virtual reality matches physical world
by creating a simulation experience in virtual reality with the nature of having

17

deception observers to determine the occurrence of a hidden role in virtual reality
avatars that resemble a real human.

The way the avatar is modelled has also been specied as humanoid 3D
avatars that compared with 2D footage of human.

The avatars communicates

verbally and non-verbally and the deception occurred is showcased by non-verbal
cues in the form of avatars facial motion based on Kulkarni, Reddy, and Hariharan
2009 parameters.

From the experiment, we can expect a comparison of the ndings to those
that have been done in the past (Rubin and Conroy, 2012; Bond and DePaulo,
2006; Porter and L. t. Brinke, 2008) in order to compare the eectivity of 3D
avatars, especially in the virtual reality environment.

Chapter 3:

Research Methodology

This chapter discusses the philosophical approach on the research and the application design. It also details the research methods, from design choices to more
thorough explanation of the data analysis method. At the end of the chapter, it
discusses the constraints that appears during the duration of the research.

3.1 Philosophical approach
3.1.1 General research approach

Dudovskiy (2011)argues that research philosophy should reect the author's assumptions which serve as the base of the research.

Based on the four main

research philosophies detailed, this research is taking the pragmatism philosophy
which uses the research question as the most important determinant.

A pragmatic approach is chosen because of the research relies on individual perceptions in honest and lie cues. This means expecting a typical result
is dicult to achieve.

This view is shared by Ormerod (2006)who argues that

pragmatism relates to the way people think and reach decisions.

In general, deductive and inductive approach in research to acquire the
result.Hyde (2000)dened inductive reasoning as theory building process that
starts from specic observation to seek generalisation of the focus of the research,
while deductive reasoning is a theory testing process that commences from formulated theory to see if this applies to specic instances.

Taking both two denitions into account, this research implements pragmatism philosophy with deductive reasoning approach.
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3.1.2 Experiment design approach

The philosophy of the design process adapted the creative design process structure
that Earle (2001) uses in their research. The structure is presented in the gure
3.1.1.

Figure 3.1.1: Simplied diagram of creative process representation

The analysis phase is where the research identies the background of a
problem and denes the questions and objective to be achieved. The theoretical
investigation is done with a literature review (Hertz, 1992) . From the literature,
an approach to nd the solution is formulated.

The next phase is synthesis, by using creative practice an approach to
answer the questions is developed as a virtual reality application. When this is
done, an evaluation would be done to see whether the application can answer
the question to produce the objective.

This evaluation includes processing the

data gained from the experiment that was conducted using the application(Earle,
2001).

The synthesis section can be further classied to showcase a more detailed
design of the application.

From the result of the literature review (see section

section 2.2.3), the application is in the form of a simulation.

To further the

specication, adapting from past researches (see section section 2.3.1) we designed
the nature of the narrative to be various scenarios that are related to the crime.
Poitras, Stimec, and Hill (2013) categorised this type of experience as a role play,
they also argued about the design model of this type of application by creating
a graph that explains the features of the design. Another reason why this design
is used as it's formulated to support the training aspects of the application.

The design that would be used for the application is an adapted model
of Poitras, Stimec, and Hill (2013) role-play design factors.

Some aspects of
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their original design model is not going to be implemented since it's unnecessary
for the purpose of the study. See gure 3.1.2 that depicts what is used for the
application.

Figure 3.1.2: Roleplay design factors

Poitras, Stimec, and Hill (2013) design factor model introduces two
frameworks.

This research implements ecological validity framework that de-

signs the roleplay experience to be more authentic to reect the reality. In this
case, the application put the users in the condition that is similar to the realworld interrogation situation. In this condition, participants is given the context
of the situation and what they need to do so they can engage with the task and
associated learning concepts (Blumenfeld, Kempler, and Krajcik, 2005).

In order to engage the users, the simulation role-play design implements
two strategies. The rst point is situational interest that relates to specic features of learning activities of the application. Schraw and Lehman (2001)argues
that this feature is needed to maintain and capture the participant's interest.
From ve strategies that Poitras, Stimec, and Hill (2013) addressed in their research, the application implements two of them.

The rst strategy is salience, which aims to increase the degree of participants to care about the issues concerned in the gameplay. In the application,
this is done by giving participants a brief explanation about each issue in hand.
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The other strategy is self-ecacy which is meant to be building the participants condence in performing the skill (Poitras, Stimec, and Hill, 2013). One
of the solutions that were proposed is by narrowing down a way to learn the specic skill. In this case, the application focuses on facial movements of the avatars
which means whenever the avatars are responding, the movement is a constraint
to facial only.

This is done to avoid the deception observer to lose their focus

because they're assessing too many dierent parts of the avatar.

Besides situational interest, the application also needs to provide an authentic experience which is divided further to address three points.

The rst

point is mundane realism which aims to mimic the role-play settings. For this,
the application embed details that resemble the real world in a form of note for
them to keep tracks of the progress, and the environment by having a pencil as
their pointer is also chosen in order to mimic real-life situation further.

Task-based realism is also another point that is implemented. For this
one, the experience is designed to have the same real-life goals and tasks.

In

this case, the users are given a task to decipher whether the avatars that they're
interacting with is being deceitful or not.

The narrative behind each avatar is

something that normally happens in real life situation (see 6.5) and the narrative
is told to the users so they understand the needs to complete their tasks.

For the point of psychological realism, the application implements role
casting in which the user take the role of the interrogator or the one trying to
nd out the truth while the avatars is the one being questioned.

3.2 Research Methods
This section details the information about the methods used for the research.

3.2.1 Method overview

The process of the research consists of several phases. First, for the application
design, we need to decide on the more detailed features of the application. This
includes the staging of the application, narrative, the environment, the features
of the virtual avatars, and the data that they could collect.
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The next step is to use real deception footage and measure this as the
base parameter of facial animations in the avatar. The study used selected footage
from t. Brinke, Stimson, and Carney (2013) and implement a calculation dened
by Kulkarni, Reddy, and Hariharan (2009). More explanation on this calculation
is explained in the section translating facial motion (see (3.3)). Once the footage
is measured, the avatars are animated according to these values (see 3.2.2.2.3).

Once the avatar is ready, the application can be developed. This phase
leads to some decision making, particularly in choice of software to use, the integration of the application with the virtual reality equipment, and programming
pattern choice (see section 3.2.2.3).

The recruitment process is started when the application is ready. The
recruitment process and the nature of the participants isdetailed in 3.2.3 section.
When applicants sign up to participate they would be allocated to a specic time
according to their availability. The process and more detail of the experiment are
discussed further in section section 3.2.4.

After the experiment, datas are collected and analysed in accordance to
what is needed to answer the questions. Further discussions of what is collected,
used to measure and analysed this data is explained in section 3.2.5.

3.2.2 Experiment design

This part discuss the features and reasoning behind implementation, the design
of virtual avatar, and the way the application was developed.

3.2.2.1 Application features

The design features of the application are classied into scenarios, stage, sound,
and environment.
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3.2.2.1.1 Scenarios
Adapting the simulation role-play design means that the application needs to
present a narrative that reects the reality (Poitras, Stimec, and Hill, 2013). Past
research in measuring deception detection skill often involve their participants in
a mock-crime scenario (Bond and DePaulo, 2006; Rubin and Conroy, 2012). In
addition to this, the footage obtained to measure the facial gestures presents a
questioning of people accused of theft crime-scenario (t. Brinke, Stimson, and
Carney, 2013).

With that in consideration, scenarios in misdemeanor crime are chosen
due to the same level of severity with the source of the footage scenario (Hall,
2012).

To provide more authenticity to the source of facial gesture data, the

questions answered by the virtual avatars are the same in nature with the questions in the t. Brinke, Stimson, and Carney (2013) videos. The application brief
users with detail of the case before the questioning starts. After all the questions
are given, the user decides whether the avatar is guilty or not guilty, with the
assumption that if the avatar is being deceptive it means that they are guilty.

Because the research heavily focuses on the avatar's facial gesture, a
limitation on the narrative is given to the user's focus is directed to the gestures.
Due to this, the answer given by the virtual avatar is dened to be Yes or
No.

In consequence, the answers adapted from the t. Brinke, Stimson, and

Carney (2013) data are also chosen accordingly. From this we decided to have 4
assessment of responses in each scenario and additional assessment to conclude
their judgement in the end. The 4 assessment of responses is done by user rating
of each response as a truth or lie. The nature of these questions reects their
counterpart in t. Brinke, Stimson, and Carney (2013) data, which means for every
scenario the nature of each question is the same.

Detail of the nature for each question is listed below:

1. Knows about the occurrence of the crime

2. Think about doing the crime

3. Do the crime
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4. Lying to the user

With the nature of the questions and the avatar, a non-deceptive avatar
always answers each of the questions truthfully.

The rst and second question could be a half-truth answer for the deceptive avatar. For the half-truth answer, avatar answers with yes. This answer is
truth but is given to trick the observer to think they might not be guilty because
of their truthful answer in these questions.

Both deceptive and non-deceptive avatars answer no for the question
3,4. However, on the contrary of honest avatars, the deceptive avatars answers
are a lie. (see appendix 6.5 for a complete script of scenarios).

To ensure the user does not exceed the time allocation when running the
application, countdown timer of 15 seconds is given to make their decision.

3.2.2.1.2 Stage
The application has three main stages with addition of the tutorial stage in the
beginning. Below is the specication for each stage:

Tutorial stage

purpose is to record the user identication number, introduce

the environment to the user, and to give a trial scenario.

In this stage user is

informed about the button that they need to press and when should they do that.
The stage give one mock scenario consists of 2 questions to rate as truth or lie
and a conclusion of the scenario. As this stage is meant to be introductory, user
assessment of deception is not recorded.

Pre-training stage

comes after the tutorial stage.

The stage consists of 10

scenarios given in a random order to avoid bias. With 4 questions given in each
scenario, in this stage there are 40 assessment of truth or lie response.

Training stage

happens after the pre-training stage is nished. In this stage,

user is given 4 scenarios with only the last 2 questions to be given to the virtual
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avatar before they have to conclude whether the avatar is guilty or not. After
they give their verdict, the application shown them the correct answer for each
assessment of the scenario.

After this, player, is given a chance to replay the

expression to match the facial gestures with the correct answer.

The training

stage have the same amount of scenario for male and female avatars (2 each).
For each of the avatar gender for this stage, the application provides one example
of a deception (guilty) scenario and one example of honest (not guilty).

Post-training stage

occurs after training stage. This stage presents two sce-

narios (one for each gender) with only the last 2 questions to be given to the
virtual avatar before the verdict (guilty or not guilty) is given. These scenarios
have been shown in the Pre-training stage and chosen to see whether the user have
made a progress on recognising the facial gestures of avatar when it's compared
to their performance for the same scenario in the pre-training stage.

3.2.2.1.3 Sound
The sound in this application is generated with a text to speech program (Rabinovici 2015) to limit deception cues detection to solely rely on the non-verbal
elements. This decision is made because their stable sound intonation and speed.
The voice used reects the gender of the avatar, with the narration voice using a
dierent male voice. The words are spoken in English with a British accent.

To limit the verbal communication cues, the response that avatar gave is
either a yes or a no. This answer reects the authenthic answer of the subject
where the answer is derived from.

3.2.2.1.4 Environment
The virtual reality experience presents a normal room setting.

The object in

the room is kept in a minimum quantity to keep the user focused on the virtual
avatar. To improve the realism of the world, the objects used to help the user in
the application reects what is usually used in the physical world. These objects
are:
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Calculator-style ID input

At the beginning of the experience, the user is asked to enter their user ID.
Calculator-style ID input used showcases a number (0-9) for each of the buttons
and have two additional buttons to conrm their ID or delete their input in case
there is a mistake.

Notebook

The notebook is present at the left side during the experience, it's located in a
strategic location where the user should be able to see while observing the virtual
avatar. This notebook serves as a guide to list the questions given, keep track
of which one has been answered by having a strike through for the question that
has been done and noting the active question by showing the text in blue colour
instead of black.

In addition to this, the notebook showed the assessment that the user has
given for the answer of a particular question so the user can refer to this answer
when making their nal guilty or not guilty decision. The notebook tracking of
question and answer are erased when the scenario has changed so the user can
focus on the current scenario.

Player decision

After avatar gave their response, the player is presented with a UI that would
inquire them to assess the avatar response, this would come in a question which
they would have to choose the answer whether it's truth or lie. Then the same UI
is used but with dierent wording when it comes to their nal decision. When the
pencil pointer is directed towards the answer, the answer changed colour to blue
to denote that it's currently being pointed at and when they're not the colour is
in black coloured text.

Pencil for pointer

A pointer in a form of pencil extends the virtual controller object when user is
required to make a decision (truth or lie and guilty or not guilty). This is done
to give the user a sign that they have to choose their answer and so it's easier for
the user to select the answer.
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3.2.2.1.5 Score system
The scoring system is shown in the notebook object in the environment after the
last post-training scenario is completed.

The score lets participants know how

much correct answer they got in every stage out of the quantity of the question
by dividing the truth or lie question with the guilty or not guilty question.

(a) User ID number input environment

(b) Scenario environment

Figure 3.2.1: Environment of virtual world

3.2.2.2 Virtual Avatars

3.2.2.2.1 Avatar design decision
2D footage as the second type of avatar is chosen as a more authentic human
representation to be compared with a 3D virtual avatar. The 2D footage chosen
physically resembles the 3D virtual avatar used. For each type, one male and one
female avatar are used. To neutralise deception detection from racial and other
physical based treatment, the avatars are Caucasian and the same in every scenario. The only unique identication of avatars occurs in their dierent clothing
colours for each scenario, this is used to give a sense to the player that the avatars
represent dierent people.

(a) Male

(b) Female
Figure 3.2.2: 3D virtual avatar
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(a) Male

(b) Female
Figure 3.2.3: 2D virtual avatar

3.2.2.2.2 Facial gestures measurement
Kulkarni, Reddy, and Hariharan (2009) 8 real valued parameters are used to
translate the parameter of the real human source footage (t. Brinke, Stimson,
and Carney 2013) to the virtual avatars.

(See 2.4.3 for reasoning).

This real

valued parameters are specied below:

1. Eyebrow raise distance (EBRD): Distance between the junction point of the
upper and the lower eyelid with the lower central tip of the eyebrow.

2. Upper eyelid to eyebrow distance (ELTEBD): Distance between the upper
eyelid and eyebrow surfaces

3. Inter eyebrow distance (EBD): Distance between the lower central tips of
both the eyebrows. In this experiment this parameter is referred as eyebrow
distance.

4. Upper eyelid to lower eyelid distance (ELD): Distance between the upper
and lower eyelid.

In this experiment this parameter is referred as eyelid

distance.

5. Top lip thickness (TLT): Measure of the thickness of the top lip.

6. Lower lip thickness (LLT): Measure of the lower lip thickness

7. Mouth width (MW): Distance between the tips of the lip corner

8. Mouth opening (MO): Distance between the lower surface of top lip and
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upper surface of lower lip

Figure 3.2.4: Kulkarni,Reddy, and Hariharan (2009) parameters measurement in facial gestures

To translate this parameter, the value of their normalised change from
neutral to the parameter in a specic timestamp is calculated with a formula
dened on 3.2.5.

N ormalised value =

(M easured V alue − N eutral V alue)
N eutral V alue

Figure 3.2.5: Normalised value formula

1. Neutral value:

the value when the subject expression are at (neutral)

without any prominent expression.

2. Measured value: the value when subject is responding at a particular time.

3. Normalised value: normalised value change from neutral value to measured
value

With the calculation above, mouth opening neutral value resulted in 0.

This

doesn't work well as a measurement of value change. Due to this, a redenition
of the MO value is done where it counts the distance between the lowest point of
the upper lip point to the lowest point of the jaw (see gure 3.2.6).
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Figure 3.2.6: Measurement of mouth opening value

To translate the value into the parameter within the avatar facial expression range, a linear equation is done with calculating the subject normalised
value with the measurement of avatar neutral value. The formula is dened as:

KeypointV alue = N eutral + (N eutral X Subject N ormalised V alue)
Figure 3.2.7: Avatar measurement value formula

The process to measure the value from the subject is done by recording
their response frame by frame into images. From this collection of images, 3 key
points in addition to their neutral expression are measured with a digital ruler
provided by Adobe Photoshop. These key points are dened below:

1. Neutral point: a point where the subject has not to hear any question.

2. Pre-response point: a point where the subject has heard the question and
their expression changed from neutral but not yet to respond.

3. At-response point: a point where the subject is responding to the question.

4. Post-response point: a point where the subject has to respond to the question but not yet to reach their neutral face.

Only one neutral point is measured for every subject to ensure that their movement change is based on the same point.

The pre-response point, at-response
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point, and the post-response point are measured from the yes or no answer of
the questions that are similar in nature with the one implemented in this study.
Each response point becomes the measurement value for the facial gestures. In
consequence, there are 3 measurement value for every subject response.

Figure 3.2.8: Subject measurement in Adobe Photoshop

3.2.2.2.3 Facial gestures animation
The animation is done by using the avatar measurement value counted from
the former discussion (see 3.2.2.2.2). Each of the measurement value represents
a keyframe in the animation timeline.

The animation of each scenario starts

with the neutral keyframe before going to the pre-response point, at-response
point, and post-response point. The scenario ends with a neutral keyframe. Each
keyframe has 3 frames distance from each other, which make a scenario consists
of 12 frames of animation.

The time setting of the animation is set to 24 frames per second, in
consequence, every response take half of a second to complete.

This is chosen

because the words yes or no in general take about half of a second to be
said.

The 3D virtual avatar animation is done with facial features movement
of a rigged model in Maya, the measurement is also done using the built-in ruler
of the application. Meanwhile, the 2D virtual avatar animation is done in adobe
after eects by animating puppet pins that are given in the footage face. The
nature of puppet pins are animating by stretching the image given, this is not
eective to measure mouth opening value of the avatar which go from closing to
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opening. Due to this 2 mouth frame are used for each of the avatar, one where
it's closed and one where the mouth is opened. An opacity animation is done to
iterate between the frame that is used.

(a) 2D avatar

(b) 3D avatar

Figure 3.2.9: Virtual avatar animation process

With the nature of the avatar objects, the result produced for 3D virtual
avatar is in form of the animated 3D virtual model while the result produced for
the 2D virtual avatar is in form of 2D video footage.

3.2.2.3 Application development

The application developed is done using Unity3D by dierentiating the project
into two separated type. One type is for 3D virtual avatar deception cues detection and another one for 2D video footage. The dimension form of the avatar is
the only dierence between the two types.

State machine programming pattern is used for the program to iterate
between the scenarios and questions. See gure 3.2.10 for an example of the state
machine that is used for one of the avatars.
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Figure 3.2.10: Animation state machine

The state denoted in the square box is activated according to which
scenario the program is in.

The animation is played on the activation of their

corresponding state. Once it reaches the end of the state, it moves back to the
neutral state which represents the neutral expression.

The application records several data and stores this in a text le which
is automatically named according to the ID number that the player entered.
The saved data are the performance of the player in detecting deception, their
movement, and the time they took to answer every question.

The player performance is measured according to the type of the question,
which is separated into the truth or lie question and guilty or not guilty
question.

Movement of player is needed to navigate themselves in virtual world.
The application is designed to accommodate participant to play in a sitting position, so they can limit their movement and focus on the task. To avoid confusion,
only the trigger button of the controller is used in the application and navigating
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which answer to chose is done by pointing at the answer with their controller.

Countdown timer is given to ensure player does not exceed their allocated
time in the virtual reality experience. Player is given 15 seconds to make each
of their decision. Application automatically exited 15 seconds after player reach
the end.

3.2.3 Recruitment

The student and sta population at Deakin University is deemed to be a suitable
sample of the experiment.

The recruitment was advertised via posts on the

Deakin School of IT. This is a general-purpose message boards for all current
Deakin students of related faculty and does not target any specic individuals.
People who is interested made the initial contact with the student investigator
by signing up with an online form.

Flyers are also posted around the campus to give chance for the people
outside School of IT to join. The yer provides necessary information to contact
the researcher, link to sign up on the online form, and brief information about
the experiment. (see appendix 6.5)

Anyone who has reached the age where they can consent their participation are eligible to participate. Narrowing it any further would limit the study
from reaching the target sample numbers.

To enable scheduling of participants time to suit their needs. 30-minute
blocks are allocated per participant on the date of the study.

Participants are

asked to select their availability when they signed up in the online form and the
student investigator allocates them accordingly. Participants are given a reminder
of their allocated time and location via email.

3.2.4 Experiment process

The main equipment for the experiment is HTC Vive virtual reality equipment
is and computers that are connected to the internet network with Steam VR
software. The steps and thorough explanation about the experiment process is
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written down in an experiment protocol document that serves as a guide for the
experimenter on each experiment (see appendix

?? for full document).

Below is

further explanation on the process separated into 4 group:

3.2.4.1 Preparation

On the day of the experiment, experimenter prepares two sets of computers. One
set is the designated computer for the experiments and another set for spare in
case of technical issue. Each computer is turned on with the application ready to
run and a browser is minimised on the questionnaire page. Before the participant
comes in the VR headsets should already be on and one fully charged controller is
ready to use. A chair should be positioned in front of the computer and another
chair should be positioned in the middle of the VR space of the lab.

Experimenter lets the participant comes in when they knock on the door
and guide them to sit on the chair in front of the computer.

Participants are

given time to read through the plain language statement and sign the consent
form when they are nished (see appendix 6.5. While waiting for the participants
the experimenter decides whether the participant belongs to the experiment group
or the control group.

The rst participant that came to the experiment is an experiment group
member and the participants that come after is in the group that is the opposite of
the group of the participant before them. This is done to ensure even distribution
between the control group and experiment group.

3.2.4.2 Introduction

After the participant signs the consent form, experimenter guides them to sit on
the chair in the middle of the virtual reality space.

The experimenter informs

the participant about using the head-mounted equipment and the controller, this
includes the movement of the controller to move the controller in virtual space
and the button to be pressed.

Experimenter let the participant put on their

head-mounted equipment. When the participant is ready experimenter start the
application from the computer.

The experiment group member plays the ap-

plication with the 3D virtual avatar and the control group member plays the
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application with the 2D virtual avatar.

3.2.4.3 Virtual reality experience

The participant starts with the tutorial phase that requires them to put their
participant ID, the experimenter reminds the participant of their ID number.
The experimenter asks the participant if the sounds from the speaker of their
head-mounted equipment is working or not when the participant has passed the
rst question of the tutorial phase. If there's any problem with the sound, experimenter checks the sounds settings in the computer to x the sound. Experiment
proceed when the sound is working. During the time participants spent in the
virtual reality experience, experimenter takes notes of any noticeable challenges
or problem the participant has. The virtual reality experience consists of three
stages: pre-training, training, and post-training.

The stage comes in order. A

score of the participant appears once virtual reality reaches the end of the posttraining stage. The application automatically exited 15 seconds after the score is
shown.

3.2.4.4 Conclusion

When the application is exited, the experimenter asked the participant to take
o their virtual reality equipment. Then, the participant is asked to sit back on
the computer desk, the experimenter maximises the browser in the computer and
the participant is asked to ll the questionnaire. After the participant nished
lling the questionnaire, experimenter tells them that the experiment is done and
thank them for their participation.

3.2.5 Data collection and analysis

This research is a mixed method study collecting qualitative and quantitative
data.

Various gameplay data are collected and stored automatically by their

respective applications for both control and experimental groups.

These data

are the performance of participant on answering each question which consists of
their chosen answer, accuracy of the answer, time taken to select the answer. In
addition to this, application stores the data of the movement of the head-mounted
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equipment and the controller during the experience.

To further the controller,

the application stored information for when the button is pressed.

The questionnaire at the end of the virtual reality experience stage of the
experiment inquire the participants for their demographic data; prior experience
with virtual reality, communication and interrogation training; and more details
from their experience in the experiment (see section 3.2.5.1).

Below, the data analysis in this experiment is detailed according to the
source of the data:

3.2.5.1 Questionnaire data

Demographic data and prior experience questions are given to the participant in
multiple-choice questions form. This is chosen to limit the number of alternative
answers so the result can be categorised into groups.

Likert scale (Likert 1932) is used to details participants feelings during
the experiment by presenting the participants with 20 statements that they have
to rate with either strongly agrees, agree, neutral, disagree, or strongly disagree.

In addition to this, there is a question that requires a short paragraph
answer. This kind of question is chosen to record their answer with less chance
of bias, so the real insight that they have can be discovered.

This is done for

questions regarding the areas of facial gestures that they observe, the avatar
gender they feel harder to decipher, and their comments for the application.

3.2.5.2 Application recorded data

The data from the application is compared with a T-test and ANOVA test to
see the signicant in their value. The minimum and the maximum value for each
group is also produced to be analysed further for the reasoning of ndings. In
addition to this, a binomial distribution is used to see the chance participant
answering the question with a random guess.
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3.2.5.3 Video source measurement data

Video source measurement data is analysed according to their parameters. Each
subject produced data for 4 response, for each response there are 8 parameters,
and for each of the parameters, there are 3 values in accordance with their animation keyframe usage. In addition to this, the verbal answer of the subject is
also recorded and matched with the avatar verbal answer when presenting the
response.

3.3 Limitation
3.3.1 Time allocation

A short period of honours study limits the time allocated into the research. This
aects the application development in perfecting the facial gestures of the avatars,
sample size because the limited time slot where experiment could be conducted,
and analysis of some of the data gained namely the tracked movement of users
and the usage of the controller.

3.3.2 Sample size

Furthering the discussion above, sample size gained is only 12 people which means
6 people for each experimental group.

The limited time slot makes the time

allocation less exible for participants to reschedule if they could not attend
their arranged session. Due to this reason, a number of people withdraw their
participation.

3.3.3 Virtual avatar expression development

Number of facial gestures looks less convincing to be real human expression.
This is caused because some subjects from the video source footage is not facing
straight to the camera which altered they measurement into a really big value.
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The facial gestures of 3D and 2D virtual avatar resulted into an exaggerated and
inhuman looking when these measurements are used to model it.

3.3.4 Questionnaire data

An error appears in collecting in questionnaire data resulting into one participants
questionnaire data to be lost. Attempt has been made to have the participant
rell the questionnaire but there was no response or conrmation. Due to this,
the data quantity analysed for the questionnaire is one less participant than the
application result.

Chapter 4:

Results

This section will present the ndings from the experiment by dividing them based
on participants demographics, their performance in virtual reality experience, and
details the result of calculation used to model the facial gestures.

4.1 Participant demographics
The demographics of the participants are collected from a survey, out of 12 participants only 11 are able to be assessed as there was a technical diculty in one
participant that resulted in the questionnaire answer not getting recorded.

4.1.1 Background information

The questionnaire obtains participants background information. This information
are their age, their gender, and whether they're a university students. The result
are presented below.

The data shown that all the participants are older than 18 years old
with more than half of them being in the range of 18-21 years old, 27.3% is
between 21-25 years old, and the 9% of them is more than 25 years old. This age
demographics is in line with the next results that shows the entire populations
are a university students. Most of the participants are also male with only 9%
being a female.
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Figure 4.1.1: Participants age

Figure 4.1.2: Tertiary student

4.1.2 Vision ability limitation

Considering the deception detection heavily relies on the visual ability of the
participants, the questionnaire gave them a question regarding vision ability limitation. The result is presented in the chart below.

Based on the result, we can see that 45.5% of participants does not have
limitation in their vision ability, while 36.4% have limitation but should not be a
concern considering they wear glasses in the experiment, 9% of the participants
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Figure 4.1.3: Participants gender

Figure 4.1.4: Participants visual limitation

is short-sighted but claim to that they can see just ne without the help of their
prescription glasses, and the last 9% have to wear their glasses but did not wear
it during the experiment.

4.1.3 Related past experiences

The questionnaire also provide a chance to see if there's any participants that
have undergone a specic communication or interrogation training before. This
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is done due to the chance that this training inuence their performance.

The

data obtained are shown below.

Figure 4.1.5: Communication training experience

Figure 4.1.6: Interrogation training experience

The result shows that there is no participants that has been in any training related to communication or interrogation. This means that we can consider
them as a normal deception observer.

Besides the formal communication cues and interrogation training, deception detection skill are sometimes utilised in games.

One question in the

questionnaire was aimed to nd out about this and the result is shown below.
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Figure 4.1.7: Deception game experience

Variable 1 in the graph above denotes strongly agree, 3 denotes neutral,
and 5 denotes strongly disagree. Based on the result there are at least 2 participants who are familiar with game that contain deception detecting task and there
are 3 participants who doesn't play a game with deception detection challenge.

In addition to that we also inquired their experience using virtual reality
head mounted equipment and the result is shown below.

Figure 4.1.8: Virtual reality experience
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Based on the data above, 72.7% of the participants have used Virtual
Reality headset before. From this, we can conclude that most of the participants
should be familiar enough with the basic of the virtual reality environment prior
to the experiment.

In addition, a participant has a problem in navigating the training stage
because of they moved too far away from the avatar, experimenter intervention
was done to help the participant to a proper position than the experiment proceeds smoothly.

Another participant has a problem with remembering which

button to click at the early stage of the game, however, they got better over time
and able to complete the experiment without no assessment left unanswered. It's
possible that these problems happened due to the lack of virtual reality experience
prior to the experiment.

4.2 Participant performance
From 11 participants we nd 81.9% agree that they put eort into playing well,
with 73.7% of the participants found the task to be hard.

18% of the partici-

pants often feel distracted when conducting the experiment.

It's possible that

the distraction occurs due to the nature of the lab used which had some noise
disturbance.

To further the explanation of participants performance, the section will
presents the data obtained according to their distribution, accuracy, and reasoning.

4.2.1 Answer distribution

By dierentiating lie detection and deception detection, we count how many
times participants chose a particular answer and use the average of the value as a
measurement of performance. The performance is compared between the group
and the correct answer. Participants assessed 40 avatars facial response for lie
perception. In addition to this, participants give a conclusion at the end of each
scenario as their assessment of deception occurrence. Considering there are 10
scenarios, in consequence there are10 deception assessment as well.

46

4.2.1.1 Distribution of answer in general

In general, the distribution of answer in both types of questions (truth or lie and
guilty or not guilty) varies. In most cases, the distribution shows better accuracy
in deception detection (i.e: scenario 4 question 1, and scenario 10) but there are
cases where it shows otherwise (scenario 5 question 3 and 4). See gure 6.5.1 and
gure 6.5.2 in the appendix for graphs that denotes the distribution of truth and
lie answer for each groups.

To compare the experiment and control group truth or lie answer, we
count the average of their answer and compare it with the addition of the percentage of the expected answer in the experiment.

This is noted by the chart

4.2.1.

Figure 4.2.1: Truth or lie average value comparison.

As we have discussed in section 3.2.2, for each scenario deception observers would have to conclude in the end whether the avatar being questioned is
guilty or not guilty with an assumption that the avatar is guilty when deception
occurs. The distribution of the answers for this case is presented in the graph
4.2.2 and 4.2.3.

Figure 4.2.2: Experiment group guilty or not guilty answer distribution. Variable format "S" + scenario number + "Q" + question number
+ correct answer

47

Figure 4.2.3: Control group guilty or not guilty answer distribution. Variable format "S" + scenario number + "Q" + question number
+ correct answer
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In addition to this, we count the average of the guilty or not guilty answer
selection to compare the general value with the expected correct answer and the
result is shown in chart below.

Figure 4.2.4: Guilty or not guilty average value comparison

For the experiment group the standard deviation of the answers resulted
in 23% for truth answer count, 22% for lie, 27% for guilty, and 16% for not
guilty. Meanwhile, the standard deviation result for control group are 28% for
both truth and lie answer count and 16% for both guilty and not guilty.

The Pearson correlation for the truth distribution is found to be 0.52,
while the t value is 1.72 with 1.68 for t critical, this denotes dierence is signicant
with a strong positive association between the two groups. Their association value
reects the answer distribution for the lie distribution as the distribution is evenly
distributed with 6 answer per questions.

For the guilty or not guilty distribution, the Pearson correlation is 0.02, with t value -0.18 and t-critical 1.85.

This means, that the dierence is

not signicant, and the correlation between the experiment and too small to be
signicant.

4.2.1.2 Distribution of answer based on avatar gender

In the experiment, the same amount of female and male avatar is shown for every
participant. From the result, we are able to see if participants treatment of avatar
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is dierent according to their gender. The ndings of questionnaire reported that
8 participants feels that male avatar facial gesture is harder to detect while 2
participants feels otherwise (see 6.5).

To see whether the ndings reects their actual performance, see gure
4.2.5 for the average of the sum of their truth and lie answer in each scenario
and gure 4.2.6 for the average of sum of their guilty or not guilty answer in each
scenario.

Figure 4.2.5: Truth or lie based on gender distribution

Figure 4.2.6: Guilty or not guilty based on gender distribution

We compare participants assessment based on the gender of the avatar
(even number of 5 virtual avatars per gender).

The ndings show that male
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virtual avatar truth and lie assessment is the only case where the experiment
group and control groupdoes not have a high dierence from each other (2% of
dierence). The female avatar truth and lie assessment dier by 14% of the 20
questions.

Control group female has 12% higher of truth rating rather than the
male avatar.

Meanwhile, the guilty and not guilty assessment diers by 10%

in the female avatar and 13% in male avatar.

We also nd that the female

avatar in experiment group gained 63% guilty judgement while the male avatar
of experiment group gained 16% less.

This is signicantly dierent from the

control group where the guilty or not guilty judgement only diers by 7% by
gender.

4.2.1.3 Reasoning behind answer

To see whether there are some reasoning behind participant's choice of answer, the
chance of each participants answers to occurs based on random choice is calculated
using binomial distribution. The result is presented in the graph below.

Figure 4.2.7: Binomial distribution of participants answer to be correct

From this, we can see that there might be some reasoning behind the
choice of answer of participants. To extend this, the likert scale question of the
questionnaire nds 81.8% of participants chooses their answer based on virtual
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agent expression, while 9% chooses to remain neutral, and the last 9% disagrees
with the statement. 63.7% of the participants chose their answer for the verdict
(guilty or not guilty) questions based on the pattern of the truth or lie questions, about 18% feels neutral about the statement and 18% disagrees with this
statement.

In addition to this, we also give the participants a few additional questions which they answers in a short sentence or paragraph. The rst question is if
there are any specic facial parts that they're looking to determine their answer.
We can classify their answer in the chart below.

Figure 4.2.8: Division of participants based on the facial area observed

4.2.2 Answer accuracy

The correct answer for each question is determined based on the real nature of the
subject measured to model a particular gestures. In the experiment, we measures
the accuracy of the participants that consists of 12 people that are divided into
two groups: experiment (observes the 3D humanoid model) and control group
(observes the 2D human footage).
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4.2.2.1 General average of accuracy

From the likert scale in the questionnaire which is done by 11 participants, 81.9%
agree that they put eort into playing well, with 73.7% of the participants found
the task to be hard. 18% of the participants often feel distracted when conducting
the experiment.

We also gave the participants a question regarding they what they think
about their performance and 7 out of 11 disagrees that they play the game better
at the beginning than at the end (3 from the experiment group and 4 from the
control group).

Looking at the method of their way to answer the questions, 45.5% participants agree that they are frequently in a position where they don't know what
to answer, however, 63.6% of the participants disagree that they chose their answer based on a wild guess. On the contrary, 72.8% of participants agree that
they sometimes chose their answer based on gut feelings.

General average of accuracy is measured by the average value of participants accuracy in the entire experiment. To compare this T-test is performed
and the result to compare the average value is shown in the table below.
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Figure 4.2.9: General average accuracy.

Truth or lie experiment group variance = 3%, control group variance =
5%; guilty or not guilty experiment group variance = 1%, control group variance=4%.

With null hypothesis the two tailed P-value is 69% for truth or lie questions and 73% for guilty or not guilty questions. This suggests a high chance of
same performance in both groups. In addition, the dierence between the two
set is signicant as the one tail P-value produced 0.35 and 0.36 value and the
critical t-value obtained is below zero (-0.4 for truth or lie and -0.36 for guilty or
not guilty) and the t-value obtained is 1.68 for the truth or lie and 1.85 for the
guilty or not guilty answers.

4.2.10for comparison of the average value.
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Figure 4.2.10: Accuracy according to the answer

In addition to this, we produced a result of accuracy based on Virtual
Reality background experience in participants. In this case, due to all the population in control group having past VR experience we are excluding them from this
observation.

From 5 person in experiment group only 2 has former experience

with Virtual Reality. See gure for the comparison of their accuracy.
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Figure 4.2.11: Accuracy according to VR experience

Both form of assessment produces small positive association of correlation
by 0.18 for guilty or not guilty and 0.28 for truth or lie. This denotes that when
value of the accuracy based on people with non VR experience increase, the
value for the people with VR experience also increase. The critical t value (1.8)
is greater than the t value (-0.3) in the guilty or not guilty answers and in the
truth or lie answer t value is (1.86) while t critical is (1.68), this suggests that
the guilty or not guilty accuracy comparison is not signicant while the truth or
lie accuracy comparison is signicant.

4.2.2.2 Accuracy based on the scenario

The discussion on the graph mentioned in this section is based on 12 participants
with a balanced number in control and experiment group (6 for each group). The
accuracy rate for all answers varies. In some scenarios the accuracy across their
questions does not have a signicant dierence (scenario 2 and scenario 4), but
there are others where the accuracy diers (scenario 3 and scenario 9) (see gure
6.5.3 in appendix 6.5).
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To see the result better, the graph can also be ltered according to the
type of the correct answer (27 questions for truth, 13 questions for lie, 5 questions
for guilty, and 5 questions for not guilty). See gures 4.2.12,4.2.13,4.2.14,4.2.15

Figure 4.2.12: Accuracy rate for "TRUTH" answer according to the scenario

The t-value of accuracy is 1.72 while the t-critical is 1.68, this shows that
the result is signicant.

Figure 4.2.13: Accuracy rate for "LIE" answer according to the scenario

The t-value is -1.75 while the t-critical is 1.68, this proves the signicant
of the result.
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Figure 4.2.14: Accuracy rate for "GUILTY" answer according to the scenario

The comparison of guilty answers between the two group is not signicant
because the t stat value is lower (0.18) than t-critical (1.85)

Figure 4.2.15: Accuracy rate for "NOT GUILTY" answer according to the scenario

The dierence of this result is not signicant because the low t-stat value
(0.35) when it's compared to the critical (1.85) value.

In addition, The Pearson correlation result shows a positive medium
relation in truth and lie accuracy (0.32 and 0.42), positive small relation for not
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guilty accuracy (0.26), and medium negative relation for guilty accuracy (-0.46).
This means that the truth and lie values of experiment group increases when
control group values increases, it also increases albeit in small number of case
for not guilty accuracy.

However, the medium negative relation means that in

guilty accuracy the accuracy decreases when the other group increases. The guilty
accuracy could mean that a good accuracy in one group does not mean a good
accuracy in the other group.

4.2.2.3 Accuracy based on the order of the scenario presented

The discussion on the graph mentioned in this section is based on 12 participants
with a balanced number in control and experiment group (6 for each group).
The pre-training phase in the application presents participants with 10 scenarios
that appears in random order. This creates a possibility to measure the result
according to order of the scenario. For each of this scenario there are 4 truth/lie
questions and 1 guilty or not guilty questions at the end as a deception occurrence
conclusion. Below is a graph that denotes the accuracy of the correct answer by
dividing the deception observers into the experiment and control group.

Figure 4.2.16: Accuracy rate based on question order

In addition to that, we can see the accuracy of the deception occurrence
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conclusion by taking the values of the guilty or not guilty questions.

This is

depicted in the graph below.

Figure 4.2.17: Accuracy rate for guilty / not guilty based on question order

Considering that the 4 truth or lie questions in each scenario is related
to the same narrative and modeled from the same subject, this questions should
be the pointer for deception observer to conclude their answer in the guilty/not
guilty questions. The performance of the deception observer in getting the correct
answers for this questions according to their scenario order is presented in the
graph below.
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Figure 4.2.18: Accuracy of sum for 4 truth or lie questions in each turn

The correlation between the guilty or not guilty answer is -0.84 and for
the 0.11 for the truth or lie answers, this shows a small positive association in the
groups when answering a truth or lie questions and large negative association for
guilty or not guilty questions. However, the t value obtained is lower than the t
critical value (-0.39 and 1.68 for truth or lie and -0.36 and 1.86 for guilty or not
guilty). This means the dierence is not signicant.

4.2.2.4 Accuracy based on the area of facial expression observed

Based on participants assessment shown in gure 4.2.8 we see that most participants observed both lower and upper facial gestures of virtual avatars. To see
whether there's a signicant dierence of performance between them we lter the
population to only experiment group and did an ANOVA test into the accuracy.
By dividing the answers based on the nature of the questions our ndings is shown
in gure
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Figure 4.2.19: Accuracy of experiment group divided based on the facial area observed (upper
facial n=1, lower facial n=2, both n=2)

P-value produced for the truth and lie answer is 0.016 (<0.05) this suggests a statistically signicant dierence between the three factors.

However,

there is no signicant dierent in guilty or not guilty accuracy as P-value is 0.43
(>0.05).

Considering that the experiment group does not contain an ambiguous
answer and the guilty or not guilty accuracy value is considered insignicant. We
compare the average of the accuracy of participants who observe upper and lower
facial gestures in control group truth or lie questions. We found that the average
for the upper facial gestures is 62% and 30% for lower upper facial gestures. Their
t value (4.27) is also higher than their t critical (1.68) which denotes the significance of the factors. However, the result of the comparison of the experiment
group and control group in T-test denotes that they don't have any signicance
for one another (t stat <0).
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4.2.3 Comparison of the accuracy in the pre-training and post-training
scenario

When asked in the questionnaire regarding they what they think about their
performance and 7 out of 11 disagrees that they play the game better at the
beginning than at the end (3 from the experiment group and 4 from the control
group, see 6.5).

With the availability of the training phase in the application, we can
compare the accuracy of the questions that occurs in both pre-training and posttraining scenario. There are two scenarios where this occurs and from each of the
scenario only two truth or lie questions with an addition to the nal guilty or not
guilty question is presented to the deception observers. The result that compare
this is shown in gure 4.2.20.

Figure 4.2.20: Comparison of accuracy for pre-training and post-training

The correlation between the pre-training and post-training truth and lie
accuracy value in experiment group is signicantly high at positive 1.0 while the
correlation between the control group value is positive 0.5. This means that in
each of the group the accuracy value should increase from pre-training and posttraining. However the t-statistic value turns out to be signicantly lower than
the t-critical, meaning that this hypothesis is rejected.
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To see participants performance further we measure their accuracy for
each question. The result is shown in gure 4.2.21

Figure 4.2.21: Comparison of accuracy for pre-training and post-training

The variable in the graph above is formatted as dened below:

•

The rst letter (F or M) denotes the avatar gender

•

The pre or pos that comes after denotes in which phase the data is taken
(pre for pre-training and pos for post-training)

•

The number or the character v denotes the type of question, the number
being the order number of the question given (truth or lie) and the v for
a verdict (guilty / not guilty) question

•

The character that comes after the underscore denotes the correct answer
of the question: T for truth, L for lie, G for Guilty, and NG for not guilty.

In addition to this, the line in the graph denotes the relation between the pretraining and the post-training of that question this is done to better show the
change in performance. From this we can see that in most in most questions at
least there is one participant in the control group tha thave some improvement

65

after the training. However, the result in the experiment group are mostly decreasing after the training, with only one exception of two more people getting a
correct answer for the truth and lie question of the male avatar.

4.3 Facial gestures measurement
By using Kulkarni, Reddy, and Hariharan (2009) method (see section 3.2.2.2.2),
a value for the parameters in virtual avatars are obtained.

In this section the

parameter is labelled according to their abbreviation and the keyframe position,
this is due to in one response a parameter is animated three times according to
their keyframe position.

Take account of the format below for gure 4.3.1 and 4.3.2.

1. Facial parameter format: Parameter Abbreviation & _ & KeyframePosition
(Preresponse, at response, or pos response).

2. Variable format: S & Scenario Number & Q & Question number & Avatar
nature deceptive (D) honest (H) & Answer nature truth (T) lie (L) & Response yes (Y) no (N)

Figure 4.3.1: All measurement result of avatar facial parameters.
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Figure 4.3.2: Minimum, Maximum, Average, and Standard Deviation of Parameters.

In addition to the gure above, a participant also noted that some animation is too overexaggerated to the point that it looks in human. This overexaggerated animation has higher chance to lands on minimum or maximum parameter.
(see 6.5 for full questionnaire and see 6.5 for the comparison of the parameters).

A correlation calculation between the parameters value and the accuracy
and the distribution of participants answer does not produce a meaningful pattern.

However, If we look at scenario 3 which have low accuracy in deception

detection (see gure 4.2.9), we can see that this scenario also appears in the maximum value of the distance between eyebrows, eyelid distance, and thickness of
lips, with an additional of minimum value -100% in eyelid distance. This means
that there is a chance that these variables can inuence deception detection accuracy.

Chapter 5:

Discussions

This chapter discusses the ndings from chapter 4 in accordance to the research
questions.

5.1 Introduction
In the introduction chapter (see chapter 1) we have established four questions for
this research.

The rst question is about the way people perceives the virtual

avatar and video footage the same way.

The answer of this questions is taken

from the analysis of the virtual reality application by assessing the distribution
of the answers based on the virtual avatar gender, the type of virtual avatar, and
looking further to the relation of the distribution to the facial avatar parameters.
The discussion compares the ndings with Rizzo et al. (2001) result.

The second question is about the ability of people to detect deception,
the answer to this question is concluded from participants accuracy of deception
detection in 10 randomised scenarios.

The compare their performance based

on virtual avatar type and type of answer, then the correlation between these
types is discussed. In addition, Bond and DePaulo (2006) and Rubin and Conroy
(2012) study are compared to the result to see if the answer could further their
ndings.

The third question is about training to recognise deception cues in VR.
To answer this question comparison of two sets of scenarios from before and after
the training stage is analysed and compared.

The discussion argues about the

reason for the ndings that supports the arguments of Zhou, Sung, and Zhang
(2013) and Vrij (2019).
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The last question is about a specic facial area that people observes for
deception cues.

A look into the nding of the questionnaire and their relation

to deception observer accuracy are discussed to answer this question.

In addi-

tion, the ndings are compared to the argument of Hess and Kleck (1994) and
Porter and L. t. Brinke (2008). After all the questions are answered, the chapter
concludes the discussions of all the questions.

5.2 Do people perceives 3D virtual avatar and 2D video
footage the same way?
Our study nds that there is 6% dierence in how the participants perceive 40
facial gestures as either truth or lie with 3D virtual avatar gaining a higher truth
rating rather than the 2D virtual avatar (see section 2.4 see gure 4.2.1).

In

addition to this, in the guilty or not guilty rating, which is done at the conclusion
of each of 10 scenarios, we found only a 2% dierence in value . In the guilty or
not guilty rating (see gure 4.2.4). However, from the t-test result, we nds that
the dierence is too small to be signicant.

The numbers shows the low dierence between the 3D virtual avatar and
2D virtual avatar average answer. As we are using the guilty or not guilty rating
as a judgement of whether a deception occurs in the scenario, it can be said from
the ndings that we have gained further evidence to support Rizzo et al. (2001)
theory that human perceives 3D virtual avatar and 2D video footage the same
way.

However, when we compare participants assessment based on the gender
of the avatar (even number of 5 virtual avatars per gender) we see a possibility of
gender bias towards female 3D virtual avatar being guilty. This is shown from a
16% dierence with the male counterpart, while in 2D virtual avatar the dierence
is only 6% (see gure 4.2.5 and 4.2.6).

One possible explanation for this concerns the parameters used to animate the female facial expression. The parameters of female avatars appear most
often to be in maximum or minimum value when compares to the male avatar
(see gure 4.3.2). Scenario 3 and 5 are the honest female avatars scenarios that
gained a high count of guilty answer for the observer of 3D virtual avatar but
this doesn't applies in 2D virtual avatars.
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Looking further into this, Scenario 3 parameters are found quite often in
maximum and minimum value. In the 4th question of this scenario, the virtual
avatar blinks at pre-response keyframe (shown by eyelids distance value (ELD),
see gure 4.3.1).

The 4th question is are you lying to me? which might be

crucial in nature considering there's no possibility of half-truth in the answer (see
appendix 6.5). In addition, this question is given just before the nal decision
making. Due to this, it is possible that blink in virtual avatar would convince the
deception observers that deception occurs.

For scenario 5 two of the parameters can be found having a minimum
value. These parameters are shown in the same question (question 2) and both are
also in the pre-response keyframe which makes these two parameters occurs at the
same time. The parameters are top lip thickness value and mouth opening value
(shown by TLT and MO of question 2 of scenario 5. See S5Q2HTY variable in
4.3.1). A small top lip thickness value rolls the avatar lips inward and the addition
of small mouth opening value would make it looks like the avatar is biting their
upper lip. This means another possible explanation of the deception bias could
come from lip biting gestures.

As lip biting and blinking have been associated with deception, error
in judgement when this is being showcased is possible.

An overly exaggerated

movement could look inhuman and the eect could be higher in fully 3D computer
generated virtual avatar, this is noticeable by participants who mentioned it in
their questionnaire (see appendix 6.5). However, the extent of their signicance
in this experiment is still hard to prove because of the limitation in participants
number.

Albeit there are factors that would give a deception observer a deception
bias towards the virtual avatar, the signicance is still hard to prove because of
the limitation in participants number. However, in general, the 3D virtual avatar
is perceived the same way with a 2D virtual avatar of a real human.

5.3 How well can people detect deception in VR?
From the answer distribution (see gure 4.2.9), we expect that the accuracy of 3D
virtual avatar deception observer is higher than the 2D virtual avatar. However,
the ndings in 4.2.2.1 shows that the 2D virtual avatar deception observer has
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slightly better accuracy in both truth or lie question and guilty or not guilty
question 4.2.9.

Based on the slight dierence of accuracy in 4.2.9 gure we can conclude
that the deception observers used their truth or lie assessment as a factor to draw
a conclusion for their answer for guilty or not guilty.

There is a slightly lower accuracy in deciding whether deception has
occurred (from guilty or not guilty question) when it's compared to truth or lie
assessment. Deception guilty or not guilty assessment is done by taking the
matter of 4 response of virtual avatar. Due to that nature, it's possible for the
slightly lower accuracy of the deception occurrence happens because of a confusion
when taking a conclusion based on the four answer. This could result in error
judgement of deception.

This explanation supports Rubin and Conroy (2012)

theory that the mix of lie and truth add complexity and leads to confusion in
deception detection.

Because of the similar nature of the question we can compare the truth
and lie result with Bond and DePaulo (2006) ndings, it shows that the 3D virtual
avatar reects each other with dierence of accuracy less than 10%. However, in
2D virtual avatar the accuracy is lie detection is 15% higher from the 3D virtual
avatar or Bond and DePaulo (2006) result.

Meanwhile when the accuracy of guilty or not guilty answer compared
with Rubin and Conroy (2012), the accuracy for non-deceptive (determined by
the accuracy of not guilty answer) is found to be lesser than Rubin ndings (20%
lower for 3D virtual avatar and 11% lower for 2D virtual human). However for
both 3D and 2D virtual avatar, the accuracy for deceptive detection is about 30%
higher than Rubin ndings.

Considering that Rubin and Conroy (2012) and Bond and DePaulo (2006)
research is done with a text-based deception, we can conclude that the way deception observers observes virtual avatar reects text-based deception detection
performance when it comes to a simple statement of deception.

The negative correlation of the deception judgement accuracy in virtual
avatar means that higher accuracy of a scenario in one type of virtual avatar
has a medium impact on the other type to have lower accuracy.

In addition,

in the questionnaire result 72.8% participants agree that they sometimes chose
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their answer based on their gut feelings. Looking at the accuracy of deception
judgement per scenario, we can see that scenario 3 is an example where there's
a high dierence in the accuracy value and the second question in the scenario
have a half-truth deceptive nature.

Drawing conclusion, it's possible that this

half-truth is the cause of the negative correlation of virtual avatars. In that case,
there's a possibility that 3D virtual avatar observer is better than 2D virtual
avatar observers at drawing a deceptive conclusion when half-truth occurs.

In addition to that, we can relate the accuracy of deception observer
past VR experience with the result. Considering that all the 2D virtual avatar
observer had VR experience before we are excluding the population from this
analysis. We also exclude the guilty or not guilty accuracy as the T-test found
the result to be insignicant.

From the accuracy of truth or lie questions we

found people with VR experience has a better accuracy in determining deception
in truth or lie questions (see gure 4.2.11). This suggests that a background VR
experience could inuence their deception detection accuracy positively.

In conclusion, in most cases, people are still better at detecting deception
in a 2D virtual avatar based on real human rather than a 3D virtual avatar. When
it comes to a simple statement containing either truth or a lie without a half-truth,
deception detection in normal VR environment with 3D virtual avatar reects
deception detection in text-based only computer-mediated communication. This
means that 3D virtual avatar of virtual reality environment is not enough to
represent simple truth or lie deception detection.

In addition to this, the accuracy of deception detection in complex situation diers when the situation is more complex.

The accuracy is lower for

detecting honest avatars but higher in deceptive avatars. The possible reason for
this dierence is the presence of half-truth statement which is perceived better by
3D virtual avatar observers rather than the 2D virtual avatar observers. Another
reason comes from background experience in VR which can increase the accuracy
of complex deception detection of the 3D virtual avatar in VR.
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5.4 Can people be trained to recognise deception cues in
VR?
As mentioned in section 3.2.2.1, to see whether there's an improvement in deception detection accuracy the application repeats two scenarios with two truth and
lie assessment and a guilty and not guilty conclusion at the end of each scenario.
The nding shows no signicant dierence between the two stages when the average accuracy value of pre-training and post-training is compared with a T-test
(see gure 4.2.20).

It's possible that this happens due to the small number of

question samples.

By breaking down the scenarios based on the questions (see gure 4.2.21)
we can see that in most cases 3D virtual avatar accuracy decreases after the training scenario and even for the 2D virtual avatar deception observer the increase
is still not signicant. There are several possible answers to this result. Zhou,
Sung, and Zhang (2013) suggest that it's possible that a deception observer becomes over-condent which leads to an error in their judgement, this is possible
considering 7 out of 12 deception observers disagrees that they play the game
better at the beginning than the end.

Another possible reasoning relates to the possibility of deception observer
chose the exact opposite answer from what they chose before instead of reassessing
the facial gestures.

In addition to that, the decrease in average accuracy occurs in the guilty
or not guilty assessment of 3D virtual avatar and in 2D virtual avatar this type of
assessment has slightly less improvement. It is also possible that two statements
are not enough for the participants to detect deception occurrence. This would
support Vrij (2019) arguments that having more information from the deceptive
agent can increase the accuracy of the observer.

Another way to assess improvement in performance is by seeing the accuracy of deception detection in each turn. However, our ndings nd that the
accuracy based on an order is uctuating with the 2D virtual avatar having a
more signicant uctuation in from question 1 to 2 than experiment group (see
section 4.2.2.3).

To conclude, the virtual reality experience developed does not accommo-
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date deception training whether it's in a 3D virtual avatar or 2D virtual avatar
due to the small number of question samples.

However, it does not close the

chance of deception detection training to be performed in virtual reality in the
future by comparing a larger question samples.

5.5 Is there any specic facial area that people observes for
deception cues?
Based on the 4.2.8 we can see a higher portion of participants observes both of the
upper and lower facial areas in deception detection. However, as we are focusing
on the 3D virtual avatar, we can lter this and see that there are the same amount
of people who observe both upper and lower facial area and only lower facial area
and one fewer people observing only upper face. From our ndings 4.2.19 we can
see that only truth and lie questions where these three groups of facial area are
signicant. In these ndings, we discover that the accuracy of answers when the
facial area observed is limited to either upper or lower area is higher than when
a person observed both.

A possible reason for the low accuracy in observation in both upper or
lower facial area is that the deception observer has to account too many things all
at once which could cause them to rely on invalid cues instead (Hess and Kleck
1994). Considering that the average value of truth and lie distribution from the
3D virtual avatar population who relies on both area of the face is 69% for truth
and 31% for a lie, there is a possibility that relying on invalid cues of deception
can cause a truth bias. However, a further justication for this still could not be
done because of the limited number of population.

Even with just 3% of the dierence, our nding also reects Porter and
L. t. Brinke (2008) ndings that deception detection is more accurate in the upper
face rather than in the lower face, this suggests that the performance of deception
detection in 3D virtual avatar resembles a real human. In addition to this, the
result for the average in the 2D virtual avatar also shown a greater accuracy in
upper facial gestures (32% dierence). This suggests that just like in the physical
world, deception observer perform better in a virtual reality environment if they
are using the same method.

To conclude this, untrained deception observers have a high chance to
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observes both upper and lower facial area and this could be a factor of their error
in assessment. In addition, a deception detection in upper face area can increase
the accuracy in deception detection in a virtual reality environment.

5.6 Conclusion
From the ndings, we learn that in general, the way people perceives fully computer generated 3D virtual avatar and 2D virtual avatar of synthesised real
footage is the same. This extends the ndings of Rizzo et al. (2001) study which
uses a 3D avatar textured from real human footage.

When dierentiated based on gender, we nd a gender bias towards 3D
female avatar to be guilty. This could happen because female avatar often lands
in minimum or maximum value, which at one point showcase the avatar to be
blinking and biting their lips.

Detecting deception in 2D virtual avatar results in slightly higher accuracy than a 3D virtual avatar.

However, based on a lower rate of deception

detection accuracy in value guilty in the 3D virtual avatar, we conclude that
the presence of half-truth in a scenario could cause confusion which resulted in a
false rating.

In addition, we nd that the way deception observers observe virtual
avatar reects text-based deception detection performance when it comes to a
simple statement of deception.

Our virtual avatar experience still does not accommodate deception training due to the small number of question samples which resulted in the insignicant
result. However, it does not close the chance of virtual reality application to train
deception observers. A way to do this is by guiding deception observers to focus
on upper areas of the face instead of the whole face.

From this, we conclude that 3D virtual avatar of virtual reality environment can showcase deception which is perceived the same way with a real human.
The deception observer also performs better when the situation is more complex
and consists of more than 2 questions.

Chapter 6:

Conclusions

6.1 Outcomes
The research utilises virtual reality experience as a way observes the performance
of a 12 naïve (untrained) deception observers evenly separated into two groups
that observe either 3D virtual avatar or 2D virtual avatar. To provides an authentic experience the virtual avatar is modelled based on a real human facial
parameter in a real deceptive or honest scenario.

Deception observers perfor-

mance is analysed by the overall value of their answer, the accuracy in determining deception occurrence, and some additional data that is obtained from a
questionnaire.

In general, fully synthetic 3D virtual avatar and 2D virtual avatars of a
synthesised real human footage are perceived the same way. Our ndings shows
that naïve deception observer tends to observe the entire facial area, which results
in poorer deception detection accuracy.

In both simple and complex scenario,

deception detection accuracy in the 3D virtual avatar is less than a 2D virtual
avatar. However, the deception detection accuracy of a virtual avatar in a virtual
reality environment utilising complex scenario can be improved.

Improvement

occurs with a background experience in virtual reality and a focus in the upper
facial area.

Our virtual reality experience does not support deception detection training due to the small number of scenarios and small number of statements in each
scenario. However, this does not close the chance of virtual reality environment
being utilised as a deception detection training.
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6.2 Innovations
Our discovery that fully computer-generated 3D virtual avatars are perceived the
same way with 2D virtual avatars of synthesised real human footage further Rizzo
et al. (2001) ndings which still uses a wrapped real human footage around 3D
virtual avatar head to showcase an authentic deception.

This means that our

method of translating Kulkarni, Reddy, and Hariharan (2009) facial parameters
measurement into the virtual avatar has a signicant contribution towards the
way virtual avatar can be produced, especially for the 3D virtual avatar.

The ndings in deception observer accuracy result also progress Rubin
and Conroy (2012) and Bond and DePaulo (2006) studies which only account
the accuracy of deception in a text-based environment of computer-mediated
communication, it shows that virtual reality can provide an environment that
showcases deception in facial gestures.

At last, our nding also proves Porter and L. t. Brinke (2008) theory that
deception detection is more accurate in upper face areas, this means that the areas
that deception observers focused on in 3D virtual avatars aect the result in the
same way with a real human environment. In addition to that, we also nd the
tendency of naïve deception observer to observes the whole area of the face to
decrease their deception detection accuracy.

This opens an opportunity to see

whether it's possible to train a person to focus in upper facial areas instead of
the whole.

We can conclude that this research is able to give a contribution to the
development of virtual reality, virtual avatar, and computer mediated communication by increasing the knowledge and further justify the eect of virtual avatar
facial gestures for a human observer and a way to incorporate authentic facial
gestures data into virtual avatars.

6.3 Future Research
Considering that the study is done in a complete virtual reality environment, there
is no chance to genuinely compares the result with a normal computer-mediated
environment using the same nature of the experiment. This comparison can be
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useful to answer the question of to what extent virtual reality environment diers
with normal computer-mediated environment.

From the ndings, we can see the need to further the study to be able
to use virtual reality experience as a deception training platform.

There are a

couple of things that could play an important role in deception training platform
to be eective.

1. Increase the number of questions samples to be compared

2. Usage of complex scenario with more than two statements is made for each.

3. Directing the user to observe only upper facial gestures instead of the entire
facial gestures.

In addition to this, we suggest incorporating more act of lip biting and eyes
blinking into the deception detection and see if this gives a deception observer a
deception bias. Taking a look at the limitation of our research we also see the
need for limiting overly exaggerated movements in facial gestures and increasing
the test subjects population size.

6.4 Conclusion
Do people perceive 3D virtual avatar and 2D video footage of real
human the same way?
People with no training of deception detection perceives the human footage the
same way.

How well can people detect deception in VR?
Accuracy of deception detection varies for the 3D virtual avatar observer and 2D
virtual avatar observer. However, in simple and complex scenario, the accuracy
of 3D virtual avatar is lower than the 2D virtual avatars. So we can conclude in
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a normal virtual reality environment, deception observer accuracy is slightly less
than when they observes a real human.

Can people be trained to recognise deception cues in VR?
A further research is needed to answer this question as our application was not
able to accommodate training in VR properly to produce a signicant answer.

What are the specic facial area that people observes for deception
cues?
5 out of 11 people observes the whole facial areas instead of particular areas, 2
people observes lower facial areas, and 2 observes upper facial areas. The facial
areas that they observed reects their accuracy in deception detection.

6.5 Summary
The chapter shows that the study described in the thesis contributes to the development of virtual reality application showcasing computer-mediated communication of virtual avatar by increasing the knowledge and understanding the
eect of facial gestures, designing a way to produce an authentic virtual avatar
facial gestures, classifying a distribution of facial areas observed when trying to
decipher deception.

There are a number of future explorations that can be done in the future,
i.e: using the same application in normal computer-mediated environment to see
the extent of dierence of virtual reality and normal computer-mediated environment, a further development to support training platform in virtual reality, and
incorporating more samples of certain virtual avatar expression to nd out about
the bias.
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A Script
APPLICATION SCRIPT
Real scenario:
1.
2.
3.
4.

Did you know that there’s money in the envelope?
Did you think about stealing money?
Did you steal the money?
Are you lying to me now?

Question format: Y = “yes” answer N = “no” answer. T = truth nature, L = lie nature.
Scenario 1. Subject 03 - Honest
Narration: Missing money case. The person in front of you is suspected to be the thief who stole
some money in their office.
1.
2.
3.
4.

Do you know that the money has gone? Y - T
Did you think of stealing the money? N - T
Did you steal the money? N - T
Are you lying to me? N - T

Scenario 2. Subject 02 – Deceptive
Narration: Hacking case. The person in front of you is suspected to be a member of the hacker
group.
1.
2.
3.
4.

Do you know that the government website was hacked – Y - T
Did you think about hacking into government website? – Y - T
Are you the one behind the hacking? – N - L
Are you lying to me now? – N - L

Scenario 3. Subject 12 – Deceptive
Narration: Blackmail case. The person in front of you is suspected to blackmail people
1. Did you know about the blackmail that was sent to email addresses of people in your office?
Y-T
2. Did you think about blackmailing someone for money? Y - T
3. Did you send the mail? N - L
4. Are you lying to me? N – L

Question format: Y = “yes” answer N = “no” answer. T = truth nature, L = lie nature.
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Scenario 4. Subject 06 – Deceptive
Narration: Trespassing case. The person in front of you is suspected to trespass a restricted level in
their office.
1.
2.
3.
4.

Do you know that a room in level 5 is a restricted area? N - L
Did you think about entering the room? N - L
Did you break into the room? N - L
Are you lying to me? N - L

Scenario 05. Subject 07 – Honest
Narration: Forgery case. The person in front of you is accused of forging a false signature.
1.
2.
3.
4.

Do you know about the document? – Y - T
Did you think about forging Oliver signature? – Y - T
Did you forge Oliver's signature? -N - T
Are you lying to me? – N - T

Scenario 06. Subject08 – Deceptive
Narration: Fraud case. The person in front of you is accused of making fake "Puma" shoes.
1.
2.
3.
4.

Do you know that there are fake "Puma" shoes sold in the market? Y - T
Did you think about producing fake shoes? Y - T
Did you produce fake shoes? N - L
Are you lying to me? N - L

Scenario 07. Subject11 – Honest
Narration: Scam case. The person in front of you is accused to be the owner of a scam online shop.
1.
2.
3.
4.

Do you know about the online shop? N - T
Did you think about scamming someone with an online shop? N - T
Are you the owner of the online shop? N - T
Are you lying to me now? N -T

Question format: Y = “yes” answer N = “no” answer. T = truth nature, L = lie nature.
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Scenario 08. Subject 10 - Deception
Narration: Missing necklace. The person in front of you is accused of stealing a necklace from a
jeweller.
1.
2.
3.
4.

Do you know about the necklace in the Jewelry store? Y - T
Did you think about stealing the necklace? N - L
Did you steal the necklace? N - L
Are you lying to me now? N - L

Scenario 09. Subject 11 - Honest
Narration: Vandalism case. The person in front of you is accused of vandalising property.
1.
2.
3.
4.

Do you know about the property on main street number one? N- T
Did you think about vandalising the property? N - T
Did you vandalise the property? N - T
Are you lying to me now? N - T

Scenario 10. Subject05 – Honest
Narration: Defamation case. The person in front of you is accused of doing defamation towards
Charlotte.
1.
2.
3.
4.

Do you know Charlotte well? Y - T
Did you think about defaming Charlotte? Y - T
Did you defame Charlotte? N - T
Are you lying to me now? N - T

Question format: Y = “yes” answer N = “no” answer. T = truth nature, L = lie nature.

B Experiment protocol
EXPERIMENT PROTOCOL DOCUMENT

Instruction:
1. On the day of the experiment, experimenter prepares two sets of computers. One set is the
designated computer for the experiments and another set for spare in case of technical issue.
Each computer is turned on with the application ready to run and a browser is minimised on
the questionnaire page. Before the participant comes in the VR headsets should already be
on and one fully charged controller is ready to use. A chair should be positioned in front of the
computer and another chair should be positioned in the middle of the VR space of the lab.
2. Experimenter lets the participant comes in when they knock on the door and guide them to
sit on the chair in front of the computer. Participants are given time to read through the plain
language statement and sign the consent form when they are finished. While waiting for the
participants the experimenter decides whether the participant belongs to the experiment
group or the control group.
3. Participant signs the consent form after they finished reading the plain language statement.
4. Experimenter guides participants to sit on the chair in the middle of the virtual reality space.
5. Experimenter informs the participant about using the head-mounted equipment and the
controller, this includes the movement of the controller to move the controller in virtual space
and the button to be pressed.
6. Experimenter let the participant put on their head-mounted equipment.
7. When the participant is ready experimenter start the application from the computer. The
experiment group member plays the application with the 3D virtual avatar and the control
group member plays the application with the 2D virtual avatar.

8. The application consists of 4 stages. Below is the description of each stage:
1) Tutorial phase: participant is informed about the button that they need to press and
when should they do that. The stage give one mock scenario consists of 2 questions
to rate as truth or lie and a conclusion of the scenario. As this stage is meant to be
introductory, user assessment of deception is not recorded.
2) Pre-training phase: The stage consists of 10 scenarios given in a random order to avoid
bias. With 4 questions given in each scenario, in this stage there are 40 assessment of
truth or lie response.
3) Training phase: Participants is given 4 scenarios with only the last 2 questions to be
given to the virtual avatar before they have to conclude whether the avatar is guilty
or not. After they give their verdict, the application shown them the correct answer
for each assessment of the scenario. After this, player, is given a chance to replay the
expression to match the facial gestures with the correct answer. The training stage
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have the same amount of scenario for male and female avatars (2 each). For each of
the avatar gender for this stage, the application provides one example of a deception
(guilty) scenario and one example of honest (not guilty).
4) Post-training phase: This stage presents two scenarios (one for each gender) with only
the last 2 questions to be given to the virtual avatar before the verdict (guilty or not
guilty) is given. These scenarios have been shown in the Pre-training stage and chosen
to see whether the user have made a progress on recognising the facial gestures of
avatar when it’s compared to their performance for the same scenario in the pretraining stage.
9. When the application is exited, the experimenter asked the participant to take off their virtual
reality equipment.
10. Participant is asked to sit back on the computer desk, the experimenter maximises the
browser in the computer and the participant is asked to fill the questionnaire
11. After the participant finished filling the questionnaire, experimenter tells them that the
experiment is done and thank them for their participation.
Script for the experimenters:
1. “Good morning/afternoon, my name is [experimenters name]. I will guide you through the
experiment today.”
2. “First please read through the plain language statement document to make sure you understand
what you will need to do in this experiment. When you’re finished, please sign the consent form.”
3. Wait until the participant finish and signed the form
4. “Today you will be using a virtual reality headset and controller which should be located on the
table in front of you. Starting from the controller (Experimenter hold up an unused controller). The
button that will be used is the trigger button.
The trigger button (Experimenter point at the button) is used to interact or select any options in the
application.
The last, the headset. Put it on from the top of your head as if using a hat with the goggles in front.
You can tighten and loosen the headset by turning the circle at the back of your head. Make sure
that you can see the visual of the application clearly with the headset is on and the speakers are on
your ears. (Demonstrates putting on the headset and take it off after).”
5. “Now you may begin the experiment, put your headset on and I’ll start the application for you”
6. “Your participant ID is: ___” in case participant does not remember
7. Experimenters check the participants progress every 5 minutes, ensure that they’re not having any
difficulties.
8. Once the participant is done. “Now please fill in this questionnaire.”
9. When a questionnaire is filled “That concludes the experiment. Thank you for your participation,
the result of this experiment will be posted on the website starting from around week [1] of [May].
You may leave.”

C Questionnaire
Questionnaire result (n=11)
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E Application recorded data

The gure denotes the correct answer based on the scenario in general by dividing the bar in the chart for experiment and control group.
The line graph denotes the average value of both group.
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Figure 6.5.1: Experiment group truth or lie answer distribution. Variable format "S" + scenario number + "Q" + question number +
correct answer
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Figure 6.5.2: Experiment group truth or lie answer distribution. Variable format "S" + scenario number + "Q" + question number +
correct answer
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Figure 6.5.3: Accuracy rate for each question according to the scenario. Variable format "S" + scenario number + "Q" + question number
+ correct answer
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F Plain Language Statement, Consent, and
Withdrawal form

PLAIN LANGUAGE STATEMENT AND CONSENT FORM

TO: Participants
Plain Language Statement
Date:
Full Project Title: ASSESSING COMMUNICATION CUES IN VIRTUAL AVATARS
Principal Researcher: Dr Shaun Bangay, Sophie McKenzie
Student Researcher: Farah Ditha Farizi
Associate Researcher(s):

You are invited to participate in this research project as part of my, Farah Ditha Farizi’s
honours degree (S470 - Bachelor of Information Technology (Honours), Deakin University).

1. Purpose
This research is intended to assess your ability in recognising communication cues in the form
of human facial gestures in a virtual reality environment. We aim to see whether it is possible
to perceive expressions in a virtual avatar as effectively as in a normal real human scenario.
From this, we will derive the relationship between the cue detection and the ability to
determine the occurrence of deception.

2. Methods & Your Participation
Your participation involves playing a game in a virtual reality environment. The gameplay will
either be real-life footage or 3D virtual avatar footage. Both types of footage will be played in
the virtual reality environment. Real-life footage will be shown in form of a 2D video footage
in a flat surface (figure 1) and the 3D virtual avatar footage will be shown in form of a 3D
modelled character (figure 2). The gameplay should take no longer than 20 minutes. At the
end of the experiment, you will be given a survey to be complete based on your experience.
This survey should take no longer than 5 minutes.

Plain Language Statement & Consent Form to Participant
[project ID]: version n: [date]
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Figure 1 depicting real-life footage of (left) male agent and (right) female agent

Figure 2 depicting 3D virtual avatar of (left) male agent and (right) female agent

In the gameplay, you will take the role of the interrogator who questions the virtual agents
regarding the accusation about them. When the agent is responding to the questions, you are
expected to observe the agent's facial movement for cues. After the question is answered,
you will have to decide whether the answer was truth or lie; the agent’s facial movement
should determine your choice. When all the questions of the scenario have been given to the
agent, you will have to decide whether the agent is guilty or not guilty. You will be given 15
seconds to select your answer.
The gameplay will be separated into 4 stages:
•

•

•

Tutorial stage: The stage consists of 2 questions with responses you need to rate in
addition to the final rating at the end of each scenario. This stage is designed for you
to get familiar with the environment, therefore your answer in this stage won’t be
counted into the scoring system.
Pre-training stage: The stage consists of 10 scenarios, each of them having 4 questions
whose responses you need to rate in addition the final rating at the end of each
scenario. Your answer in this stage will be counted into the scoring system.
Training stage: The stage consists of 4 scenarios, each of them having 2 questions with
responses you need to rate in addition the final rating at the end of each scenario. At
the end of each scenario, the correct answer for the questions will be shown and you
may choose to replay the scenario one more time or continue to the next one. Your
answer in this stage will be counted into the scoring system.
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•

Post-training stage: The stage consists of 2 scenarios, each of them having 2 questions
with responses you need to rate in addition the final rating at the end of each scenario.
Your answer in this stage will be counted into the scoring system.

At the conclusion of the post-training stage, you will be able to see your scores based on your
gameplay. The game will be exited automatically once 15 second has passed since the score
display starts.
The game will be played using HTC Vive Virtual Reality mounted headgear and one controller.
All selections in the game can be chosen by moving the controller to highlight any option and
pressing the trigger button of the controller. To guide you during the whole gameplay, an
instruction to press the trigger button will be visible when it’s required. The stage you are
currently in is always visible for you to see.

Figure 3:
The blue box shows the stage the
gameplay is at and the black box
denotes the instruction to press
the trigger.
The tests will rely on the visual domain. This includes the gameplay components which will be
displayed in an immersive virtual reality immersion environment. In addition to that, there
will be external audio responses. Precautions will be taken to eliminate the danger of exposure
to stimuli such as motion sickness, and physical harm from reduced awareness of the physical
environment. In a case when you are feeling the side effects mentioned, please take off your
VR headset and alert the researcher to stop the experiment immediately.
Your in-game actions and performance will be automatically logged as you play the game, and
your subjective experience will be collected in the form of a survey. All data that is collected
will be anonymous. The complete session will last no longer than 30 minutes.

3. Consent
If you are over the age of 18, you are required to complete the Consent form in this package
before the commencement of the participation.
If you are under the age of 18, it is expected that you will be tertiary (university) students. You
will have the capacity to consent participation even in under the age of 18.
Plain Language Statement & Consent Form to Participant
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4. Benefits
We cannot guarantee that you will personally receive any significant benefits by participating
in the research project. However, we expect you to draw the relation between human
expression and deception. The application will show you whether your answer is correct or
not and it’s possible for you to draw relation on your result to find out the main points that
should be observed in order to answer correctly. Therefore, the application can be used to
measure your skill in detecting lie and deception and have a possibility to guide you to learn
how to detect lie and deception.
In addition to that, your participation will provide us with data which will be used to
understand the expressions that human can detect in the virtual avatar. The knowledge gained
in this research will contribute to the wider game development community and
communication field.

5. Risks
The head-mounted display used to present 3-dimensional space to players will reduce your
awareness of the physical world around them. To ensure that players do not cause any
damage to themselves or the environment around them, you will be positioned in sitting in a
chair the middle of a space cleared of any obstacles. You will not need to make any movement
out of that position as the game will only require you to turn their body or head to face another
direction and the other movement will be done with both of their hands.
The in-game interactive components are positioned close to the player, so you will not need
to move out of the play area or make 360 degrees turn to complete any gameplay objectives.
If the player moves out of their play area, a prompt will be displayed telling you to move back
to the safe area. The researcher will also be present to guide you back to their expected place
in a case where you are having difficulty navigating it.
Some users of virtual-reality technology experience a phenomenon commonly referred to as
“VR sickness”. The manifestations of this condition are similar to motion sickness and are
entirely temporary.
Please do not complete this experiment if you have any known medical issues related to the
use of VR (migraines, epilepsy, etc). No medical assistance will be available during this
experiment.
To ensure the anonymity of your recorded data and survey responses, all consent forms will
be securely stored separately from the other data.

6. Privacy and Confidentiality
The data collected will be anonymous and no identifying data will be collected. Data will be
stored securely in a password-protected account on Deakin University’s servers. All data will
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be stored for a minimum of five (5) years after the final publication using the data. Test data
may be accessed by other research teams in the future.
As your survey responses are anonymous it will not be possible to retrieve your individual
information should you decide to withdraw after your submission of the survey.

7. Results
The summary of the results will be shown on the research website. The findings will be
published in a to-be-determined conference publication and a publication in a peer-reviewed
journal.

8. Payment
You will not be compensated for your participation in this study.

9. Contact Details
If you require further information or if you have any problems concerning this project you
may contact the following:
•

•

•

Shaun Bangay
o Principal investigator
o School of Information Technology, Deakin University
o shaun.bangay@deakin.edu.au
Sophie McKenzie
o Principal investigator
o School of Information Technology, Deakin University
o sophie.mckenzie@deakin.edu.au
Farah Ditha Farizi
o Student Investigator
o School of Information Technology, Deakin University
o ffarizi@deakin.edu.au
10. Participation is Voluntary
Participation in any research project is voluntary. If you do not wish to take part you are not
obliged to.
Your decision whether to take part or not to take part will not affect your relationship with
any member of the research team.
Before you make your decision, you are invited to contact a member of the research team to
answer any questions you have about the research project. You can ask for any information
you want.
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11. Complaints
If you have any complaints about any aspect of the project, the way it is being conducted or
any questions about your rights as a research participant, then you may contact:
The Human Research Ethics Office, Deakin University, 221 Burwood Highway,
Burwood Victoria 3125, Telephone: 9251 7129, research-ethics@deakin.edu.au
Approval to undertake this research project has been given by the Faculty of Science,
Engineering and Built Environment, Human Ethics Advisory Group (HEAG), Deakin
University
STEC-53-2018-FARIZI

12. Required information for general research
Data will not be shared with another group. Only aggregated results will be published/shared.
The principal investigators and student investigator have established a weekly meeting
schedule that will be upheld to continue monitoring progress and evaluating outcomes.
13. Withdrawing Participation
To avoid discomfort, you are made aware that you can withdraw from participation for any
reason at any point, and that doing so will not have any negative consequences.
Participation in this research is completely voluntary and not linked to assessment or learning
requirements within participants unit/course of study. We are focused on performance and
honest recount of experience and do not anticipate that this will lead to distress. However,
should this happen, and you feel that you would rather not continue, please feel free to
discontinue your participation at any time. All data collected up to that point will be destroyed.
However, as all gameplay data is anonymous as it is collected after you leave the gameplay
area withdrawal of data will not be possible. There are no implications from your withdrawal.
To withdraw your participation, fill the withdrawal form that you can find at the end of this
PLS and send it via email to one of the researchers.
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM
TO: Participant
Consent Form
Date:
Full Project Title: ASSESSING COMMUNICATION CUES IN VIRTUAL AVATARS
Reference Number: STEC-53-2018-FARIZI

I have read, and I understand the attached Plain Language Statement.
I understand that I need to be over 18 years of age to participate; otherwise, I declare to be
a student of tertiary (university) levels and therefore have the capacity to consent my
participation even under the age of 18.
I freely agree to participate in this project according to the conditions in the Plain Language
Statement.
I have been given a copy of the Plain Language Statement and Consent Form to keep.
The researcher has agreed not to reveal my identity and personal details, including where
information about this project is published or presented in any public forum.

Participant’s Name (printed) ……………………………………………………………………
Signature ………………………………………………………

Date …………………………
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM
TO: Participants

Withdrawal of Consent Form
(To be used for participants who wish to withdraw from the project)
Date:
Full Project Title: ASSESSING COMMUNICATION CUES IN VIRTUAL AVATARS
Reference Number:

I hereby wish to WITHDRAW my consent to participate in the above research project and
understand that such withdrawal WILL NOT jeopardise my relationship with Deakin
University.

Participant’s Name (printed) …………………………………………………….

Signature ………………………………………………………………. Date ……………………

Please email this form to:
Farah Ditha Farizi,
ffarizi@deakin.edu.au
Phone: (04) 16 940 562
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