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ABSTRACT

The purpose behind this thesis was two-fold. First,
the effect of sound delivery on a user’s sense of presence
in a virtual environment was investigated. Second, the
physi ol ogi cal responses of electrodernal activity, heart
rate, and tenperature were neasured and correlated to the
user’s subjective sense of presence in an attenpt to
deternmine if physiological nmeasures can be used in the

future as an objective neasure of presence.

A conputer based first-person shooter gane (Medal of
Honor : Allied Assault™ was wutilized as the virtual
environnment. The independent variable was sound delivery
method (no sound, 5.1 surround sound, headphones, and
headphones wi th subwoofer). The dependent vari ables were

physi ol ogi cal response and questionnaire results.

Results indicated that sound contributed to the user’s
sense of presence as evidenced by electrodermal activity
and t enperature and guestionnaire scor es. Al so,
significant changes occurred between the speaker and
headphone sound delivery nethods. This response suggests
that speakers <created a higher sense of enotion and
possi bl y i nduced a  higher | evel of presence in

participants.
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. 1 NTRODUCTI ON

The United States mlitary has been wusing virtual
environnments for nmany years. Exanpl es include flight
simulators for pilot training and conduct of fire trainers
for tanks and arnored vehicles. As resources dw ndle, both
monetarily and environnentally, the mlitary has continued
to look to technology to overconme the |ack of resources for

training.

The first virtual environnent trainers were designed
for nmounted soldiers and airnmen, those who operate vehicles
such as tanks and aircraft. But with dw ndling resources,
the enphasis is shifting to sinmulation of all types of
mlitary operations including disnounted operations. These
new virtual environnments have the potential of allow ng
safer and |ess expensive training for the disnounted
mlitary [LAMP 94]. Wi le technology such as virtual
environnments is not the panacea for all training, it does

have its applications.

A nmotto in the mlitary is “train Iike we fight, fight
like we train”. Using real world exercises, it is easy to
see how the notto is supported. However, when the training
is done in a virtual environment, it my be difficult to
adhere to the notto. In order for the mlitary to “train
like we fight” the soldier mght benefit from “feeling”
like he is in the environnent. This is commonly referred
to as presence or inmersion. But until an objective
measure of presence is discovered, it is hard to determ ne

what effect presence has on training.



A PRESENCE | N VI RTUAL ENVI RONVENTS

One aspect of the subjective experience in VE
systens that has received considerable attention
is the extent to which the human operator | oses
hi s awareness of being present at the site of the
interface and instead feels present in the
artificial environnent. This feature is often
referred to under the headings of tele-presence,
virtual presence, or synthetic presence and is
dependant on many factors, including (but not
limted to) the extent to which the interface is
transparent and attenuates stinulation from the
i medi ate environnment, as well as the anmounts and
kinds of interaction that take place in the
artificial environment [DURL 95].

The term “virtual environnment” or “virtual reality”
inplies the user wll experience an alternate reality in
place of true reality. Wthin this context, the term
“presence” has been used to describe the subjective state
of “being there” in a mediated environnment. The reason for
the perception of being in the environnment is both a
product of the environment and the interface wused to
interact with that environment. Wtner and Singer consider
presence and imersion inseparable entities [WTM 98].
Sl ater considers inmersion a product of the hardware used
in the virtual environnment [SLAT 99]. The difficulty lies
i n nmeasuring “presence”.

A better understanding of what presence is, what

encourages and discourages it in users, and its

effects, should save valuable tinme and noney and

i nprove the end product in the design of new and
redesi gn of current nedia technol ogies [LOVB 97].

Even though presence has not been adequately defined, it is
generally believed that the greater nunber of human senses

involved in a wvirtual environment, the greater the
2



possibility the VE has of generating presence [LAWS 98].
This line of thinking follows the real world. Peopl e are
present in the real world and are inundated with stimul

that affect all of their senses. In order to achieve the
sane sense of presence in the real world, the virtual world

shoul d incorporate as many of the sane senses as possi bl e.

B. QUANTI FYI NG PRESENCE

Research in quantifying presence is still in its
i nfancy. Various neans have been used in an effort to
gquantify this phenonenon. Two categories of nmeasurenent

met hods (subjective and objective) have been used in an
attenpt to quantify presence. Due to the subjective nature
of presence, it is nost easily measured using subjective
guesti onnai res. Thi s method allows the user to
subjectively rate how present they felt in the environment
by answering a |ist of questions concerning their sense of
presence while in the VE However, there are inherent
problems w th subjective questionnaires. Some drawbacks
i nclude the respondent’ s understandi ng of presence, relying
on menory to answer the questionnaire, and bias due to the
appeal of the VE content. Ot her subjective neans of
nmeasuring presence are continuous presence assessnment and
psychophysi cal nmet hods. bj ective corroborative
measurenment nethods include collecting data on a user’s
postural changes during VE exposure, neasuring the user’s
physi ol ogi cal responses duri ng VE exposure, and
adm nistering a post-exposure test used to quantify where
attentional resources were focused during exposure to a
dual -task environnent. Al of these nethods are discussed

in greater detail in the background secti on.
3



C. RESEARCH OBJECTI VES

The first objective of this research is to determ ne
how the nmethod of sound delivery affects the user’s sense
of presence in a virtual environnent. The notivation for
this is the continuing dependence of the mlitary on
conput er-based training aids. Headphone systens have a
much smaller footprint than speaker systenms, making them a
desirabl e choice for deployable sinulators. If it can be
determ ned that headphone delivery is as effective as
speakers in creating a high sense of presence, then
mlitary organizations will be able to mnimze cost and
space requirenents for conputer based training aids.
Presence wl| be neasured wusing both objective and

subj ective neans.

Anot her goal is to investigate an objective nmethod for
measuring a wuser’'s sense of presence in a virtua
envi ronmnent . Current nethods rely on subjective ratings
that may vary wdely between individuals as well as the
sane individual between rating periods. Qbjective neasures
renmove sonme of this variability and may allow for a nore
reliable neasurenent of presence. The operational
definition of presence for this study is change in
physi ol ogi cal responses. The participant’s physiological
responses will be recorded while they are exposed to and
interact with the virtual environnent. These responses
w | | give insight into the enotional state of the
participant while in the virtual environnent. The change
in enotional state should also result in a change in the
user’s sense of presence (see figure 1). Additionally, the

4



responses
| evel of
det er m ne

will be conpared to the participant’s subjective
presence as neasured with a questionnaire to

if a correlation exists.

Participant

=
L
=

Fi gure 1.

Theoretical Approach Linking Enotional State to
Presence.

D. THESI S ORGANI ZATI ON

Thi s

thesis is organized into the foll owi ng chapters:

Chapter |I: Introduction. This chapter provides
an overall outline of the thesis. It discusses

t he i nmportance of presence in virtual
environments and current measuring techni ques.

It al so covers the research objectives and

noti vation behind this thesis.

Chapter |1: Background. This chapter covers past
and present work relevant to this thesis. It
defines presence and i mersion, differences

bet ween the two, factors that influence presence,
nmet hods for measuring presence, and descri bes how
physi ol ogi cal nonitoring can be used to |ink

subj ective neasures of presence (questionnaires)
to objective neasures of presence (physiol ogical
responses). It also discusses the background on
enotions and the physiol ogical correl ates of
enoti on.



Chapter I11: Method: This chapter describes the
experinment and the four treatnments adm ni stered
to the participants.

Chapter IV: Analysis. This chapter contains the
results of the experinent in ternms of the stated
hypot heses.

Chapter V: Conclusions and Recommendations. This
chapter provides an overview of the experinent,

t he concl usi ons, and recommends future work in
this area of research

Appendi ces:

Raw Dat a

Experi nment Protocol

I n-brief Script

Consent Forns
Questionnaires

Equi prent Specifications

nmmoow>



1. BACKGROUND

A. VI RTUAL ENVI RONVENTS

Over the past couple of decades, virtual reality (VR
and virtual environnments (VE) have becone hot topics of
di scussion and experinmentation. Vi rtual reality has
enabled us to create many different virtual objects and
environnments. Virtual universities, offices, pets, actors,
studi os, nuseuns, doctors, and wi nd tunnels are sone of the
many virtual creations, just to nane a few. Vi rt ual
environments or synthetic environnments create a virtual
reality using imersive hardware devices designed to allow
the user to navigate and interact with the environnment in
such a way that he actually feels present within the
environment. In order to fully understand this definition,
it is inperative that we understand how virtual reality,

i mrersion, and presence relate to virtual environnents.

To adequately define virtual reality, we nust first
understand the neanings of the words “virtual” and
“reality”. Virtual is defined as existing or resulting in
effect or essence though not in actual fact, form or nane.
Reality is defined as the quality or state of actual or
true [VWEBS 88]. Conmbi ning these two definitions, virtual
reality seems to suggest a reality that 1is believable
(accepted as real or true), and yet does not physically
exi st.

John Vince describes two types of VRs, immersive and
non-i mer si ve. I Mmersive VRs were originally described as
environments that provided the user with a “first person”

view of the virtual world.



In the 1980s real -tine conmputer graphics becane a
reality, and VR becane a comercial reality.
Initially, early VR systens conprised a real -tine
conputer system a head-nmounted display (HVD)
and an interactive gl ove. Apart from suppl yi ng
the wuser wth stereoscopic imges, the HWD
imrersed the wuser in the wvirtual world by
preventing them from seeing the real world.
| mersion increased the sensation of presence
within the virtual world, and for sonme people,
i mersion distinguished VR systens from other
types of real-time conputer graphics systens
[ VINC 01] .

Early conputer ganes were considered non-inmersive
VRs. They did not provide the user with a real-tine 3D
environment in which to navigate or interact, and they did
not provide a “first person” view of the virtual world.
Today, an immersive VE can be achieved using a PC capable
of displaying real-time images of 3D environments that
provide a “first person” view and allow the wuser to
navigate and interact wth the nediated environnent.
Al t hough conputer sinulations and “first person” type ganes
can induce a sense of presence in their wusers, their
i mrersive capabilities still fall well short of their nore
expensive partners (CAVES and fully interactive HWVD
envi ronnments). In order to fully understand what virtual
reality is, discussion of its defining characteristics,
i mrersi on and presence, follows.

B. | MMERSI ON

| mersion, as defined by Vince, is the sensation of
being part of a VE [VINC 01]. Sl ater defines inmrersion
nmore specifically as a product of the VE hardware [ SLAT

99]. There are many characteristics of VE hardware that

8



encourage this sensation and a non-exhaustive list of sone
of these characteristics and how they influence inmmersion
is shown in table 1.

Table 1. Hardware Characteristics that | nfluence

| mer si on.
| mrer si ve Af f ect ed I nfl uence on | mMersion
Characteristics Sense

Field of View Vi si on Limts Real-Wrld Distractions

St er eoscopy I ncreases Depth Perception

Di spl ay Screen Resol ution | nproves I mage Quality

Col or Di spl ay I ncreases Scene Realism

Refresh Rate | nproves Display Quality

Updat e Rate Reduces Flicker Distractions/Eye
Strain

Sound Hear i ng I ntroduces Sense of Hearing

Surround Sound | mproves Sense of Location and
Orientation (Spatialization)

Haptic/ Tactil e Feedback Touch I ntroduces the Sense of Touch
Provi des Force Feedback

O factory Feedback Snel | I ntroduces the Sense of Snell

Ki nest hetic Feedback Vesti bul ar Provi des a Natural Means for
Sel f-Motion/ Navigation in the VE

Lessiter clains “...the greater the nunber of sensory
inputs provided to different nodalities, the greater the
sense of presence” [LESS 01]. This can be restated as the
greater imrersive characteristics of the environment and
the nmore nodalities presented within the VE, the greater
the resulting sense of presence for the VE participant.
The two senses that receive the nost attention in VEsS are
vi sion and hearing. The sense of vision is relied upon
about 70 percent of the tinme for perception in the real
wor |l d, while hearing (sound) accounts for about 20 percent.

The remaining ten percent is distributed anmong the other



sensing nodalities [HEIL 92]. This being said, Tom Hol man
and the artists at Lucasfiln™ consider audio a primry
enotion-i nducing mediumin novie presentation conprising at
| east 50% of the notion picture experience [HOLM 00]. The
above table shows various imrersive characteristics that
can be adjusted to influence the imersive qualities of a
VE. As the immersive qualities of a VE increase, the
ability of the VE participant to feel Ilike they are
actually present in the environnent also increases. Thi s
feeling of actually being present in a VE, known as

“presence”, is the next subject of discussion.

C. PRESENCE

When the curtain swept up to reveal the now
| egendary w de-screen roller coaster ride, |
realized the films creators were no |onger
content to have ne |look at the roller coaster but
were trying to put nme physically on the ride.
The audience no |onger surrounded the work of
art; the work of art surrounded the audience -
just as reality surrounds us. The spectator was
invited to plunge into another world. W no
| onger needed the device of identifying with a
character on the other side of the ‘w ndow.’™ W
could step through it and be a part of the
action! — Mrton Heilig comenting on his
experience with Cnerama in New York, 1952.

1. Definition of Presence

The nost commonly stated definition of presence is a
sense of “being there” in a nediated environnment. The term
inplies that those who are wusing a virtual environment
actually feel as if they are part of the virtua
environnment [KALA 00]. This in turn inplies that the user
will get as nmuch sensory input fromthe virtual environnment

as he would from the real world. Wil e current technol ogy
10



cannot support the last statenent fully, it is the ideal

virtual environnment.

Presence can be illustrated as a “continuum of
reality”. On this continuum the left endpoint is zero or
| ow presence (less realistic) while the right endpoint is
hi gh presence (nore realistic, see figure 2). Consider the
following environnents and where they mght go on the
continuum TV show, novie (in a theater), desktop VR, |NMAX
nmovi e, CAVE application, and a Head Munted D splay (HWD)
application. The TV show will go toward the | ow end of the
conti nuum Wi le placenent is arbitrary, TV shows do not
offer much in the way of viewer involvenent. Next ,
consider a novie shown in a novie theater. It offers a
more conpel ling environnment due to soundtrack delivery over
a high quality speaker systemand will nost likely induce a
hi gher | evel of presence than the TV show. Therefore, it
will appear to the right of the TV show on the reality
conti nuum Thirdly, a desktop VR application allows for
user interaction, thereby possibly increasing presence. It
will go to the right of the novie. An IMAX™novie, on the
other hand, will go to the right of the desktop VR due to
its ability to involve the viewer with a wder field of
view. Virtual environnents that involve a CAVE or a HVD go
even further to the right. The CAVE is to the left of the
HVD due to the HVDs ability to conpletely block any
external visual stimuli from the user. The CAVE still
allows the user to see the floor, back wall, or any other
part of the apparatus that is not part of the display.

Anot her aspect of these “environnents” that needs to
be considered is the content of the environnent. A black

11



and white or silent novie will nost likely rank |ower in
presence than the new “high-tech” novies of today (e.qg.
Star Wars, Termnator, etc.). Wile there is sone room for
argunment on what goes where on the continuum these are
just exanples to illustrate the concept. There are no hard
and fast rules on placenent of environments on the
continuum primarily due to the lack of a solid definition
of presence.

Low Hi gh

Presence Presence
TV Myvie Desktop VR 1 MAX CAVE HWD

< || | | || >
| | | |

Figure 2. Continuum of Reality.

12



A nunber of variables appear as possible causes of
presence, either positively or negatively, and is shown in
table 2.

Tabl e 2. Possi bl e Causes of Presence (From [ KALA 00]).

Vari abl e Contri bution

Form Vari ables — This group includes the nore objective paraneters

Sensory out puts

Nunber of sensory outputs Positive (for higher nunbers)

Consi stency of sensory outputs Positive (when consistent)

Vi sual out puts — have various dinensions Strong — see dinensions bel ow
Di spl ay size Positive (for |arger proportion)
Vi ewi ng di stance Positive (for Iarger proportion)
Quality of imge Positive (for high quality)
Dept h cues Positive
Canera techni ques Positive

Audi bl e out puts — has different dimensions Strong

Ot her sensory outputs (smells, touch etc.) Can be influential, but
usual ly less strong than
audi o or visual

Body novenent and force feedback Positive when done well
Inactivity of medium Positive
Visibility/obtrusiveness of nmedium Negati ve
Interference fromreal world Negati ve
Human cont act Positive

Content variables — can be objective and subjective

Characters and storylines Positive and negative
Medi a conventi ons Usual Iy negative
Nature of representation Positive and negative

Medi a user variables — These are highly subjective and depend directly on
t he i ndi vi dual

W 1lingness to suspend disbhelief Positive

Previ ous experience Positive or negative
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Al though there exist many definitions of presence,
Heeter has defined presence as having three dinensions:
personal, social, and environnmental [HEET 92].

a. Per sonal Presence

Per sonal presence refers to t he ext ent
individuals feel they are present when operating in a
virtual environnent. Research in this area attenpts to
identify what features are needed in a virtual environnment
to convince users they are in another world [BERN 99]. The
reasons that users may feel like they are in the virtual
world are many but could be as sinple as seeing their own
hand in the virtual world.

b. Soci al Presence

Social presence is the extent to which other
beings also exist in a virtual environnment and react to the
primary user. The premse is that if other people exist in
the virtual world, it lends nore credence that the world
exi sts. The people can either be other humans interacting
with the virtual environment or conputer generated beings
that are a part of the environnent. In either case, the
perception that sonmeone recognizes the wuser in the VE
creates a nore believable environnent for the user.

C. Envi ronnent al Presence

Envi ronnmental presence is the extent to which the
environnment reacts to the user. The ability to nodify an
environnment has been proposed as a key conponent of
presence [SHER 92]. Modi fication of an environnent can be
as sinple as noving a chair or turning on a light with a
light switch. Environnmental presence is also enhanced when

the objects in the VE behave simlar to their real world
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counterparts. If the user has the ability to do sonething
in the VE that cannot be done in the real world (i.e., walk
t hrough objects like walls or furniture), their sense of

presence may be adversely affected.
2. Measuri ng Presence

Research in presence neasurenent is still relatively
young. Currently, there is no generally accepted theory on
presence [IJSS 00]. In an effort to quantify the user’s
sense of presence, nobst neasuring technigues contain a
means for collecting data on a conbination of all three
di mensi ons expl ai ned above. Because of this, many nmethods
have been utilized. The different nethods can be divided
into two categories: subjective neasures and objective
corroborative neasures. The follow ng sections discuss the
nore conmon net hods used in each category.

a. Subj ecti ve Measures

The subjective nature of presence has led to the
argunent that the “subjective report is the essential basic
measurenment” for obtaining a user’s |level of presence [SHER
92] . The nobst common subjective neasure is through post-
test rating scales. O her nethods include continuous
presence assessnent and psychophysi cal nethods. The | ack of
an exact definition of presence makes creating one standard
subj ective nmeans for gathering data nearly inpossible.

(1) Questionnaires: Questionnaires are by
far the easiest nethod available for neasuring presence.
An advantage of questionnaires is the unobtrusive way in
which they can be adm nistered. There are severa
subj ective guesti onnai res desi gned to obtain an
i ndividual’s sense of presence [SLAT 98, SING 96, LESS 00].
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Al t hough nobst questionnaire authors possess simlar views
on presence, the lack of a standard operational definition
for presence allows different interpretations on how to
quantify this phenonenon.

Slater’s definition of presence includes three
aspects: (i) the sense of being in the nediated
environnment, (ii) the extent users respond to events in the
VE vice the real world, and (iii) the extent that user’s
remenber the VE as a place they visited rather than
sonet hing that was seen on the conputer [SLAT 99]. Sl ater
further defines inmmersion as the extent the VE hardware
delivers a surrounding environnment, shutting out real world
sensat i ons and repl aci ng them wth vi rtual wor | d
sensati ons.

Wtnmer and Singer, on the other hand, consider
presence a product of i nvol venent and i mer si on.
| mer si on, according to Wtner and  Singer, is a
psychol ogical state characterized by the perception of
being envel oped by, included in, and interacting with an
environment that feeds the wuser a continuous stream of
stimuli [WTM 98]. It is this difference of opinion that
separates Slater’s questionnaire fromWtmer and Singer’s.

Sl at er t akes issue wth W t mer and Si nger’ s
gquestionnaire because sone of their questions address
hardware issues that he believes is a factor of inmersion
not presence. |jsslesteijn, de Ridder, Freeman, & Avons
[1JSS 00] also note a problem in Wtner and Singer’s
guestionnaire IS t he i nseparability of i ndi vi dua
characteristics and properties of the virtual environnent
caused by their definition of imrersion. Vari ous ot her

guesti onnai res have been devel oped and are being used in an
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effort to gauge an individual’s level of presence when
placed in a nediated environment, but limted consolidated
data is avail able on these questionnaires.

(2) Continuous assessnent: An  obvi ous
criticism of post-test ratings is the lack of rating
presence as a variation in tinme. The result of
guestionnaires is the overall sense of presence experienced
by the wuser throughout the tine spent in the virtual
environment. In order to overcone this shortfall, attenpts
have been made to neasure presence on a nore continuous
scal e. This method requires the user to make a presence
judgnent during use of the environnent by adjusting a

slider that is continuously sanpled by the conputer (see

figure 3) [1JSS 00].
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Figure 3. Continuous Assessnent Schematic (From [1JSS 00])

Conti nuous assessnent has one glaring potential

criticism how does adjusting the slider affect a user’s
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sense of presence? The wuser has to continuously nake
“presence” judgnents during use of the virtual environnent
to adjust the slider thereby potentially disrupting the
whol e experi ence. However, this may not be the case since
nost wusers of a virtual environnent know that they are
actually in a lab using a virtual environnent and reporting
on a sensation of being in the virtual environnent. This
is common to both continuous assessnent and questionnaires
[1JSS 00].

(3) Psychophysi cal Met hods: Some
psychophysi cal nmethods have been proposed, but not nuch
research has been done. Psychophysi cal methods i nclude
free-nodul us magni tude estimtion, cross-nodality matching,
and paired conparisons.

Snow and WIIliges used free-nodul us magni t ude
estimation to investigate the effects of a wi de variety of
paranmeters on presence [SNOW 98]. Free-nodul us magni t ude
estimation involves the presentation of several stinuli to
a participant. The participant is required to assign a
nunber for each stinulus based on the strength of their
subj ective sensation. The first stinmulus presented is
al nrost arbitrary, but the followng stinmuli are lased off
the first.

The second psychophysical nmethod is cross-nodality
matching. It is a variation of magnitude estimtion but is
usual ly reserved for those situations where verbal scaling
is difficult. Cross-nodality matching requires the
participant to indicate his |evel of presence in one
nmodal ity by expressing adjustnent of a paraneter in another
nodality (e.g. “Make this sound as intense as the strength
of presence you experienced in this VE') [IJSS 00].
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The final psychophysical nmethod to discuss is paired
conpari sons. Wthin the context of wvirtual environnents
this has sonetines been referred to as the “virtual reality
Turing test” [IJSS 00]. In this nmethod, a participant is
asked to distinguish a real scene from a virtual one.
Qoviously, it will be unlikely that the participant wll
not be able to determ ne which the real scene is. In order
to give each scene an “equal footing”, both scenes have to
be viewed under the sane constraints, i.e. limted field of
view, no sound, reduced color/contrast, etc. The anmount of
degradation of the real scene required to nmke it
i ndi stinguishable fromthe virtual scene is the neasure of
presence. A criticismof this method is that it is not a
measure  of presence but rat her a neasure of t he
participant’s ability to discrimnate between tw bad
i mges [1JSS 00].

b. bj ective Corroborative Measures

One of the downsides of using subjective neasures
of presence is that they require the respondent to have an
idea of what is neant by presence. Most users are

unfamliar with the term presence as it applies to virtua

envi ronnents. Also, if a participant has an interest in
the subject being displayed in the environnent, his
presence score may be biased (see [FREE 99]). It is these

reasons that an objective neasure of presence is sought.
There are three main objective corroborative neasures in
use: post ur al responses, dual t ask nmeasur es, and
physi ol ogi cal responses.

(1) Postural Responses: Postural responses
are a neasure of the participant’s observed body

adjustnments during virtual environnment use. The idea is
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sinple: if the display better approximtes the real world,

the participant will react as if he is in the real world.

This nethod bypasses the subjective neasures by measuring
responses that are automatic and not deli berately
controlled [1JSS 00a]. In a study where participants were
asked to stand as still as possible while watching a video
of arally car circling a track, it was found that postural

responses cannot be substituted for subjective neasures of
presence since the two neasures did not correlate across
partici pants. However, postural responses can be used for
corroboration of group subjective presence ratings [IJSS
00a] . Sonmething simlar to postural responses is
behavi oural response. These include such automatic actions
as ducking or flinching. The prem se behind behavi oural
responses is simlar to that of postural responses. That

is, if the user responds to the virtual environnent as he
would in the real world, then a higher sense of presence is
experi enced.

(2) Dual Task Measures: Dual task neasures
are consistent with the view that attention allocation is
an inportant part of presence. Because of this, another
objective nethod 1is that of secondary reaction tine
measurenments. As nore attention is focused on the primary
task, less attention remains for the secondary task. Thi s
typically results in participants naking nore errors or
taking longer to respond to the secondary task [IJSS 00].
Dar ken, Bernatovich, Lawson, and Peterson conducted a st udy
conparing the roles of attention and spatial conprehension
on presence. They concluded that attention mght be a

reasonabl e objective neasure of presence but found no
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correlation between spatial conprehension and presence
[ DARK 99] .

(3) Physiological Measures: Physi ol ogi cal
measures, such as heart rate and skin conductance, have

been suggested as objective corroborative neasures of

presence. However, little research has been done to relate
physi ol ogi cal mneasures to presence [IJSS 00]. In order to
di scuss how physi ol ogi cal responses are related to
presence, it is necessary to identify the relationship

between the body’s physiological responses, enotions, and
presence. The next section discusses previous research in
determning this relationship and the following section
di scusses the theory behind enotions and how they relate to
physi ol ogi cal responses.

C. Previ ous Research in Measuring Presence

Al t hough research in the neasurenent of presence
is in its infancy, several attenpts have been nmade to
establish a reliable r epeat abl e measur e for this

phenonenon. The following table lists several research
attenpts, identifies t he i ndependent and dependent
variables, lists nethods of mneasurenent used during these

attenpts, and the results fromthese efforts.
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Tabl e 3.

Presence Rel at ed Resear ch.

Resear chers | ndependent Vari abl e Dependent Met hod of Resul ts
Vari abl e Measur erment
[ DETE 98] Motion — Video vs Enot i onal Sel f-Reports Moti on increased
Still Pictures React i ons (SR) Phys Data arousal (EDA & SR)
(EDA & HR) and caused HR
decel eration
[1JSS 00] Motion — Video vs Post ur al Magnetic Tracker | PR — No significant
still pictures Responses (PR), Subj ecti ve Response (NSR)
. Presence (P), Rat i ngs .
Di spl ay — Mono vs Vection (V) Motion | ncreased P,
Stereo Involvemant’(l) V, &1; NSR for M
and Motion Di spl ay |ncreased P
Si ckness (NB) P&y
[ DI NH 98] Di splay — Low vs High Presence (P) Overall P rating | Display had no
Fidelit . . effect on Por M
y Menory (M Subj ective P
Audio — On vs Of questionnaire Audi 0 increased P
. . and SL M but had no
Afactory — On vs Of Qui z on Spati al effect on OL M
. Layout (SL) and
Tactile — On vs Of (bj ect Location | Ofactory slight
(a) increase in P (Not
Si gnificant),
increased OL M
Tactile increase in
P and OL M but no
effect on SL M
[ SLAT 95] Loconotion — walk in Presence (P) Sel f- Assessnent | Wal king -
pl ace or pointed via Questi onnaires correl ati on between
mouse Nausea (N) hi gher associ ati on
Association with with the VB and
the Virtual Body hi gher sense of P
(VB) Pointing — resul ted
in no correlation
Hi gher degree of N
associ ated w hi gher
sense of P
[ LESS 01] Speaker Configuration Presence (P) Questionnaires EXP 1 - 5.1
i ncreased P & AV
EXP1-1.0 20, 51 Audi o- Vi sual (AV)
Quality EXP 2 — Inclusion of
EXP 2 - 20, 21, 50, Bass increased P &
5.1 AV; nunber of
channel s had no
ef f ect
[ FREE 01] Speaker Configuration Presence (P) Questionnaires I ncl usi on of Bass
. increased P & AV,
2.0, 2.1, Audi o- Vi sual (AV) nunmber of channel s
2.0(Control), 5.0, 5.1 | Quality had no effect
[ SLAT 98] Body Movenent Presence (P) Questionnaire I ncreased novenent

Task Conpl exity

i ncreased sense of P

Task conplexity — No
Signif. Effect
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Table 3. Presence Rel ated Research(cont).
Resear chers | ndependent Vari abl e Dependent Met hod of Resul ts
Vari abl e Measur erment
[ FREE 99] Mot i on — Chserver Presence (P) Cont i nuous EXP 1 — Motion and
Moti on, Scene Motion, Assessnent Di splay increased P
M ni mal Motion Interest (1)
EXP 2 - No
D splay — Mono vs correl ation between
Stereo | and P; prior
experience in the VE
affected P
EXP 3 — Prior
experience affects
P; Stereo D spl ay
i ncreases P
[ MEEH 00] # of VE Exposures Presence (P) Questionnaire Correl ati on between
. EDA & P
Behavi or al
Responses Repeat ed exposur e
(questionnaires decreases P
and vi deo
noni t ori ng)
Physi ol ogi cal
Moni toring (EDA,
HR & Tenp)
[ DARK 99] EXP 1 — Audio & Presence (P) Questionnaire EXP 1 — Audio
D spl ay EXP 1 — Attention | Attention quiz | ncr eases
- engagerent; A can be
EXP 2 — Audio (A . 989 :
Spati al used as a partial
EXP 2 — Spati al Conpr ehensi on measure of P
Conpr ehensi on qui z EXP 2 — Audio
(SO i ncreases P; no
correl ation between
SC &P

The research efforts depicted in the table above show

that, although nmuch effort in establishing a clear
nmeasurenment criterion for presence has been nmade, few
concrete Ilinks have been established between dependent
vari ables and presence. Addi tional research nust be
acconplished to identify the variables that nost greatly
affect an individual’s sense of presence.

3. Enot i ons

...when the mnd is strongly excited, we mght

expect that it
manner
reacts on the brain;

woul d instantly affect
the heart...when the heart

23

in a direct

is affected it
and the state of brain again




reacts through the pneuno-gastric nerve on the
heart; so that under any excitenment there will be
much nutual action and reaction between these,
the two nost inportant organs of the body [DARW
72] .

Merriam Webster defines enmption as (1) the affective
aspect of consciousness; (2) a state of feeling; (3) a
psychic and physical reaction (as anger or fear)
subj ectively experi enced as strong feeling and
physi ol ogi cal |y invol ving changes that prepare the body for
i mredi ate vigorous action [WEBS 88a]. The earliest and
nost influential theory of enption is the Janes-Lange
t heory. This classic theory in psychology originated in
the 1880s independently by WIIliam Janes, an Anmerican
psychologist, and C. G Lange, a Danish physiologist.
James expressed his theory as follows:

Conmmon sense says, we |ose our fortune, are sorry

and weep; we neet a bear, are frightened and run;

we are insulted by a rival, are angry and strike.

The hypothesis here to be defended says that this

order of sequence is incorrect,... that the nore

rational statenent is that we feel sorry because

we cry, angry because we strike, afraid because
we trenble [ JAME 90] .

The shortened version of his statenment is that humans feel
enotional because we sense our body reacting. Bodi ly
reactions and the perception of those reactions are factors
in the experience of the enotion [GRIN 78]. The flip side
is that wthout bodily reactions there wuld be no

enoti ons.

A critic of the Janes-Lange theory was Walter Cannon
In a critical analysis of the relevant research in the

early 1900s, he suggested five major areas of objection to
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t he Janmes- Lange theory [GROS 67]. Central to his criticism
of the theory were the follow ng points [GRIN 78]:

1. When the bodily reactions that typically occur in
enotion are prevented from occurring (as wth
transection of the spinal cord and vagus nerve
and renoval of the synpathetic nervous system
enotional behavior in animals is not visibly
al tered.

2. The sanme bodily reactions occur in all enotions;
hence these changes cannot produce qualitatively
di fferent enotions.

3. The viscera have fewer sensory nerves than other
structures; hence people are typically unaware of
t he physi ol ogi cal processes occurring there.

4. Bodily reactions have relatively long |atency
periods, whereas reaction tine for enotional
responses is often much shorter.

5. Drugs, i ke adrenalin, t hat produce bodily
reactions do not necessarily produce enotional
reactions.

It is these criticisnms that |ed Cannon to develop his own
theory of enpotions, known as the Cannon-Bard theory. Hi s
t heory enphasi zed the role of sub-cortical structures, such

as the thal anus and hypot hal anmus, in enotions [GRIN 78].

We cannot throw out the Janes-Lange theory altogether.
Hohmann reported evidence that showed the Janes-Lange
theory to be relevant. In a study conducted with patients
who had spinal cord |esions, the Janes-lLange theory states
the patients would have reduced enotional experiences due
to the reduced nunber of nessages from the viscera (glands
and organs) to the brain. Cannon’s theory states such
| esions would have no effect on the patients’ enotions.
Cannon based his statenment on a study conducted on dogs

with such lesions, of which he said they responded
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enotional ly. He did point out that he could not tell if
the dogs still felt enotion. The human patients in the
study reported feeling less enption after the lesion than
before, but still maintained the ability to experience
enoti on [ HOHM 66] .

The effect of strain on the body is also an inportant

consi der ati on. Strain is the term used to describe the
i npact of stress on the body. The three categories of
strain are physical, nental, and enotional. Physi cal
strain is the actual physical |load on the body, i.e.

lifting a heavy item Mental strain is the nmental effort
required by a particular task. Enotional strain is the
excess nental effort required due to anxiety evoking
concepts of the task, e.g. worrying about deadlines [BACK
00] . Each of these different strains affects the body in
di fferent manners. Table 4 indicates how the different
strains have been shown to affect the physiologica
nmeasure. The bol ded neasures are the nore common ones used

in objective corroborative experinents for measuri ng

presence.
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Tabl e 4. Psychophysi ol ogi cal Paraneters of Different
Categories of Strain (From [BACK 00]).

Category of Strain
Physi ol ogi cal Measure Physi cal | Ment al | Enoti ona
EEG al pha activity (8-12 Hz) Ll
EEG theta activity (4-7 Hz) ™
P3 anplitude ™
P3 | at ency T
CNV anpl i tude T
Heart rate ™ T T
0.1 Hz conponent Ll
Respiratory sinus arrhythm a Ll
Addi tional heart rate T
Respiration rate T T
Fi nger pul se vol une l l
anpl i tude
Systolic blood pressure ™ T
Di astolic bl ood pressure 0 T
EDR anpli tude T T
EDR recovery tine 0
Spont aneous EDR frequency 0 )
Eye blink rate ™ T
Saccadi ¢ eye novenents T
Pupi | | ary di aneter T T
El ect ronyogr am T T T
Muscl e trenor T
Core tenperature ™
Fi nger tenperature 0
Epi nephri ne T T
Nor epi nephri ne T T
Corti sol T ™
Note: The variables are grouped according to their respective physiological stens.
“1" nmeans that the values of the paraneter in question increase with increasing
strain, and “!” that they decrease. More evidence is provided for double arrow than
for single ones.

Depending on the situation, the body responds in
different manners. This is the basis for the Three-Arousa
nodel shown in figure 4. Arousal System 1 is |abeled the
affect arousal system and is responsible for focusing
attention and orienting responses. Arousal System 2, the
effort system has the ability to connect or disconnect

i nput and output. Arousal System 3, activation, results in
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i ncreased readi ness of notor brain areas and is |abeled the
preparatory activation system Affect arousal shows up in
phasic heart rate or EDR anplitude. The effort system can
di sconnect systens one and three to prevent immediate
action and allow tinme for analysis [ BACK 00].

Types of Neuronal System Examples for
Arousal Predominantly Involved Physiological Measures
Arousal 1 . Amvadala ™ )
“affect g ¥y §- Phasic HR changes
arousal” ) | g Increase of EDA
= Focus of Attention o
2 l H
t € Decrease of alpha
Arousal 2 g > Hippocampus o S activity in the EEG
“eﬁort” E 3
| £ Decrease of HRY
- _ hid
2 Readiness i
5 l £
L] o
o L1
arousal3 | & S| cNVinthe EEG
« > Basal Gangila y O )
preparatory Tonic HR changes
activation”

Figure 4. Three Arousal Mddel for Engi neering
Psychophysi ol ogy (From [BACK 00]).

The study of enotion has taken four general paths:
enotional experience, enotional arousal, enotional action,
and enotional stinmulation. Enptional experience refers to
the subjective reporting of states felt and inferred.
Enotional arousal deals wth changes wthin the body
brought on by external stimuli. Enoti onal actions are the
direct response patterns (e.g., attack, smle, etc.).
Finally, enotional stinmulation refers to the features of
the environnment that illicit one or nore of the above [BLAC
70] .
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a. Physi ol ogi cal Correl ates of Enotion

Many physi ol ogi cal changes can occur during
changes in enotional states. The body controls its
physi ol ogi cal state through the nervous system Thi s
system has two branches: the central nervous system (CNS)
and the peripheral nervous system The CNS includes the
brain and spinal cord while the peripheral systemrefers to
the nervous tissue external to the brain and spinal cord.
The peripheral system is further divided into the sonmatic
nervous system and the autonom c nervous system (ANS). The
somati ¢ system is concerned with nuscular activities while
the ANS controls the body’'s visceral structures. The ANS
is further divided into the synpathetic nervous system
(SNS) and the parasynpathetic nervous system (PNS)[GRIN
78] . The SNS is domnant in situations requiring the
nmobi l'i zati on of energy while the PNS is dom nant when the
body is at rest [ANDR 80]. Table 5 illustrates which
portion of t he nervous system controls di fferent
physi ol ogi cal responses. See figure 5 for a schematic of

t he nervous systemand its major branches.

Table 5. Nervous System Mechani sns in the Control of
Physi ol ogi cal Responses (From [ANDR 80]).

Central Nervous Somati c Aut ononi ¢ Nervous
System System System
EEG (ongoi ng activity) EMG Heart rate (PNS, SNS)
Event -rel at ed EOCG Bl ood pressure (PNS, SNS)
potentials EDA (SNS onl y)
Pupi | response (PNS, SNS)
Bl ood vol ume (PNS, SNS)
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Nervous System

Central Nervous

System System

Somatic Nervous

Peripheral Nervous

Autonomic Nervous

System System

Sympathetic Nervous
System

Parasympathetic Nervous
System

Figure 5. Schematic Drawi ng of Nervous System Show ng the
Maj or Divisions (From [ANDR 80]).

The body has many reactions that acconpany enotions.

The six primary responses are heart rate, blood pressure,

el ectr oder nal nmuscl e potentials,
[GRIN 78].

ways and in

bl ood vol une, response,

and el ectroencephal ogram and related neasures
These measures can be recorded any nunber of

any conbi nati on.

Hear t is one of the nost
responses and is the nost conmon neasure of heart activity.
m nute (bpm. The
aver ages around 70bpm
100bpm

The

rate frequently neasured

It is usually expressed in beats per

normal rate for an adult human heart

al though this can fluctuate from bel ow 50bpm to over
other factors [GRIN 78].

as a result of enotions or
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beat represents the contracting of the heart in order to
punp blood to the rest of the body. This beating is
controlled by both internal and external mechani sns.

I nternal nechanisnms consist of a system of specialized

fibers. External factors, such as the nerves of the ANS
and CNS, also affect the rate at which the heart beats
[ ANDR 80]. Measurenent of heart rate is typically

acconpl i shed by an el ectrocardi ogram (EKG or ECG. The EKG
measures electrical potentials generated by the heart
muscle [GROS 67]. There are several standard nethods of
attaching electrodes to record EKG and are described as
foll ows [ ANDR 80]:

Lead I — Attach electrodes just above the wi st
on both the left and right arns with the positive
| ead on the left arm

Lead Il — Attach el ectrodes above the right wi st
and left ankle with the ankle |ead positive.

Lead Il — Attach el ectrodes above the left wi st
and left ankle with the ankle | ead positive.

The lead placenments described above are adequate for
nmeasur ement situations where novenment is mnimzed such as
sitting, lying dowm, or standing in one place. If novenent
of the participant is required, sternal or axillary |eads
are preferred. Sternal leads are placed over bones to
mnimze novenent artifacts. Axillary |leads are placed on
the nmuscle under the arm but are not as free from nmovenent

artifacts as sternal |eads [ ANDR 80].

Heart rate indicates physical as well as nental | oad.
The different changes in heart rate have different
meani ngs. Tonic changes indicate the need to resupply
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energy in preparation for response while phasic changes can
be used to determne stinulus-directed processing activity.
A decrease in finger volune pulse is a very sensitive
measure of defensiveness and indicates both nental and
enotional strain [ BACK 00].

Bl ood pressure is the force exerted by the blood on
the walls of the arteries. Pressure increases as the heart
contracts and decreases as the heart relaxes. The maxi num
pressure that occurs when the heart contracts is called the
systolic blood pressure. The opposite, the m ninmum
pressure that occurs when the heart relaxes, 1is the
di astolic blood pressure. The difference between these two
is called the pulse pressure [GRIN 78]. The nobst common
met hod of neasurenent is by an inflatable cuff wapped
around the upper arm This cuff is <called a
sphygnomanonet er . Li ke nost physiological signals, blood
pressure fluctuates continuously, but a neasurenent of
120/80 is considered normal for young adults. Lar ge
changes in blood pressure, usually an increase, acconpany

changes in enotional state [GRIN 78].

Related to blood pressure is blood volune. Bl ood
vessel s can constrict and dilate. Constriction is referred
to vasoconstriction while vasodilation refers to the
dilation of blood vessels. Vasodi | ati on occurs when the
activity of an organ increases, thus increasing its blood
vol une requirenent. The vessels dilate allowi ng nore bl ood
to that organ. Along with the increase of blood volunme to
an active organ, a simlar decrease occurs in inactive
organs by vasoconstriction of the inactive organ vessels
[ GROS 67]. Vasoconstriction and vasodilation of blood
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vessels in the periphery of the body is controlled by the
SNS and not the PNS; therefore, blood volune is a good
i ndex into SNS changes that occur due to changi ng enotiona

states [GRIN 78]. This redistribution of blood can
sonetines be weasily seen when a person blushes from

enbarrassnent or grows pale due to fear

Bl ood volunme neasurenent is nost easily acconplished
using a photoel ectric plethysnograph as depicted in figure
6. It works on the principle that light is absorbed by
tissue in proportion to the ampunt of blood in the tissue
[GRIN 78]. A beam of light is directed into the skin and
the resulting reflection is recorded by the photocell. The
anount of light reflected from the skin is used as the

i ndex of bl ood vol une.

OPAQUE CASE

CABLE OUTPUT CONNECTOR ASSEMBLY

E oUTPUT
CONNECTOR

TO PHYSIOGRAPH

LIGHT S0URCE PHOTO CONDUCTOR
1

FINGER LIGHT DIFFUSION

Figure 6. Photoel ectric Plethysnograph (From [GRIN 78]).

The fourth primary response to be discussed is
el ectrodernmal response (EDR). This response has becone one
of the nost frequently neasured signals in the field of
psychophysi ol ogy [BOUC 92]. The nore common all
enconpassing term is electrodermal activity (EDA). The
basis of EDA is the electrical properties of the skin.

These electrical properties are closely associated wth
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psychol ogi cal processes such as attention and enotion [CGRIN

78] . The skin's resistance, the nost commonly neasured
response, is wusually expressed as its reciprocal, skin
conduct ance. Skin conductance is neasured by applying a

very small voltage across two electrodes placed on the
skin, usually the palmor fingers [CRIN 78]. The activity
of the sweat glands is directly responsible for changes in
skin conduct ance. During enotional states, the skin
beconmes a  better conduct or of electricity. Skin
conductance response nay indicate the anmount of affective
arousal elicited by a situation or stimlus [BACK 00].
However, electrodermal activity can be influenced by both
internal and external factors that nay cause variation in
t he neasured response. Studies show that EDA is affected
by and dependent on anbient tenperature [BOUC 92]. Thi s
dependency requires room tenperature to be held as close to
constant as possible and recorded along wth other
experi nental data.

Internal influences of EDA are denographic in nature.
Differences in age groups have been shown to exist but only
between the third and fourth decades of |ife [BOUC 92]. As
a body ages, the skin wundergoes changes which comonly
brings a decrease in EDA. A difference between genders has
al so been showmn. Female partici pants tend to show a hi gher
tonic EDA, while nmen show nore activity under conditions of
stimul ation. This can be attributed to wonmen having nore
sweat glands but nmen showing a greater gland flow [BOUC
92]. Ethnic differences also appear in EDA. This can be a
result of the decreasing nunber of active sweat glands with

increasing darkness of skin. Al'l  of these possible
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differences need to be taken into account when neasuring
EDA.

Al'l  observable outward behavior is a result of
muscul ar activity, which is nmeasured as nuscul ar potential,
the fifth primary bodily response. Miscles are arranged in
pairs of antagonists, flexors, and extensors [GROS 67].
Miuscles are at the lowest Ilevel of tension when in a
relaxed state (i.e. sleep) and increase as the body

prepares for action. This tension is a frequent correlate

of emotion [GRIN 78]. Measurenent of nuscular potenti al
can be generally acconplished two ways, internally or
externally. Internally requires the insertion of a needle

into the nuscle to record the electrical signal of the
muscle and is comonly called an electronyogram (EMS.
Externally does not require the piercing of the skin.
| nstead, electrodes are placed on the surface of the skin
over the nuscle of interest. This nmethod is usually called
either a surface EMG or nuscle action potential (MAP).
Unl i ke the other responses discussed so far, nuscle fibers
are innervated by the CNS and not the ANS [GRIN 78].

The last of the primary bodily responses to be
di scussed is the electroencephal ogram (EEG and related
measur es. The EEG neasures electrical potential s
continuously emtted by the brain. El ectrodes placed on
the scal p acconplish neasurenment of the EEG The EEG is
made up of many frequencies. Some of these frequencies
show up nore often than others. These frequencies are
| abel ed delta waves (less than 4Hz), theta waves (4-7Hz),
al pha waves (8-13Hz), and beta waves (greater than 13Hz).
Al pha waves are the nobst conmmon in the normal awake adult
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and are associated with

nost common,

waves are not

nor nal

for

adul ts

rel axati on.

but

Bet a waves,
are associated with excited states.
are the nost

t he next
Thet a

common in

children. Delta waves are only comon in certain stages of
sleep [GRIN 78]. Since the EEG is a neasure of brain
activity, it reflects the activity of the CNS and not the
ANS. A summary of the six primary responses is shown in
table 6.
Table 6. Summary of Six Major Responses (From [GRIN 78]).
Response Primary Unit of SNS PNS Recor di ng
System Organ Measur erment Ef f ect Ef f ect Techni que
Heart rate (HR Hear t Beats per I ncrease | Decrease | El ectrodes
m nute (BPM (pl aced on both
sides of the
heart)
Bl ood pressure (SBP, | Heart MIlineters I ncrease | Decrease | Sphygnomanonet er
DBP, PP) and of nercury (with pressure
bl ood pressure (nm cuff wrapped
vessel s Hg) around the upper
arm
Peri pheral bl ood Bl ood Rel ative Decr ease® | None Phot oel ectric
volume (BV, PV) vessel s change in pl et hysnogr aphy
mllineters
(nm)
El ectrodermal skin Sweat M cr omhos I ncrease | None El ectri cal
conduct ance (SCL, gl ands vol tage (applied
SCR) across
el ectrodes on
t he skin)
Miuscl e potenti al Skeletal | Mcrovolts None None El ectr odes
(EMG NAP) muscl es or (pl aced on the
millivolts ski n above the
nmuscl e)
El ect roencephal ogram | Brain M crovolts None None El ectrodes

(EEG CER CNV)

(pl aced on the
scal p)

aThis table lists only SNS and PNS effects;

determination fromparts of the CNS are al so inportant.

There are five other

to enotions but

are neasured
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respiration, t enper at ur e, sal i vati on, pupi | size and
gastric notility.

Respiration refers to breathing neasures. The nost
conmopn neasures are respiration rate (breaths per mnute),
respiration period (tine between breaths), and respiration
volunme (amount of air inhal ed/ exhal ed). Respiration is
controlled by both the CNS and ANS [GRIN 78] .

Tenperature is the nmeasurenment of the body’s heat and
is of two types, general or local. General tenperature is
a measurenent of the body’'s overall thermal output and is
obtained with either an oral or rectal thernoneter. Local
tenperature is determned by attaching a therm stor or
t hernocouples to a particular body part, usually the hands
or fingers. It is nostly determ ned by the anount of bl ood
in that part of the body and is, therefore, controlled
indirectly by the SNS.

Salivation refers to the amount of and conposition of
secretions. Salivary glands are activated/ deactivated by
the PNS and SNS. Qutput is activated by the PNS and
deactivated by the SNS [GRIN 78].

Pupi| size, another infrequent neasurenent, can range
from1l.5mmto nore than 9nm  The PNS controls constriction
while the SNS controls dilation. The last bodily response
to be discussed is gastric notility. This is wusually
measured by swallowi ng a nonitoring device. The device can
be either a magnet or a transmtter. The stonach and
intestines are controlled by both the PNS and SNS [GRIN
78] .
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b. Physi ol ogi cal Patterns of Enption
Wl liam Janmes’ theory of enotion theorized that a
body’ s physi ol ogi cal responses could be used to recognize
enoti on. Critics of this argue that only certain aspects
of enotion can be determined from physiology, but
researchers have identified physiological signals that
differentiate enotional states [HEAL 00].
There are two basic patterns wused in enotional

classification: arousal-valence and name classification.

The arousal -val ence classification is illustrated in figure
7.
Valence
A& Positive
- » Arousal
Calmi/peaceful Activelexcited
W Hegative

Figure 7. Depiction of the Arousal-Val ence Space.

The arousal axis is characterized by a continuous response
from cal m and peaceful to active and excited. The val ence
axis ranges from negative to positive [VYZA 98]. The two
di mensi ons of arousal and val ence account for nost of the
vari ance in the nmeasurenent of enotions [DETE 98].

Nanme classification is sonewhat nore conplex. Li ke

nmost other situations where the true definition of a
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concept is nebulous, enotion theorists have proposed sets
of basic enotions as illustrated in table 7. As the table
shows, one theorist’s idea of the basic empbtions is not
necessarily another’s. However, the table also shows that
some enotions are nenbers of nore than one set [ORTO 88].

A difficulty of wusing nanme classification is the l|ack of
clarity between the enotion categories. There is no way to
determine the simlarity or difference of enotions. Thi s
problem also makes it difficult to differentiate between
exanpl es of the same enotion [ HEAL 00].

Table 7. Summary of Enotion Sets Proposed by different
Theorists (From [ORTO 88]).

Theori st Enot i on Set

Janes Rage, fear, grief, |ove

Ekman Anger, fear, sadness, enjoynent,
di sgust, (surprise)

Cl ynes Anger, hate, grief, joy, love, romantic
| ove, reverence, no enotion

Panskepp Rage, fear, panic, expectancy

Pl ut chi k Anger, fear, anticipation, sadness, joy,
accept ance, disgust, surprise

| zard Anger, fear, distress, joy, surprise,
I nterest, disgust, contenpt, guilt,
shane

Frijda Anger, fear, distress, joy, surprise,
aversion, contenpt, pride, shane, desire

The role of physiology in assessing enption has been
hi ghly debat ed. Much research has been done in trying to
find physiological correlates which can be used to detect
enotional state. Wile there is not a direct |ink between
speci fic physiological response and enotional state, there
may be a link between groups of physiol ogical responses and
enoti onal states. Caci oppo and Tassinary proposed a new

nmodel that uses mathematical conbinations of features to
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better distinguish enotional states [CACI 90]. They
theorize that if features are conbined, enotional states
may be nore distinguishable. Figure 8 depicts a
theoretical mapping. It can be seen fromfigure 8 that the
enotional states my be hard to distinguish iif the
physi ol ogi cal signals are considered separately. However,
if the physiological signals are conbined in different
profiles, the enptional states my have a one to one

mappi ng wi th physi ol ogi cal profiles.

PSYCHOLOGICAL 1_11 (I) PHYSIOLOGICAL
DOMAIN DOMAIN
Relaxation SCR
Orientin
5 Decelerating HR
Startle
Defense Accelerating HR

Relaxation No SCR and Decelerating HR

Orientin

1 SCR and Decelerating HR
Startle
Bilisiiss SCR and Accelerating HR
Relaxation Mo SCR and Decelerating HR
Urienting SCR and Decelerating HR
Startle Abrupt accelerating HR
DCefense

Lingering accelerating HR

Fi gure 8. Conbini ng Physiol ogical Signals to Distinguish
Enotional State (From [CACI 90]).

cC. Previ ous Research in the Physi ol ogi ca
Aspects of Enotions
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In the world of psychophysiology, nuch research has
gone into trying to determne a person’s enotional state by
measuring his physiological responses. Wiile a direct
mappi ng between enotion and physiol ogi cal response has not
been found, specific relationships have been found between
the two nost conmmonly cited di nensions of enotion — arousa
and val ence [DETE 98]. For val ence, heart rate and faci al
nmuscl e activity have been found to be good indicators while
the frequency and anplitude of skin conductance response is
a good indicator of arousal [SIMO 99][AX 64].

More recently, research in the area of affective
conputing has taken on the task of wusing the body’s
physi ol ogi cal responses to determ ne the enotional state of
the user. Affective conputing has been defined as
“conmputing that relates to, arises from or deliberately
i nfl uences enotions” [FERN 97]. The primary notivation
behind this line of research is to develop conputer
interfaces that can actually determ ne the user’s enotional

state and respond accordingly.

Initial research into the area of affective conputing
revolved around recognition of enotional state. Two
experinments conducted in enotion recognition centered on
intentionally expressed enotions. The experinments recorded
four physi ol ogi cal signal s (el ectronyogram skin
conductivity, blood volunme pulse, and respiration), which
were |ater processed for enotion recognition. Bot h
resulted in enotion recognition wth greater than chance
probabilities [HEAL 98][ VYZA 98]. Particul arly, anger was

easily differentiated from peaceful enotions and high
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arousal states were distinguishable from|ow arousal states
[ HEAL 98] .

A simlar study attenpted to determ ne when a user was
frustrated, particularly the frustration experienced by a
conput er user, usi ng physi ol ogi cal si gnal s. The
physi ol ogi cal signals neasured were GSR, BVP, and EMG
These three signals have been shown to covary wth
i ncreased frustration and anxiety [RISE 98]. Bl ood Vol une
Pul se has been identified as a neasure of anxiety in
response to a threat [SMT 84]. Physi ol ogi cal signals, as
neasured, were able to differentiate between frustration
states and non-frustration states wusing Hi dden Markov
Model s [ RI SE 98].

Another nore recent application of physiol ogical
nonitoring is the SmartCar experinent by MT. In this
experi nment, f our physi ol ogi cal si gnal s, EKG, EMG
respiration, and GSR, were used to detect driver stress in
real life situations. The signals were chosen due to their
recognition as useful indicators for assessing arousal and
stress. Usi ng conbinations of features from nmnultiple
physi ol ogi cal signals inproved the detection of stress over
single features [ HEAL 00].

4. Li nki ng Qoj ective and Subjective Measures of
Presence
Presence is commonly defined as the subjective sense
of “being there” in a nediated environnent. Due to its
subj ective nature, the nost common nethod of neasuring
presence is through post-test questionnaires. Measuri ng

presence in this mnner makes the neasure dependent on
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menory [DILL 00]. An aspect of presence that is usually
di sregarded in current definitions is the enotional aspect.
Enoti ons are considered essential to how peopl e experience
the world around them [HUAN 99]. In fact, enptions are an
every day part of Ilife. How peopl e experience a virtua

world will also involve sonme aspect of their enptions.

The two nobst commonly cited di nensions of enotion are
arousal and valence. As stated earlier, arousal is usually
considered to range from excited and alert to calm and
peaceful while valence is characterized as pleasant to
unpl easant [DETE 98]. Arousal can be further conceived as
a “drive state or a non-specific energizer of behavior”
[DILL 00]. It is usually linked to the intensity of the
experience and not the quality. Arousal is associated with
physi ol ogi cal activity through the autonom c nervous system
(ANS) [DILL OO][GRIN 78].

For this research, the neasurenents of electrodernal
activity (EDA), heart rate (HR), and skin tenperature wll
be recorded. Electrodernmal activity has been shown to have
a specific link to arousal and HR is linked to hedonic
val ence [DETE 98]. As the intensity of the stinmulus
i ncreases, so does the body s EDA El ectrodermal activity
has also been shown to occur on the presentation of
unexpected stimuli, which is comonly referred to as the
orienting response. Meehan found that EDA has a high
correlation wth subjective presence ratings [MEH 00].
Heart rate, on the other hand, is affected by the intensity
of the enotional stinulus. Positive enotions involve
greater heart activity than negative enotions [DI LL 00].

Heart rate is also responsive to unexpected stinuli. Heart
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rate decelerations are associated wth the orienting
response while accelerations are associated wth defensive
responses [GRAH 92]. Skin tenperature is indicative of the
anount of blood in the area. This is directly controlled
by the vasoconstriction or vasodilation of the blood
vessels, which is controlled indirectly by the synpathetic
division of the autonom c nervous system (ANS) [GRIN 78].

Skin tenperature has been shown to fall during enotional
reactions [GROS 67] and is believed to be a valid neasure
for fear response [ MEEH 00].

The subjective sensation of “being there” in a
medi ated environnment is the basis for the definition of
pr esence. But what does it nean to “be there”? Bei ng
physically present in an environment is not sufficient.
How many tinmes have you sat in a classroom but did not hear
a word the instructor said? O have you ever driven your
car down a specific section of road that you are intimately
famliar with only to realize once you reach your
destination that you cannot renenber how you got there?
Wat is lacking is the psychol ogical state of the
parti ci pant. A person’s psychological state is partly
made up of his enotional state and the perception of his

body’ s responses. Therefore, by nmeasuring the body’'s
physi ol ogi cal responses when exposed to a virtual
environnment, the user’s enotional state is indirectly

nmeasur ed. Thi s neasurenent of enotional state mght yield

a valid objective neasure of presence.

44



1. METHCD

A. EXPERI MENT DESI GN

This thesis will assess the inpact of sound delivery
met hod on a user’s sense of presence. To do this, each
participant will be placed in a VE and perform various
tasks associated with the VE. Sound delivery will be the
i ndependent vari able of this study. Physi ol ogi cal
responses will be the primary dependent neasures coll ected.
These responses provide a good indication of t he

participant’s enotional state during exposure to stinmuli
(see ch. 1l, sec. 3). The next step is to nmake the | ogica

link between enotional state and presence in a virtual
environnment (see ch. |1, sec. 4). An additional effort
w | be made to i nvestigate correlation bet ween
physi ol ogi cal responses and subj ecti ve guestionnaire
scores. This could establish a potential |ink between
obj ective and subjective neasures of presence. Figure 9

outlines this process.
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Figure 9. Experinent Design Logic.

B. VI RTUAL ENVI RONVENT SELECTI ON

The virtual environment required for this research had
to meet two nmain criteria: excellent graphics and state of
the art sound quality. Several first person shooter style
ganes were evaluated but Medal of Honor: Al lied Assault™
by EA Ganmes™ (MOHAA) was the one sel ected. Medal of Honor:
Al lied Assault ™Mby EA Games™was preferred primarily due to
its superb graphics and inpressive sound quality. The gane
is based on the European canpaigns of World War 1. \VWile
the scenarios have a historical perspective, it is nuch
closer to reality than any of the other first person
shooter ganes eval uated. Anot her selling point for this
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game engine was its uniqueness. There was little concern
about negative effects on presence due to previous exposure
to the environment since MOHAA had recently been rel eased
(January 2002).

The MOHAA scenari o chosen was the Omha Beach Landing
of the Nornmandy I nvasion. This scenario provided a highly
stinmulating environnent nentally, visually, and aurally.
The participants started ganme play with full health at the
shingle (see figures 10 and 11). The objective of the
scenario was to clear out the bunkers defending the beach
(see Appendix OC). The reason for choosing the shingle
starting point was the actual Ilanding on the beach,
al though intense, appeared to be too difficult. The
concern was that this difficulty would induce frustration
in the novice player, thereby introducing inadvertent
changes in physiol ogical responses. Frustration would have
an inpact on the user’s physiological responses and could
obscure the physiol ogi cal changes due to presence.
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Figure 10. Overview Map of QOmaha Beach (From MOHAA).

Figure 11. Pl ayers View of Starting Point (From
Www. gamespot . con).
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C. EXPERI MENTAL DESI GN

The experinent was a between participant design wth
the sound delivery method being the independent variable
There were four delivery nmethods: No sound, Speakers,
Headphones, and Headphones w th subwoofer. Al  sound
treatments had to be delivered at the sane intensity at the
ear of the |istener. In order to do this, appropriate
sound settings by treatnment had to be determ ned. This was
acconplished using a CEL Instrunents Digital Sound Survey
Meter (see Appendix F for specifications). The intensity
was set at approximately 90 dB for each treatnent. The
bass was also adjusted to ensure that both subwoofer
treatnments received the sanme intensity. To acconplish
this, the bass volume was neasured for the speaker
treatnment and then the appropriate bass |evel was matched
for the headphones with subwoofer treatnment. The intensity

settings by treatnent are |ocated in Appendi x B.

A between participant design was chosen to mnimze
the effect of repeated exposure to the environnent. Meehan
showed that repeated exposure to a virtual environnent

decreases the user’s sense of presence [ MEEH 00].

The dependent neasures in this experinment were the
participant’s physiological responses and their responses
to subjective questionnaires. Three questionnaires were
used in t he experi nment, an i mrersive t endenci es
guestionnaire and two presence questionnaires (see Appendi X
E)

| mersive Tendencies Questionnaire: The i mrersive
tendencies questionnaire (ITQ consists  of ei ght een

guestions designed to identify real-wrld behaviors and
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tendencies that may predict an individual’s potential to
experience presence. The questions are rated on a seven
point Likert-scale ranging from one to seven. An
individual’s ITQ score is the sum of these values [SING
96]. An individual with a higher 1TQ score is expected to
al so score high on the presence questionnaires. The 1TQ
has been used by other researchers in the study of presence
[ DARK 99] [ LAWS 98].

Presence Questionnaires: After exposure to the
environnment, the participants answered a conbination of two
guestionnaires dealing with their sense of presence wthin
the environnent. The questions on the post questionnaire
cane from Wtner and Singer’s Presence Questionnaire
(PQ[SING 96] and Slater’s six questions on presence [ SLAT
95] . Both of these questionnaires were rated on a seven-
point Likert-scale simlar to the ITQ Wtner and Singer’s
guestionnaire consisted of twenty-four questions wth
presence scores being determ ned by summng up the ratings
of these twenty-four questions. Slater’s questionnaire
consisted of six questions wth the presence score
resulting from sumring up the nunmber of high answers (6's
or 7's). These two questionnaires were used in an effort
to investigate the correlation between the questionnaires
since the authors have a difference of opinion on the

definition of presence.

The physiol ogi cal responses neasured were heart rate,
el ectrodermal activity (EDA) and tenperature. These were
chosen as outlined in the background section. EDA is an

i ndicator of arousal, heart rate follow hedonic val ence,
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and tenperature has been shown to be an indicator of fear

response.

D. EQUI PMENT

Three conputers were used in the experiment: two Del|l ™
D nension 8100s and one Alienware™ conputer (see Appendi X
F). One Dell contained the questionnaires while the other
was used to record the participant’s physiol ogical
responses. The environment was run on the Alienware™
conmputer using a Creative Labs Audigy Sound Card and
presenting graphics on an NVID A Gefore3 graphics card.

The questionnaire conputer mnade use of a program
call ed MediaLab™ by Enpirisoft™ MediaLab™all ows for easy
generation and recording of questionnaire data. Once the
participant answered the conputer-based questionnaire
their answers were recorded and saved in a spreadsheet

format for |ater analysis.

Physi ol ogi cal responses were nonitored and recorded
usi ng Thought Technol ogy’s™ Bi oG aph™ 2.1 software and
ProConp+™ distribution block (see Appendix F). ProConp+™
al lows sinultaneous recording of up to eight different
physi ol ogi cal signals. BioGaph™ 2.1 also includes a
sinple statistical package that allows for easy cal cul ation

of the nean and variance for each recorded signal.

The headphone used was a Sennhei ser ™ nodel HD570 with
an open design (see Appendix F). The sane headphone was
used for both the headphones and headphones w th subwoofer
treatnents. The surround sound speaker configuration
consisted of five Genelec™ 1031A active speakers with a

si ngl e Genel ec™ 1094A active 400 watt subwoofer system (see
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Appendi x F). The 1094A subwoofer was also used in
conjunction with the headphones for the headphones wth

subwoof er treatnent.

E. PARTI Cl PANTS

A total of eighty (80) participants were used in the
study with a breakdown of seventy-six (76) males and four
(4) females. The age breakdown of the participants is
illustrated in figure 12. Al participants were affiliated
with the Naval Postgraduate School either as students,
instructors, or enployees. Prior experience wth VEs
varied anong all subjects as well as first person shooter
gam ng experience. Gam ng experience breakdown, as
reported by the participant, is showmn in figure 13.

Partici pants were assigned to treatnent groups at random

No Sound Speakers

10
10

# of Participants
# of Participants

<25 26-30 31-35 36-40 >40 <25 26-30 31-35 36-40 >40
Age Group Age Group

Headphones Headphones w/ Bass

10
10

# of Participants
# of Participants

<25 26-30 31-35 36-40 >40 <25 26-30 31-35 36-40 >40

Age Group Age Group

Figure 12. Age Breakdown by Conditi on.
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Figure 13. Gani ng Experience by Condition.

F. PROCEDURES

Step One: Upon entering the lab, the participant was
handed consent forns and asked to read and sign all three
forms (Appendix D). The researchers then directed the
participant into the Miltinedia Lab and assigned the

participant an identification nunber and treatnent.

Step Two: Once seated in the Miltinmedia Lab, the
participant was directed to follow the commands given by
the “drill instructor” and conplete the Basic Training
scenario in Medal of Honor: Allied Assault™ This step
allowed the participant to becone famliar with the keys

used to nmaneuver within the virtual environnent.
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Step Three: Upon conpletion of basic training, the
participant was then directed to the questionnaire conputer
and asked to conplete the pre-questionnaire (Il mrersive

Tendenci es Questionnaire).

Step Four: Wiile the participant was answering the
| TQ the researchers set up the virtual environment in
accordance with the participant’s assigned treatnent (see
step VI, Appendix B)

Step Five: After conpleting the ITQ the participant
was then directed back into the Miltinedia Lab.
Physi ol ogi cal sensors were attached to the participant in
accordance with step VI of Appendix B. Once all sensors
were attached, the participant was handed the Intel Brief
(Appendix C) and asked to sit still and quiet while his
t wo- mi nute baseline physiol ogical responses were recorded.
These recordings were saved under the filename of

subxxbase, where xx is the participant’s |ID nunber.

Step Six: Wen the participant indicated he was ready
to continue, the video canera and physiological recording
were started. The participant was then told to start the
m ssion. After ten-mnutes of physiological responses were
recorded, the participant was told to stop. The
physi ol ogi cal sensors were renpbved and the participant was
directed back to the questionnaire conputer to conplete the

post -test questionnaire.
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V. ANALYSI S AND DI SCUSS| ON

A | NTRODUCTI ON

The analysis was done in tw parts. First, the
physi ol ogi cal responses were analyzed to determne the
effect of sound delivery on the user’s sense of presence.
Next, the physiological responses were conpared to the

questionnaire data to investigate correl ation.

For the follow ng analyses, an a level of 0.10 was

chosen. This less conservative |evel of significance was
selected due to the wvariability 1in the individual
di fferences of t he participants, bot h in their

physi ol ogi cal and subj ective responses.

B. PRI MARY RESULTS
1. Primary Hypot hesi s

The nmethod of sound delivery wused in a virtual
environnment will have no significant effect on the user’s

sense of presence.

Baseline vs. Baseline: The first step in the analysis
of the physiological responses was to determne if any
physi ol ogi cal difference existed between the participants
for each condition. Conpari son of the baseline readings
(heart rate, electrodermal activity, and tenperature) by
condition revealed no significant difference (see table 8).
This was desired since any difference in baseline readings

bet ween conditi ons woul d obscure any further results.
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Tabl e 8. ANOVA of Baseline Physiol ogi cal Response by

Condi ti on.
Physi ol ogi cal Response df F-statistic P
El ectrodernal Activity (3, 76) 0.768 0. 515
Heart rate (3, 76) 1.662 0.182
Tenper at ure (3, 76) 0. 989 0. 403

Baseline vs. Condition: The next step was to conpare
the physi ol ogi cal responses by condition to their
respective baseline readings. The results were m xed (see
table 9).

EDA Results: Visual stinuli alone had no significant
effect on EDA (no sound condition), but the addition of
sound (speakers, headphones, and headphones wi th subwoofer)
to the virtual environnent created a significant change in
EDA. El ectrodermal activity is an indicator of arousal
[ DETE 98] . Thus, audi o increases arousal and according to
our operational definition of presence, leads to a change

in a user’s sense of presence.

Heart Rate Results: Heart rate was not significantly

affected by any of the conditions.

Tenperature Results: The only sound condition to show
a significant effect on tenperature was the speaker
condi tion. Tenperature has been shown to fall during
enotional reactions [GROS 67] and is considered a valid

nmeasure of fear response [ MEEH 00].

In summary, conparing the average baseline responses
to the average responses during gane play shows that sound
affects the user’s enotional state. $Pecifically, EDA is
affected by the inclusion of sound to the environnment
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regardless of the delivery nethod. Tenperature is

significantly affected by the speaker condition only.

Tabl e 9. Conparison of Baseline and Condition
Physi ol ogi cal Responses.

Condi ti on EDA vs Basel i ne EDA df F-statistic p
No sound (1, 38) 1.747 0.194
Speakers (1, 38) 2.953 0. 094
Headphones (1, 38) 4.990 0.031
Headphones w subwoof er (1, 38) 3.821 0. 058
Condition Heart Rate vs Baseline df F-statistic p

Heart Rate

No sound (1, 38) 0.729 0.398
Speaker s (1, 38) 1.770 0.191
Headphones (1, 38) 0. 865 0. 358
Headphones w subwoof er (1, 38) 1.601 0.214
Condition Tenp. vs Baseline Tenp. df F-statistic p

No sound (1, 38) 0. 062 0. 805
Speakers (1, 38) 3.672 0. 063
Headphones (1, 38) 0. 530 0.471
Headphones w subwoof er (1, 38) 1.217 0. 277

Condition vs. Condition: The next analysis conpared

the changes in the physiological responses between the

different conditions.

EDA Results: No significant difference between

condi ti ons.

Heart Rate Results: No significant difference between

condi ti ons.

Tenperature Results: Tenperature was the only
response to show a significant difference between
condi tions. This significance is shown between no sound
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and any sound condition and between speakers and both
headphone conditi ons. No significance was shown between
headphones and headphones wi th subwoofer (see tables 10 and
11). A look at the average change in tenperature by
condition revealed speakers had the greatest effect on
tenperature wth an average decline of 3.36 degrees
Fahrenheit (see table 12). Agai n, tenperature drops have
been linked to changes in enotional state. This al so

coincides with the findings tabulated in table 9.

A simlar analysis wth the exclusion of suspected
contami nators (pilot study participants, previous Medal of
Honor players, and any identified outliers) also resulted

inonly a significant effect in tenperature.

Tabl e 10. Conparison of Change in Physiol ogi cal Responses

by Conditi on.
Change i n Physi ol ogi cal Response by Condition df F statistic p
El ectrodernal Activity (EDA) (3, 76) 0. 755 0.523
Heart Rate (HR) (3, 76) 0. 306 0.821
Tenperat ure (3, 76) 7.756 0. 0001

Table 11. Conparison of Change in Tenperature.

Condi tion versus Condition df t Critical p
(two-tail ed)

No sound vs Speakers 19 1.729 0. 00001
No sound vs Headphones 19 1.729 0. 060
No sound vs Headphones w subwoof er 19 1.729 0. 014
Speakers vs Headphones 19 1.729 0. 003
Speakers vs Headphones w subwoof er 19 1.729 0. 056
Headphones vs Headphones w subwoof er 19 1.729 0.221
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Tabl e 12. Average Change in Tenperature by Condition.

No sound Speaker s Headphones Headphones w/
Subwoof er
-0.60 -3.36 -1.70 -2.35

2. Secondary Hypot hesi s

Physi ol ogi cal responses of heart rate, electrodernal
activity, and tenperature can be used as objective neasures

of presence.

Al t hough the physiological results nmet our criteria
for nmeasuring presence using our operational definition of
presence, we wanted to determine if these physiological
nmeasures correlated with questionnaires commonly used to
measure presence. The analytical tool chosen for this
procedure was the Spearman Rank Correlation due to its
applicability for non-linear relationships [ MEEH 00].

Questionnaire Anal ysis: The first step in the
guestionnaire analysis was to look at the relationship
bet ween t he scores on t he | mrer sive Tendenci es
Questionnaire (1ITQ and the Presence Questionnaire (PQ.
The next step was to break apart the post questionnaire
into the Wtnmer and Singer PQ and the Slater questions (SQ
and analyze this data to see if a correlation between

guesti onnaires exists.

A Spearman rank correlation of the ITQ score and PQ
score reveals rs = 0.46, p = 0.0. The results indicate a
high overall correlation between the two questionnaires
exi st s. This is not surprising since the purpose of the
I TQ is to neasure a person’s tendency to becone i mrersed.
It follows that those who score high on the ITQ should

correspondingly score high on the PQ (see figure 14). The
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no sound condition was the on

participants’ PQ scores were |ower

ly one in which sone
than their 1TQ scores.

This result was expected since three of the PQ questions

deal specifically with audio, where the no sound condition
scores woul d obvi ously be | ower.
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Figure 14. Plot of 1TQ and PQ Scores by Condition

Further analysis of the questionnaire data was used to

determ ne what affect the sound delivery nmethod had on a
user’s sense of presence while in the virtual environnent.
Figure 15 shows the average ITQ and PQ scores by sound
delivery nmethod. As can be see

n from figure 15, a

di fference exists between the no sound condition and any of

the sound conditions. O interest

of

here is the simlarity

t he speaker and headphone conditi on. This inplies that
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there is marginal difference, if any, between the 5.1
surround sound speakers and the headphones. Al so of
interest is the drop in the PQ average score for the
headphones wth subwoofer condition. This may be
attributed to the lower ITQ average, which inplies that the
participants in the headphones wth subwoofer condition
were less likely to become imrersed in the environnent.
Anal ysis of variance testing of the total PQ score against
the type of sound delivery nethod resulted in F(3,76) =
5.918, p = 0.001. Therefore, sound plays an inportant role
in aiding the user in developing a sense of presence in a

virtual environnent.

O/TQ Average
PQ Average
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60 T—

40 T

Questionnaire Score

No Sound Speakers Headphones Headphones w/
Bass

Condition

Figure 15. Average |ITQ and PQ Scores by Condition

Since a significant difference was identified between
sound treatnents, additional analysis was required to
determ ne where that difference occurred. To identify the
reason for the difference, paired-wise t-tests between
treatnments were utilized and results are shown in table 13.

This shows that while sound nmakes a difference on a user’s
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sense of presence, the nethod of delivery does not.
Renovi ng the sound questions results in only a significant

difference in the no sound versus headphones conpari son.

Tabl e 13. Conparison of PQ Scores between Conditions.

Condi ti on df t Critical p p (wo sound
quest i ons)

No sound vs Speakers 19 1.729 0. 005 0.170
No sound vs Headphones 19 1.729 0. 0006 0. 072
No sound vs Headphones w subwoof er 19 1.729 0. 015 0. 323
Speakers vs Headphones 19 1.729 0. 706 0.771
Speakers vs Headphones w subwoof er 19 1.729 0. 655 0. 676
Headphones vs Headphones w subwoof er 19 1.729 0.474 0. 561

To further illustrate the effect of sound on presence

according to the questionnaires, figure 16 shows the
rel ationship of average |ITQ and PQ scores to the score of
the PQ wi thout the sound related questions. Anal ysi s of
the PQ and PQ wi thout sound questions scores results in no
significant difference. One mght ask why the no sound

condition score dropped when the sound questions were

renoved from the total. As stated earlier, the questions
are rated on a one to seven scale. This neans that the
| onest possible answer still contributes a value of one to

the total score. Zeroing the scoring on the questionnaire
only scales down the graphs, but the overall trends remain
t he sane. Al so, sone of the participants in the no sound
condition rated the audi o questions higher than the | owest
possi bl e score. Initially, these answers were thought to
be erroneous. Further investigation revealed that sone of
the no sound condition participants were unaware they had
the no sound condition. This is just one exanple of the

i nherent problens with subjective questionnaires.
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Figure 16. Average Scores of ITQ PQ and PQ w o Sound
Questi ons.

The next step in the questionnaire analysis was the
conpari son of the PQ scores to the Slater question scores.
A visual exam nation of the graph of average answer val ues
appears to show very little difference (see figure 17), but
a statistical analysis shows a significant difference
(F(1,75) = 179.118, p = 0.000). In spite of this
difference, the two questionnaires are highly correlated (rs
= 0.680, p = 0.000). Further analysis shows no
signi ficance when conparing the Slater average answer val ue
bet ween conditions (F(3,76), p = 0.151).

This indicates that the PQ may have been the better
subj ective measure of presence for this particular
environment. The PQ consisted of twenty-four questions
ranging fromthe participant’s sense of presence within the
environment to immersive aspects of the environnent (video

quality, interface design issues, audio aspects, etc.).
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Slater’s six questions deal entirely with the participant’s

cognitive recollections of the virtual environnent.

B pPQ Answer Avg
Slater Answer Avg

Answer Average

0 T T T
No Sound Speakers Headphones Headphones w/ Bass

Condition

Figure 17. Average PQ and SQ Answer Val ues.

Conparing Physiol ogical Responses to Questionnaires:
The first step in this analysis consisted of perform ng
ANOVAs to determne if any significant difference existed
bet ween t he physiol ogi cal responses and the PQ scores. The
results of the conparison are shown in table 14. The
results show a significant difference between the PQ score
and changes in physiol ogical responses in the conditions of
no sound and headphones only, wth or wthout outliers.
El ectrodernmal activity (EDA) and heart rate (HR) were the

only responses to show this effect.
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Tabl e 14. PQ Score vs Physi ol ogi cal Response by Condition

||Oondi tion Change in EDA df F statistic p

||No sound (1, 16) 5. 283 0.035
No sound w o outlier(s) (1, 15) 7.291 0.016
Speaker s (1, 16) 0. 400 0. 536
Headphones (1, 16) 7. 035 0.017
"Headphones w o outlier(s) (1, 15) 0. 499 0.491
"Headphones w  Subwoof er (1, 16) 0. 222 0. 644
||Condi tion Change in HR df F statistic p

||No sound (1, 16) 0. 598 0. 451
No sound w o outlier(s) (1, 15 9. 259 0. 008
Speaker s (1, 16) 1. 965 0.180
Headphones (1, 16) 4.019 0. 062
"Headphones w o outlier(s) (1, 15) 5.142 0. 039
||Headphones w  Subwoof er (1, 16) 0. 299 0. 592
||Oondi tion Change in TEMP df F statistic p

"l\b sound (1, 16) 1.125 0. 305
No sound w o outlier(s) (1, 15) 1.574 0. 229
Speaker s (1, 16) 0. 154 0. 700
Headphones (1, 16) 0. 502 0. 489
||Headphones w o outlier(s) (1, 15) 0.223 0. 642
"Headphones w  Subwoof er (1, 16) 0. 009 0. 925

Additional tests were conducted to identify other
factors correlated to the PQ scores. Factors eval uated
wer e conputer gam ng experience, caffeine, age, gender, and
sl eep. Gam ng and caffeine were the only two factors to
show significant correlation (rs = 0.528, p = 0.0 and rs =
0.187, p = 0.096, respectively). Based on these results,
a multi-conparison ANOVA conparing PQ scores with condition
and all two and three-way interactions of changes in EDA
HR, and tenperature, gamng, and caffeine was conducted.
The results are shown in table 15 and figure 18. Again, it
showed any sound condition had an effect on the
participants PQ score but delivery nmethod showed no
signi ficance.
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Table 15. Ml ti-conpari son ANOVA Resul ts.

Condi ti ons Esti mate Std. Error Lower Bound | Upper Bound
No sound — Speakers - 20. 60 6. 86 -36.6 -4.58

No sound — Headphones -22.30 5.93 -36.2 -8.51

No sound — Headphones w Subwoof er -28.90 6. 11 -43.1 -14.60
Speakers — Headphones -1.75 6. 82 -17.7 14. 20
Speakers — Headphones w Subwoof er -8.28 7.04 -24.7 8.15
Headphones — Headphones w Subwoof er -6.52 6. 31 -21.3 8.21

No Sound-Speakers
No Sound-Headphones
No Sound-Headphones w/Bass
Speakers-Headphones
Speakers-Headphones w/Bass € ¢
Headphones-Headphones w/Bass
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Figure 18. G aph of Milti-conparison ANOVA Resul ts.

A simlar analysis of the relationship between
physi ol ogi cal responses and the Slater presence questions
revealed no significant difference on any response or
condi ti on. Again, this could be attributable to the

cognitive basis of the questions.

The last step in the analysis was to determne if any
correlation existed between the neasured physiol ogical
responses and the presence questionnaire scores. Agai n,

the Spearman Rank Correlation was the analytical tool of

choice. A correlation exists between EDA and PQ score (rs
0.349, p = 0.002) and HR and PQ score (rs = 0.247, p
0.028), but not tenperature and PQ score. Simlar

correlation tests on physiological responses and the Slater
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presence questions (SQ score resulted in a correlation
between EDA and SQ score (rs = 0.230, p = 0.041). Thi s
again indicates that the PQ my have been the better
subj ective neasure of presence for this particular

envi ronnent .

C. SUMVARY

The analysis of the effect of sound delivery nethod
i ndicates that sound had a significant effect on the user’s
sense of presence in this virtual environnent. Vi sual
stimuli alone had no significant effect on EDA (no sound
condi tion), but t he addi tion of sound (speakers,
headphones, and headphones w th subwoofer) in the virtual
environment created a significant effect on this response.
El ectrodermal activity is an indication of arousal, which
is considered a primary dinension of enotion [DETE 98].
The speaker delivery nethod was shown to have a significant
effect on tenperature. Tenperature has been shown to fal
during enotional reactions [GROS 67] and is considered a

val id neasure of fear response [ MEEH 00].

The wuse of physiological responses as an objective
measure of presence appears to be feasible. Wi | e
tenperature was the only response to be affected by the
sound delivery nmethod, electrodermal activity and heart
rate indicate a significant correlation to the subjective
PQ scores. El ect r oder nal activity was the only
physi ol ogi cal response to correlate wth the Slater

guesti ons score.

Presence questionnaire results show a significant
di fference between no sound and any sound condition. This
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i ndi cates that headphones elicit an equival ent subjective
| evel of presence as the high-end surround sound speakers.

The addition of a subwoofer to the headphones had no

significant effect.

Al though both the Wtner and  Singer Presence
Questionnaire and Slater’s six presence questions have been
used as subjective neans for gauging a user’'s sense of
presence, these two questionnaires do not neasure the sane
aspects of presence. The PQ enconpasses nore attributes of
the virtual environnment, including sound (the independent
variable of this experinment), while Slater’s questions
concentrate primarily on the cognitive aspects of the
envi ronment . Due to these facts, the PQ is a nore
appropriate subj ective measur e for this vi rtual

envi ronnent .
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V.  CONCLUSI ONS AND RECOMVENDATI ONS

A. SUMVARY

The purpose of this study was two-fold. First, the
effect of sound delivery nethod on a wuser’s sense of
presence in a virtual environment was determ ned based on
the participants’ physiological responses. Second, the
physi ol ogi cal responses wer e conpar ed to presence

guestionnaire scores to determne if a correlation exists.

The analysis of the effect of sound delivery nethod
i ndicates that sound had a significant effect on the user’s
sense of presence in this virtual environnent. Vi sual
stimuli alone had no significant effect on EDA (no sound
condi tion), but t he addi tion of sound (speakers,
headphones, and headphones with subwoofer) in the virtua
environnment created a significant effect on this response.
El ect r oder mal activity, especially the frequency and
anplitude, is a known indication of arousal [SIMO 99][AX
64] . Arousal is considered to be one of the two nost
commonly cited dinmensions of enotion [DETE 98]. Thus, the
addition of sound to a virtual environment affects the

| evel of presence by inducing arousal in the user.

Tenperature was shown to decrease in the speaker

condition nore than in either of the headphone conditions.

Tenperature has been shown to fall during enotiona
reactions [GROS 67]. It is also considered a valid neasure
of fear response [MEEH 00]. Headphones w th subwoofer,

al though not reaching significance, had the second | argest

drop in tenperature. This is a potential indication that

t he subwoofer played a part in eliciting fear in the user
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This occurs as the body wthdraws blood from the
extremties and sends nore to the vital organs as needed
for “fight or flight”. The advantage the surround sound
speakers had over any headphone condi tion was
spatial i zati on. This added ability to localize sound may

have i nduced a nore pronounced fear response.

The physiol ogical responses of electrodermal activity
EDA and HR showed significant correlation to the presence
guestionnaire scores, but tenperature did not. Thi s
follows the results found in a previous study by Meehan
[ MEEH 00] . The use of the physiol ogical responses of EDA
and HR as an objective nmeasure of presence appears valid.
However, the questionnaires used do not explicitly neasure
any kind of enotional response. Wtner and Singer’s
Presence Questionnaire, although they consider imersion a
psychol ogical state that is a prerequisite for presence
[WTM 98], neasures how involving the VE was or how natura
the interaction was but not how it nade the user feel
enotional | y. Slater’s questions, on the other hand, only
deal with the cognitive aspects of the environnent such as
how the wuser renenbered the experience. In order to
concretely 1link physiological responses to presence, a
guestionnaire that asks how the environnent made the user
“feel” (i.e. afraid, excited, anxious, etc.) nmay be

required.

The results of the subjective questionnaires indicate
that sound plays an inportant part in eliciting presence in
the user. However, the nethod of delivery of the sound has
no significant effect. These findings indicate that the

use of headphones have the sane effect on presence as a 5.1
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surround sound speaker system  The use of headphones in a
virtual environnment decreases the system cost and required
area for setting wup the environnment, tw extrenely

i nportant considerations for the mlitary.

However , subjective questionnaires have inherent
probl ens. In this study, sonme of the no sound condition
participants rated the sound related questions above the
m ni mum val ues. Upon detection of the higher values,
investigation revealed that sonme  of the no sound
participants did not realize they had no sound during gane
pl ay. Such obviously erroneous readings can skew the dat a.
Fortunately in this study, renoving these participants’
results from the database did not dramatically change the

fi ndi ngs.

The results of this study denonstrated the inherent
problems with questionnaires. Automatic reactions such as
physi ol ogi cal responses bypass these problenms and provide a
nore reliable neasure of presence. Due to these facts, it
is our conclusion that physiological responses are a nore
effective neasure of presence. The lack of conplete
correlation of physi ol ogi cal responses to subjective
guestionnaires only indicated that the questionnaires did
not contain the appropriate questions to fully neasure the

sense of presence.

B. RECOMVENDATI ONS

The scenario selected in Medal of Honor: Alied
Assault™ was not conducive to localizing sound. It
contained many explosions that surrounded the player.
Therefore, the necessity to l|ocalize sounds was not a
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requirenent for this particular ganme scenario. A nore
fitting scenario to determne the differences between
headphones and surround sound speakers would be one that
required the user to determne the direction of sound(s) in
order to successfully conplete the m ssion.

The baseline physiological readings were taken upon
arrival in the lab after the participant conpleted the
training scenario and the pre-questionnaire. This may have
not allowed enough tinme for the participant’s signals to
return to a rest state after walking to the lab (sone had
to walk further than others). A fifteen-mnute rest tine
before taking baseline readings (after conpleting both the
training scenario and pre-questionnaire) mght have lead to
nmore accurate representations of baseline readings. Al so
the participants read the Intelligence Brief while their
basel i ne readings were being recorded. A better way nmay
have been to “isolate” them while taking baseline readings.
Having the participant sit in a relatively dark and silent

room may have been nore appropriate.

During gane play, nost of the participants would ask
t he observer questions about the scenario. This inevitably
detracted from their sense of presence in the environnent.
Notifying the participants that no questions would be
answered after ganme play comenced would have m nim zed

this possible distraction.

The experiment conducted was a between-subjects design
in order to mnimze any adverse effect due to previous
exposure to the environnent. One of the deciding factors
in using Medal of Honor: Allied Assault ™as the environnment

was its uniqueness. Having recently been released, the
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threat of previous exposure was expected to be mninal.
However, there were four participants who had played the
gane before the experinent. Renoving their data from the
analysis resulted in no significant change in the outcones.
This indicates that previous exposure, although shown to
have an effect on presence in previous research [ MEEH 00],
had mnimal effect in this experinent. A w thin-subjects
design may result in nore pronounced effects due to |ess

variability caused by individual differences.

Al participants were subjected to surround sound
speaker sound while conducting the training scenario,
al though at a nmuch |l ower |evel than gane play. Wile this
was probably not a problem for those that received a sound
condition, the no sound participants nmy have been
i nadvertently biased due to a preconceived expectation of
sound. This bias may have influenced their responses on
t he subjective questionnaires. Having all participants
conplete the training scenario with only verbal cues from
the experinenters may have been a better nethod, thereby

el i m nating any unwanted i nfluence.

C. FUTURE WORK

Al t hough this experinment shows that the physiol ogica
responses of EDA and HR correlate with an individual’s
subj ective sense of presence while in a wvirtual
environnment, further work is required to corroborate these
findings. Sonme future work that may be done to corroborate
this data foll ows.

One of the drawbacks of wusing human participants is

the variability between individuals. In order to mnimze
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this variability, large sanple sizes are needed. Rerunning
the experinment, adding the data to the current data, and
then perform ng analysis on the whole data set may provide
stronger evidence either for or against physiologica
responses bei ng used as objective neasures of presence.

Al though the scenario chosen for this experinent

provided captivating sound, it did not provide many
| ocal i zabl e sounds. The majority of the sound canme from
artillery explosions occurring all around the player.

Selecting a scenario that provides sounds that are nore
| ocal i zabl e nmay show a significant difference between sound
del i very nethods. The use of a scenario with |ocalizable
sounds would also permt the use of head related transfer
functions (HRTF). The experinent could incorporate HRTFs
to also determne the affect of sound delivery nethods on

the user’s sense of presence.

Anot her objective nethod of presence neasurenent is
postural response. Video of the participants during gane
play was taken but not analyzed due to tine constraints.
Analysis of the video could be done to conpare postural
responses to both physiological responses and presence
questionnaire totals. Effort would be required to devel op
a netric for determning significant nobvenent since head
tracki ng was not enployed. Further experinentation using a
met hod of tracking postural responses could also be used to

corroborate these findings.

This experinent concentrated on the effect of sound
delivery nmethod on the user’s sense of presence. The
questionnaires used concentrated primarily on other than

the sound aspects of the environnent. Only three of the

74



twenty-four questions dealt directly with sound. Altering
the imrersive qualities of the environnent by other than
sound (i.e. HVD, big screen TV, CAVE, etc.) could greatly
affect the individual’s sense of presence and their
physi ol ogi cal responses. Al though this wll not aid in
determ ning which sound delivery nmethod has the greatest
effect on presence, it my ad in determning the
correlation bet ween physi ol ogi cal responses and an
i ndi vidual’s sense of presence.

Due to t he subj ective nat ure of pr esence,
guestionnaires are the primary neans of mneasurenent. The
guestionnaires used in this experinent are only tw of the
handful currently available. Running the experinment with a
different presence questionnaire may further validate the
use of physiological responses as an objective neasure of
presence. A conparison of the different questionnaires nay
al so contribute to this body of work. Furt hernore, since
physi ol ogi cal responses are correlates of enption, a
questionnaire asking enotion related questions mght be
nor e appropri ate to det erm ne t he i nk bet ween
physi ol ogi cal responses and presence. Devel opnent of such
a questionnaire would nost assuredly be helpful in this
endeavor.
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APPENDI X A. RAW DATA

Condition ID | BLED | BLTEMP| BLHR | CEDA| CTEMP | CHR | DEDA| DTEMP| DHR QEDA | QTEMP [ QHR | Sleep | Caffein | Gaming | Gender
A

No Sound 1] 1.03 72.72 54.47 | 0.97 70.45 59.06 | -0.06 -2.27 4.59 0.94 0.97 1.08 4 1 1 1
No Sound 29| 0.67 90.24 71.78 1.08 89.21 69.14 | 0.41 -1.03 -2.64 1.61 0.99 0.96 3 3 2 1
No Sound 33| 1.66 80.86 67.90 1.76 77.76 71.62 | 0.10 -3.10 3.72 1.06 0.96 1.05 3 3 3 1
No Sound 35| 0.38 88.65 73.18 | 0.30 87.81 76.84 | -0.08 -0.84 3.66 0.79 0.99 1.05 3 1 1 1
No Sound 411 0.70 72.77 69.00 1.57 72.43 73.55 | 0.87 -0.34 4.55 2.24 1.00 1.07 1 5 1 2
No Sound 431 0.78 85.65 72.80 1.06 81.44 7449 | 0.28 -4.21 1.69 1.36 0.95 1.02 4 3 2 1
No Sound 49| 0.46 79.14 60.44 | 0.92 75.99 64.68 | 0.46 -3.15 4.24 2.00 0.96 1.07 4 3 2 1
No Sound 541 0.71 91.03 77.07 1.27 92.50 76.20 | 0.56 1.47 -0.87 1.79 1.02 0.99 4 1 2 1
No Sound 58| 0.18 76.27 4991 | 0.21 74.66 50.58 | 0.03 -161 0.67 1.17 0.98 1.01 4 1 2 1
No Sound 60 | 2.56 89.18 76.70 | 5.70 90.82 7441 | 3.14 1.64 -2.29 2.23 1.02 0.97 4 2 2 1
No Sound 62 | 0.86 76.99 65.61 1.19 74.95 6790 | 0.33 -2.04 2.29 1.38 0.97 1.03 4 4 2 1
No Sound 64 | 2.00 89.68 70.07 | 2.73 92.58 72.16 | 0.73 2.90 2.09 1.37 1.03 1.03 3 1 3 1
No Sound 69| 0.93 87.85 81.87 1.60 89.35 88.06 | 0.67 1.50 6.19 1.72 1.02 1.08 3 4 5 1
No Sound 70| 3.43 88.27 62.95 | 5.36 88.78 63.65 1.93 0.51 0.70 1.56 1.01 1.01 4 4 2 1
No Sound 73] 0.61 90.88 62.04 | 0.57 90.20 63.04 | -0.04 -0.68 1.00 0.93 0.99 1.02 2 4 1 1
No Sound 76| 4.33 90.55 85.54 | 6.81 90.78 83.64 | 2.48 0.23 -1.90 1.57 1.00 0.98 4 2 3 1
No Sound 78| 0.87 73.02 84.86 | 0.95 72.62 11372 | 0.08 -0.40 28.86 1.09 0.99 1.34 3 3 2 1
No Sound 88| 1.15 73.91 7177 1.34 73.06 7247 | 0.19 -0.85 0.70 1.17 0.99 1.01 3 1 3 1
No Sound 93| 0.31 91.91 75.03 | 0.41 92.08 79.56 | 0.10 0.17 4.53 1.32 1.00 1.06 4 5 2 1
No Sound 97 | 1.32 85.87 69.68 1.88 85.90 68.05 | 0.56 0.03 -1.63 1.42 1.00 0.98 4 4 1 1
Speakers 5] 284 76.56 7344 | 3.69 73.82 79.05 | 0.85 -2.74 5.61 1.30 0.96 1.08 3 3 2 1
Speakers 6 | 091 82.10 79.88 1.67 77.93 96.40 | 0.76 -4.17 16.52 1.84 0.95 1.21 4 1 3 1
Speakers 26| 0.90 86.09 70.44 1.34 81.13 72.67 | 0.44 -4.96 2.23 1.49 0.94 1.03 4 1 2 1
Speakers 30| 3.70 85.37 75.87 | 6.02 82.55 80.62 | 2.32 -2.82 4.75 1.63 0.97 1.06 4 4 1 1
Speakers 31] 0.11 77.10 63.76 | 0.15 75.52 69.80 | 0.04 -1.58 6.04 1.36 0.98 1.09 3 1 2 1
Speakers 36| 1.37 75.93 96.61 1.87 73.08 93.26 | 0.50 -2.85 -3.35 1.36 0.96 0.97 3 1 1 2
Speakers 40| 0.99 91.07 79.96 1.59 88.81 82.17 | 0.60 -2.26 2.21 1.61 0.98 1.03 4 3 1 1
Speakers 441 2.28 86.26 9249 | 3.04 81.72 94.67 | 0.76 -4.54 2.18 1.33 0.95 1.02 4 1 2 1
Speakers 46 | 0.50 84.11 69.97 1.03 80.40 73.47 | 0.53 -3.71 3.50 2.06 0.96 1.05 4 4 4 1
Speakers 471 0.45 79.59 43.93 1.18 76.34 52.13 | 0.73 -3.25 8.20 2.62 0.96 1.19 4 1 2 1
Speakers 52| 4.53 83.67 66.42 | 7.50 80.57 79.66 | 2.97 -3.10 13.24 1.66 0.96 1.20 3 2 2 1
Speakers 56 | 0.95 70.72 89.48 1.80 69.91 80.11 | 0.85 -0.81 -9.37 1.89 0.99 0.90 4 1 2 1
Speakers 59| 1.37 89.70 66.59 | 2.83 86.32 75.69 1.46 -3.38 9.10 2.07 0.96 1.14 4 1 2 1
Speakers 63| 1.29 84.54 69.70 | 2.49 80.78 68.59 1.20 -3.76 -111 1.93 0.96 0.98 3 1 3 1
Speakers 71| 1.49 86.70 73.63 | 2.07 80.32 73.36 | 0.58 -6.38 -0.27 1.39 0.93 1.00 3 4 1 1
Speakers 771 0.74 90.40 66.18 | 3.69 86.78 66.50 | 2.95 -3.62 0.32 4.99 0.96 1.00 3 1 3 1
Speakers 82| 0.64 90.61 81.22 1.31 88.94 94.30 | 0.67 -167 13.08 2.05 0.98 1.16 4 3 4 1
Speakers 89| 6.54 84.32 74.75 | 8.92 78.68 86.28 | 2.38 -5.64 11.53 1.36 0.93 1.15 3 3 3 1
Speakers 91| 1.38 90.00 79.53 1.92 86.05 88.65 | 0.54 -3.95 9.12 1.39 0.96 1.11 3 5 4 1
Speakers 951 0.71 88.89 79.14 | 0.93 86.93 80.44 | 0.22 -1.96 1.30 1.31 0.98 1.02 5 1 2 1
Headphones 2 ] 0.50 7341 65.02 | 0.78 71.56 65.67 | 0.28 -1.85 0.65 1.56 0.97 1.01 3 3 3 1
Headphones 25| 1.25 78.27 61.66 | 3.57 77.73 7462 | 2.32 -0.54 12.96 2.86 0.99 1.21 3 3 4 1
Headphones 42| 1.32 85.39 7038 | 2.12 83.20 75.09 | 0.80 -2.19 4.71 1.61 0.97 1.07 4 4 3 1
Headphones 50| 1.44 84.16 60.41 1.77 80.67 60.74 | 0.33 -3.49 0.33 1.23 0.96 1.01 4 3 2 1
Headphones 51| 1.38 71.40 80.94 | 3.33 71.28 87.38 1.95 -0.12 6.44 241 1.00 1.08 4 1 3 1
Headphones 55| 4.74 93.00 7545 | 11.32 | 90.76 7477 | 6.58 -2.24 -0.68 2.39 0.98 0.99 3 5 5 1
Headphones 571 191 74.60 76.24 | 4.43 74.18 81.69 | 2.52 -0.42 5.45 2.32 0.99 1.07 4 4 2 1
Headphones 65| 0.43 77.87 93.39 | 0.58 76.38 10365 | 0.15 -1.49 10.26 1.35 0.98 1.11 4 3 2 2
Headphones 67| 0.81 85.40 69.57 1.62 79.51 7166 | 0.81 -5.89 2.09 2.00 0.93 1.03 3 5 2 1
Headphones 68 | 1.02 87.15 71.01 1.58 85.47 79.48 | 0.56 -1.68 8.47 1.55 0.98 1.12 4 2 5 1
Headphones 72| 1.41 93.84 8217 | 2.13 93.81 79.29 | 0.72 -0.03 -2.88 151 1.00 0.96 3 5 2 1
Headphones 75| 1.36 93.88 7735 | 2.53 92.88 85.10 1.17 -1.00 7.75 1.86 0.99 1.10 4 5 2 1
Headphones 79| 0.99 91.11 67.93 1.42 89.73 69.81 | 0.43 -1.38 1.88 1.43 0.98 1.03 4 1 1 1
Headphones 80| 1.54 80.76 64.69 | 2.07 76.94 67.99 | 0.53 -3.82 3.30 1.34 0.95 1.05 4 2 1 1
Headphones 81| 1.82 89.46 84.19 | 2.72 91.12 86.57 | 0.90 1.66 2.38 1.49 1.02 1.03 4 4 1 1
Headphones 84| 1.31 90.42 86.65 | 2.33 89.96 84.69 1.02 -0.46 -1.96 1.78 0.99 0.98 3 2 3 1
Headphones 85| 0.94 92.62 9558 | 2.23 92.77 96.00 1.29 0.15 0.42 2.37 1.00 1.00 4 1 2 1
Headphones 86| 0.64 88.53 74.63 | 0.89 83.69 8543 | 0.25 -4.84 10.80 1.39 0.95 1.14 3 3 2 1
Headphones 90| 0.97 92.49 7752 | 2.29 91.36 74.37 1.32 -1.13 -3.15 2.36 0.99 0.96 3 1 1 1
Headphones 96 | 1.93 81.99 4734 | 2.23 78.70 48.42 | 0.30 -3.29 1.08 1.16 0.96 1.02 4 1 2 1
HP w/Subwoofer 3| 0.76 67.47 63.63 1.08 67.74 6159 | 0.32 0.27 -2.04 1.42 1.00 0.97 4 5 3 1
HP w/Subwoofer 4] 0.68 77.03 77.01 | 0.67 74.56 7440 | -0.01 -2.47 -2.61 0.99 0.97 0.97 3 1 2 1
HP w/Subwoofer 241 0.58 86.14 64.70 1.11 81.51 65.33 | 0.53 -4.63 0.63 191 0.95 1.01 4 1 1 1
HP w/Subwoofer 27| 0.25 79.31 69.80 1.64 73.24 69.83 1.39 -6.07 0.03 6.56 0.92 1.00 2 1 2 1
HP w/Subwoofer 28| 2.31 87.35 58.13 | 2.86 83.13 59.37 | 0.55 -4.22 1.24 1.24 0.95 1.02 3 1 4 1
HP w/Subwoofer 32| 0.66 81.89 67.11 | 0.75 77.70 65.15 | 0.09 -4.19 -1.96 1.14 0.95 0.97 3 5 1 2
HP w/Subwoofer 34| 3.02 87.54 78.70 | 10.57 | 90.09 9142 | 7.55 2.55 12.72 3.50 1.03 1.16 3 3 2 1
HP w/Subwoofer 37| 0.76 85.97 56.66 1.62 80.34 59.03 | 0.86 -5.63 2.37 2.13 0.93 1.04 4 1 1 1
HP w/Subwoofer 38| 0.84 87.23 59.55 1.97 83.02 63.52 1.13 -4.21 3.97 2.35 0.95 1.07 4 3 4 1
HP w/Subwoofer 39| 0.61 78.81 58.68 | 0.93 75.67 61.58 | 0.32 -3.14 2.90 1.52 0.96 1.05 4 4 2 1
HP w/Subwoofer 45| 2.33 75.94 7741 | 3.49 74.68 82.48 1.16 -1.26 5.07 1.50 0.98 1.07 4 5 4 1
HP w/Subwoofer 48| 1.52 81.74 62.75 | 3.35 81.62 65.07 1.83 -0.12 2.32 2.20 1.00 1.04 3 2 2 1
HP w/Subwoofer 53| 0.58 75.40 67.04 1.01 73.99 80.78 | 0.43 -141 13.74 174 0.98 1.20 4 1 4 1
HP w/Subwoofer 61| 1.60 77.34 67.85 1.79 74.51 82.65 | 0.19 -2.83 14.80 1.12 0.96 1.22 3 1 1 1
HP w/Subwoofer 66 | 1.82 75.14 78.91 1.12 73.59 80.73 | -0.70 -1.55 1.82 0.62 0.98 1.02 4 2 2 1
HP w/Subwoofer 74| 0.40 94.57 78.79 1.02 95.05 75.79 0.62 0.48 -3.00 2.55 1.01 0.96 4 3 1 1
HP w/Subwoofer 83| 0.92 77.04 68.92 | 2.04 75.37 72.97 1.12 -167 4.05 2.22 0.98 1.06 5 1 4 1
HP w/Subwoofer 871 0.79 84.89 82.33 1.54 80.55 85.84 | 0.75 -4.34 3.51 1.95 0.95 1.04 3 2 2 1
HP w/Subwoofer 92| 1.86 81.74 5331 | 3.51 78.65 68.07 1.65 -3.09 14.76 1.89 0.96 1.28 4 3 3 1
HP w/Subwoofer 941 1.49 92.12 79.52 1.78 92.62 79.99 | 0.29 0.50 0.47 1.19 1.01 1.01 4 4 1 1
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Age | Hearing | Level | Medical | Concern | Movies | TvBook| Alert | MovAwar | Charact | VidGame | FitToda| BlockOu | WatcGam | DayDrea | Dreams | Sports| Concent
5 2 99.00 2 99.00 2.00 2.00 4.00 1.00 3.00 1.00 6.00 3.00 1.00 1.00 1.00 2.00 4.00
4 2 99.00 2 99.00 4.00 4.00 5.00 3.00 3.00 3.00 5.00 5.00 5.00 2.00 2.00 5.00 5.00
3 2 99.00 2 99.00 4.00 3.00 3.00 4.00 5.00 5.00 5.00 3.00 3.00 6.00 1.00 3.00 4.00
4 2 99.00 2 99.00 4.00 6.00 5.00 6.00 2.00 1.00 6.00 5.00 2.00 4.00 1.00 5.00 4.00
4 2 99.00 2 99.00 4.00 3.00 6.00 2.00 3.00 2.00 5.00 6.00 2.00 3.00 4.00 4.00 4.00
5 2 99.00 2 99.00 4.00 4.00 5.00 4.00 4.00 1.00 4.00 5.00 3.00 3.00 2.00 4.00 5.00
3 2 99.00 2 99.00 6.00 4.00 4.00 3.00 3.00 6.00 5.00 6.00 3.00 5.00 6.00 6.00 7.00
2 2 99.00 2 99.00 4.00 4.00 4.00 4.00 5.00 5.00 5.00 4.00 5.00 5.00 5.00 5.00 5.00
4 2 99.00 2 99.00 3.00 4.00 6.00 2.00 2.00 1.00 5.00 4.00 1.00 3.00 2.00 4.00 4.00
2 2 99.00 2 99.00 5.00 6.00 6.00 6.00 4.00 4.00 5.00 5.00 3.00 5.00 5.00 2.00 5.00
5 2 99.00 2 99.00 6.00 5.00 7.00 4.00 6.00 3.00 5.00 4.00 2.00 2.00 1.00 4.00 6.00
4 2 99.00 2 99.00 5.00 6.00 5.00 5.00 5.00 6.00 4.00 7.00 5.00 6.00 4.00 6.00 7.00
2 2 99.00 2 99.00 6.00 7.00 4.00 5.00 6.00 6.00 3.00 4.00 4.00 4.00 5.00 4.00 7.00
3 2 99.00 2 99.00 4.00 4.00 | 7.00 4.00 4.00 2.00 7.00 6.00 5.00 2.00 4.00 5.00 7.00
4 2 99.00 2 99.00 2.00 2.00 3.00 2.00 2.00 2.00 4.00 2.00 1.00 1.00 1.00 5.00 6.00
5 1 4.00 2 99.00 6.00 5.00 6.00 4.00 5.00 5.00 6.00 7.00 6.00 5.00 5.00 7.00 7.00
1 2 99.00 2 99.00 7.00 7.00 1.00 7.00 7.00 7.00 1.00 6.00 1.00 7.00 7.00 1.00 7.00
3 2 99.00 2 99.00 4.00 6.00 4.00 4.00 3.00 1.00 4.00 4.00 4.00 4.00 3.00 6.00 7.00
4 2 99.00 2 99.00 4.00 4.00 5.00 5.00 4.00 4.00 5.00 5.00 5.00 4.00 2.00 5.00 6.00
3 2 99.00 2 99.00 3.00 4.00 5.00 3.00 4.00 2.00 5.00 6.00 4.00 4.00 4.00 5.00 5.00
4 2 99.00 2 99.00 5.00 5.00 4.00 5.00 5.00 4.00 6.00 6.00 7.00 5.00 4.00 7.00 6.00
4 2 99.00 2 99.00 5.00 4.00 7.00 4.00 4.00 4.00 5.00 4.00 3.00 5.00 4.00 5.00 7.00
3 2 99.00 2 99.00 5.00 5.00 6.00 5.00 4.00 3.00 6.00 5.00 5.00 3.00 5.00 6.00 7.00
5 2 99.00 2 99.00 3.00 4.00 4.00 5.00 3.00 2.00 2.00 3.00 6.00 3.00 2.00 6.00 3.00
4 2 99.00 2 99.00 4.00 4.00 6.00 3.00 1.00 2.00 4.00 5.00 2.00 2.00 2.00 4.00 5.00
5 2 99.00 2 99.00 6.00 6.00 4.00 6.00 6.00 6.00 4.00 3.00 4.00 4.00 4.00 4.00 6.00
3 2 99.00 2 99.00 4.00 4.00 1.00 4.00 4.00 3.00 4.00 5.00 4.00 2.00 4.00 4.00 7.00
2 2 99.00 2 99.00 5.00 4.00 4.00 4.00 3.00 4.00 3.00 6.00 4.00 2.00 1.00 2.00 4.00
2 2 99.00 2 99.00 5.00 3.00 6.00 4.00 4.00 5.00 4.00 5.00 3.00 4.00 5.00 5.00 6.00
5 2 99.00 2 99.00 5.00 3.00 6.00 4.00 4.00 1.00 6.00 5.00 5.00 3.00 3.00 4.00 6.00
2 2 99.00 2 99.00 4.00 2.00 6.00 3.00 5.00 2.00 6.00 4.00 3.00 2.00 2.00 6.00 6.00
3 2 99.00 2 99.00 4.00 4.00 6.00 5.00 5.00 6.00 4.00 7.00 4.00 3.00 4.00 6.00 7.00
3 2 99.00 2 99.00 5.00 6.00 7.00 5.00 6.00 4.00 5.00 5.00 3.00 6.00 3.00 5.00 7.00
4 2 99.00 2 99.00 4.00 4.00 7.00 4.00 4.00 4.00 5.00 6.00 6.00 4.00 5.00 6.00 6.00
4 2 99.00 2 99.00 4.00 1.00 7.00 4.00 5.00 3.00 4.00 4.00 6.00 2.00 2.00 6.00 6.00
4 2 99.00 2 99.00 5.00 5.00 5.00 5.00 4.00 5.00 3.00 6.00 6.00 3.00 3.00 6.00 7.00
2 2 99.00 2 99.00 5.00 4.00 6.00 4.00 4.00 4.00 5.00 5.00 3.00 5.00 5.00 5.00 7.00
3 2 99.00 2 99.00 7.00 4.00 6.00 4.00 4.00 3.00 5.00 6.00 3.00 4.00 2.00 4.00 7.00
4 2 99.00 2 99.00 2.00 3.00 5.00 3.00 2.00 1.00 4.00 6.00 1.00 3.00 5.00 1.00 6.00
4 2 99.00 2 99.00 4.00 2.00 4.00 2.00 4.00 3.00 4.00 5.00 2.00 3.00 5.00 5.00 5.00
3 2 99.00 2 99.00 6.00 4.00 6.00 6.00 4.00 5.00 6.00 5.00 4.00 4.00 3.00 6.00 6.00
2 1 1.00 2 99.00 4.00 4.00 7.00 6.00 3.00 4.00 6.00 7.00 4.00 3.00 1.00 4.00 6.00
4 2 99.00 2 99.00 5.00 5.00 6.00 4.00 5.00 6.00 5.00 6.00 5.00 3.00 2.00 6.00 5.00
4 2 99.00 2 99.00 5.00 6.00 7.00 4.00 4.00 4.00 6.00 7.00 5.00 4.00 4.00 5.00 7.00
1 2 99.00 2 99.00 4.00 5.00 5.00 5.00 5.00 5.00 5.00 6.00 2.00 5.00 5.00 6.00 6.00
2 2 99.00 2 99.00 6.00 4.00 7.00 4.00 5.00 6.00 6.00 7.00 5.00 5.00 4.00 3.00 7.00
4 1 4.00 2 99.00 7.00 7.00 4.00 6.00 4.00 2.00 4.00 4.00 4.00 5.00 5.00 6.00 7.00
2 2 99.00 2 99.00 2.00 6.00 6.00 4.00 2.00 4.00 6.00 5.00 2.00 6.00 4.00 4.00 7.00
3 2 99.00 2 99.00 5.00 3.00 4.00 4.00 2.00 2.00 5.00 5.00 3.00 5.00 3.00 4.00 7.00
2 2 99.00 2 99.00 4.00 7.00 7.00 5.00 4.00 7.00 4.00 7.00 2.00 2.00 5.00 5.00 7.00
2 2 99.00 2 99.00 4.00 5.00 5.00 4.00 4.00 5.00 5.00 6.00 4.00 5.00 3.00 5.00 6.00
5 2 99.00 2 99.00 6.00 5.00 7.00 5.00 4.00 2.00 5.00 5.00 4.00 4.00 2.00 5.00 6.00
2 2 99.00 2 99.00 5.00 3.00 5.00 4.00 1.00 1.00 6.00 7.00 2.00 2.00 4.00 6.00 4.00
3 2 99.00 2 99.00 5.00 5.00 6.00 5.00 3.00 1.00 4.00 2.00 1.00 4.00 3.00 2.00 6.00
5 2 99.00 2 99.00 4.00 4.00 6.00 4.00 400 1.00 6.00 6.00 5.00 3.00 4.00 5.00 6.00
3 2 99.00 2 99.00 4.00 5.00 5.00 6.00 5.00 6.00 5.00 6.00 4.00 4.00 4.00 6.00 6.00
5 2 99.00 2 99.00 4.00 4.00 3.00 4.00 4.00 4.00 3.00 3.00 3.00 4.00 3.00 4.00 5.00
4 1 2.00 2 99.00 4.00 4.00 4.00 3.00 3.00 3.00 5.00 5.00 5.00 1.00 3.00 6.00 5.00
3 2 99.00 2 99.00 6.00 2.00 5.00 2.00 4.00 1.00 4.00 5.00 4.00 3.00 4.00 5.00 5.00
2 2 99.00 2 99.00 2.00 3.00 4.00 2.00 2.00 3.00 5.00 4.00 5.00 1.00 2.00 6.00 5.00
4 2 99.00 2 99.00 6.00 5.00 7.00 5.00 6.00 5.00 6.00 6.00 6.00 3.00 4.00 4.00 7.00
2 2 99.00 2 99.00 3.00 2.00 5.00 1.00 2.00 1.00 6.00 4.00 1.00 1.00 3.00 5.00 6.00
3 2 99.00 2 99.00 1.00 2.00 6.00 4.00 4.00 2.00 6.00 6.00 4.00 4.00 2.00 4.00 6.00
3 2 99.00 2 99.00 3.00 2.00 4.00 2.00 4.00 3.00 5.00 6.00 4.00 2.00 3.00 7.00 7.00
2 2 99.00 2 99.00 5.00 3.00 6.00 5.00 5.00 4.00 6.00 4.00 5.00 4.00 3.00 5.00 6.00
3 2 99.00 2 99.00 5.00 4.00 4.00 4.00 6.00 1.00 3.00 5.00 1.00 6.00 5.00 2.00 5.00
5 2 99.00 2 99.00 7.00 7.00 5.00 7.00 7.00 7.00 4.00 6.00 6.00 6.00 4.00 6.00 6.00
5 2 99.00 2 99.00 4.00 2.00 5.00 1.00 2.00 1.00 5.00 5.00 2.00 2.00 1.00 6.00 6.00
3 2 99.00 2 99.00 4.00 5.00 7.00 6.00 4.00 2.00 5.00 5.00 2.00 2.00 4.00 4.00 6.00
4 2 99.00 2 99.00 2.00 1.00 4.00 1.00 3.00 2.00 4.00 4.00 1.00 1.00 2.00 2.00 5.00
2 2 99.00 2 99.00 6.00 3.00 5.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 5.00 7.00 7.00
3 2 99.00 2 99.00 2.00 2.00 5.00 2.00 2.00 2.00 6.00 4.00 2.00 2.00 2.00 2.00 3.00
2 2 99.00 2 99.00 4.00 4.00 4.00 4.00 4.00 3.00 5.00 5.00 2.00 2.00 5.00 4.00 5.00
3 2 99.00 2 99.00 1.00 4.00 4.00 4.00 2.00 3.00 3.00 4.00 6.00 2.00 4.00 2.00 5.00
2 2 99.00 2 99.00 5.00 4.00 4.00 5.00 6.00 6.00 5.00 4.00 5.00 3.00 4.00 5.00 6.00
5 2 99.00 2 99.00 2.00 4.00 7.00 1.00 1.00 1.00 5.00 7.00 4.00 4.00 1.00 6.00 6.00
2 2 99.00 2 99.00 4.00 3.00 5.00 4.00 3.00 5.00 3.00 7.00 2.00 6.00 4.00 4.00 6.00
4 2 99.00 2 99.00 5.00 3.00 7.00 1.00 3.00 2.00 6.00 6.00 5.00 2.00 3.00 5.00 6.00
3 2 99.00 2 99.00 6.00 7.00 5.00 7.00 4.00 2.00 6.00 2.00 2.00 1.00 4.00 4.00 5.00
5 2 99.00 2 99.00 1.00 4.00 7.00 1.00 1.00 1.00 4.00 4.00 1.00 1.00 1.00 1.00 4.00
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PlayVG | TvFight | Scared | Fearful | LosTack ITQ.Total | Control | Res | Natural | VisAsp | Slate5 | AudAsp | Mechani | SensObj | Slate3 | Consist | Slate6 | ResAct
1.00 4.00 2.00 2.00 3.00 43.00 2.00 2.00 3.00 5.00 4.00 1.00 3.00 3.00 2.00 3.00 6.00 2.00
2.00 5.00 5.00 2.00 1.00 66.00 5.00 3.00 3.00 4.00 3.00 1.00 2.00 2.00 1.00 1.00 1.00 6.00
3.00 3.00 2.00 4.00 5.00 66.00 6.00 6.00 5.00 6.00 5.00 1.00 3.00 4.00 4.00 3.00 4.00 5.00
2.00 3.00 2.00 2.00 4.00 64.00 5.00 6.00 3.00 5.00 3.00 1.00 3.00 2.00 2.00 6.00 1.00 1.00
1.00 7.00 7.00 6.00 4.00 73.00 5.00 7.00 6.00 7.00 6.00 1.00 5.00 7.00 6.00 6.00 6.00 6.00
1.00 4.00 4.00 3.00 4.00 64.00 5.00 6.00 5.00 5.00 1.00 1.00 5.00 5.00 4.00 4.00 5.00 5.00
2.00 6.00 4.00 5.00 6.00 87.00 5.00 6.00 5.00 6.00 3.00 4.00 3.00 5.00 6.00 4.00 5.00 5.00
5.00 4.00 6.00 4.00 5.00 84.00 3.00 3.00 2.00 4.00 3.00 1.00 2.00 4.00 3.00 3.00 4.00 3.00
4.00 3.00 2.00 2.00 3.00 55.00 2.00 4.00 3.00 4.00 3.00 1.00 3.00 3.00 2.00 6.00 2.00 4.00
6.00 4.00 3.00 3.00 5.00 82.00 6.00 6.00 5.00 5.00 4.00 1.00 5.00 6.00 6.00 4.00 3.00 4.00
3.00 2.00 2.00 1.00 2.00 65.00 3.00 6.00 5.00 7.00 6.00 6.00 4.00 5.00 4.00 2.00 6.00 6.00
3.00 4.00 3.00 3.00 5.00 89.00 5.00 6.00 4.00 5.00 7.00 3.00 3.00 6.00 6.00 4.00 4.00 5.00
7.00 6.00 4.00 2.00 4.00 88.00 5.00 7.00 5.00 6.00 4.00 1.00 5.00 6.00 6.00 3.00 5.00 6.00
2.00 6.00 3.00 1.00 2.00 75.00 4.00 3.00 2.00 4.00 5.00 1.00 1.00 6.00 3.00 5.00 2.00 5.00
1.00 2.00 2.00 2.00 2.00 42.00 2.00 4.00 2.00 4.00 1.00 1.00 2.00 2.00 2.00 6.00 1.00 2.00
4.00 6.00 5.00 4.00 7.00 100.00 3.00 6.00 4.00 6.00 6.00 5.00 5.00 5.00 5.00 3.00 4.00 4.00
3.00 7.00 4.00 2.00 7.00 89.00 2.00 4.00 3.00 5.00 5.00 1.00 4.00 6.00 3.00 4.00 3.00 2.00
3.00 4.00 4.00 3.00 7.00 75.00 4.00 4.00 4.00 4.00 2.00 1.00 3.00 4.00 3.00 3.00 4.00 4.00
4.00 5.00 5.00 4.00 4.00 80.00 3.00 5.00 4.00 4.00 3.00 1.00 3.00 5.00 4.00 2.00 2.00 5.00
2.00 3.00 5.00 4.00 4.00 72.00 3.00 4.00 4.00 5.00 6.00 5.00 4.00 3.00 3.00 4.00 2.00 3.00
2.00 4.00 4.00 2.00 6.00 87.00 4.00 6.00 5.00 6.00 5.00 7.00 4.00 5.00 6.00 6.00 2.00 5.00
3.00 4.00 5.00 5.00 5.00 83.00 5.00 5.00 4.00 5.00 5.00 6.00 3.00 4.00 6.00 3.00 4.00 5.00
5.00 6.00 2.00 1.00 5.00 84.00 2.00 4.00 5.00 6.00 6.00 5.00 4.00 5.00 3.00 5.00 4.00 4.00
2.00 4.00 3.00 3.00 2.00 60.00 3.00 5.00 5.00 5.00 6.00 3.00 2.00 3.00 4.00 2.00 2.00 6.00
5.00 4.00 3.00 1.00 3.00 60.00 3.00 4.00 4.00 5.00 3.00 4.00 2.00 4.00 3.00 6.00 3.00 3.00
1.00 5.00 7.00 7.00 7.00 90.00 4.00 5.00 4.00 6.00 6.00 5.00 4.00 6.00 6.00 4.00 5.00 4.00
2.00 4.00 4.00 1.00 7.00 68.00 1.00 2.00 1.00 4.00 4.00 5.00 5.00 3.00 4.00 4.00 7.00 4.00
3.00 4.00 3.00 3.00 6.00 65.00 3.00 6.00 6.00 5.00 2.00 7.00 6.00 5.00 6.00 3.00 4.00 5.00
6.00 6.00 6.00 6.00 6.00 89.00 4.00 5.00 5.00 4.00 6.00 6.00 6.00 6.00 5.00 2.00 6.00 5.00
2.00 5.00 5.00 2.00 3.00 72.00 4.00 6.00 6.00 7.00 5.00 7.00 6.00 6.00 6.00 2.00 5.00 5.00
5.00 4.00 4.00 2.00 5.00 71.00 5.00 6.00 6.00 5.00 5.00 6.00 5.00 6.00 3.00 500 2.00 5.00
6.00 4.00 2.00 1.00 5.00 83.00 4.00 6.00 2.00 4.00 5.00 5.00 2.00 4.00 3.00 4.00 3.00 4.00
4.00 6.00 6.00 2.00 5.00 90.00 6.00 4.00 3.00 5.00 6.00 5.00 4.00 5.00 5.00 4.00 4.00 4.00
4.00 4.00 4.00 4.00 6.00 87.00 4.00 5.00 5.00 6.00 5.00 6.00 4.00 5.00 3.00 4.00 2.00 4.00
2.00 4.00 4.00 2.00 5.00 71.00 4.00 4.00 2.00 4.00 4.00 5.00 2.00 5.00 4.00 6.00 1.00 2.00
4.00 5.00 3.00 3.00 6.00 84.00 5.00 4.00 5.00 6.00 4.00 5.00 4.00 5.00 5.00 3.00 5.00 5.00
7.00 5.00 3.00 3.00 5.00 85.00 6.00 6.00 6.00 6.00 5.00 7.00 6.00 6.00 5.00 5.00 5.00 6.00
3.00 6.00 4.00 2.00 4.00 78.00 4.00 6.00 6.00 7.00 6.00 7.00 4.00 5.00 5.00 3.00 5.00 5.00
4.00 4.00 5.00 2.00 5.00 62.00 4.00 5.00 5.00 6.00 4.00 6.00 4.00 5.00 5.00 4.00 3.00 2.00
4.00 3.00 5.00 400 4.00 68.00 3.00 6.00 5.00 5.00 6.00 6.00 4.00 5.00 5.00 4.00 2.00 5.00
4.00 5.00 5.00 4.00 5.00 88.00 4.00 5.00 4.00 5.00 4.00 5.00 4.00 5.00 3.00 3.00 3.00 4.00
7.00 6.00 2.00 1.00 2.00 77.00 6.00 5.00 4.00 7.00 3.00 5.00 2.00 5.00 6.00 5.00 3.00 7.00
2.00 7.00 6.00 2.00 4.00 84.00 2.00 5.00 4.00 5.00 5.00 6.00 5.00 5.00 4.00 1.00 5.00 4.00
2.00 3.00 3.00 2.00 5.00 83.00 6.00 6.00 5.00 6.00 7.00 6.00 6.00 6.00 5.00 4.00 4.00 6.00
7.00 5.00 5.00 3.00 5.00 89.00 5.00 2.00 4.00 5.00 6.00 5.00 4.00 5.00 5.00 5.00 4.00 5.00
7.00 7.00 5.00 3.00 6.00 97.00 7.00 7.00 5.00 6.00 4.00 7.00 5.00 5.00 3.00 4.00 4.00 6.00
2.00 6.00 4.00 3.00 5.00 85.00 3.00 3.00 6.00 6.00 4.00 5.00 5.00 6.00 4.00 3.00 4.00 4.00
4.00 4.00 6.00 4.00 5.00 81.00 4.00 5.00 3.00 6.00 3.00 6.00 4.00 5.00 4.00 5.00 4.00 4.00
3.00 5.00 5.00 4.00 3.00 72.00 3.00 4.00 5.00 6.00 4.00 7.00 2.00 5.00 5.00 5.00 5.00 4.00
7.00 7.00 7.00 4.00 7.00 98.00 6.00 5.00 7.00 7.00 6.00 7.00 4.00 6.00 6.00 3.00 6.00 5.00
2.00 3.00 4.00 2.00 6.00 78.00 4.00 5.00 5.00 5.00 6.00 6.00 2.00 5.00 4.00 2.00 4.00 5.00
2.00 5.00 4.00 2.00 5.00 78.00 4.00 6.00 4.00 6.00 6.00 6.00 2.00 6.00 4.00 3.00 3.00 4.00
1.00 7.00 2.00 1.00 5.00 66.00 3.00 2.00 3.00 4.00 4.00 6.00 4.00 4.00 3.00 5.00 3.00 5.00
1.00 5.00 5.00 4.00 2.00 64.00 4.00 5.00 5.00 5.00 1.00 6.00 4.00 4.00 1.00 1.00 2.00 6.00
1.00 4.00 1.00 1.00 5.00 70.00 2.00 6.00 5.00 5.00 5.00 5.00 4.00 5.00 1.00 4.00 1.00 4.00
3.00 4.00 3.00 2.00 6.00 84.00 3.00 3.00 3.00 5.00 6.00 6.00 4.00 3.00 5.00 5.00 5.00 4.00
2.00 4.00 4.00 2.00 4.00 64.00 3.00 6.00 3.00 6.00 5.00 6.00 2.00 5.00 3.00 4.00 4.00 3.00
2.00 4.00 4.00 3.00 4.00 68.00 5.00 5.00 5.00 5.00 5.00 6.00 4.00 6.00 5.00 5.00 4.00 4.00
2.00 3.00 4.00 1.00 3.00 63.00 3.00 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.00 3.00 4.00 3.00
2.00 3.00 3.00 2.00 6.00 60.00 2.00 4.00 4.00 4.00 5.00 3.00 4.00 3.00 3.00 4.00 3.00 3.00
5.00 5.00 6.00 5.00 4.00 95.00 5.00 6.00 5.00 6.00 6.00 6.00 5.00 6.00 6.00 6.00 2.00 6.00
2.00 2.00 2.00 1.00 1.00 48.00 4.00 5.00 4.00 5.00 4.00 6.00 3.00 4.00 2.00 3.00 6.00 5.00
1.00 4.00 1.00 1.00 4.00 62.00 4.00 6.00 4.00 5.00 4.00 6.00 3.00 2.00 2.00 3.00 2.00 4.00
2.00 5.00 2.00 1.00 5.00 67.00 4.00 4.00 4.00 5.00 5.00 6.00 3.00 5.00 5.00 3.00 3.00 4.00
6.00 5.00 5.00 5.00 4.00 86.00 5.00 5.00 4.00 5.00 5.00 5.00 4.00 5.00 3.00 4.00 3.00 6.00
1.00 2.00 4.00 4.00 6.00 68.00 1.00 2.00 4.00 4.00 4.00 6.00 3.00 4.00 3.00 5.00 4.00 4.00
4.00 7.00 4.00 3.00 7.00 103.00 2.00 4.00 4.00 6.00 6.00 7.00 4.00 6.00 7.00 2.00 6.00 4.00
1.00 2.00 2.00 1.00 2.00 50.00 4.00 5.00 6.00 6.00 5.00 3.00 2.00 5.00 5.00 3.00 4.00 5.00
4.00 4.00 2.00 1.00 2.00 69.00 6.00 6.00 5.00 6.00 6.00 6.00 6.00 6.00 3.00 5.00 2.00 5.00
3.00 2.00 2.00 2.00 4.00 45,00 4.00 4.00 5.00 5.00 5.00 5.00 4.00 4.00 1.00 3.00 4.00 5.00
7.00 6.00 7.00 4.00 6.00 95.00 5.00 6.00 4.00 6.00 7.00 5.00 4.00 6.00 5.00 3.00 4.00 4.00
1.00 2.00 2.00 2.00 4.00 47.00 1.00 1.00 2.00 2.00 1.00 3.00 2.00 2.00 1.00 7.00 1.00 3.00
5.00 5.00 3.00 2.00 6.00 72.00 6.00 6.00 6.00 7.00 6.00 7.00 5.00 5.00 5.00 3.00 5.00 3.00
3.00 3.00 2.00 1.00 3.00 56.00 3.00 6.00 5.00 4.00 7.00 5.00 3.00 6.00 4.00 4.00 3.00 4.00
5.00 6.00 2.00 2.00 5.00 82.00 3.00 4.00 4.00 5.00 4.00 5.00 5.00 5.00 1.00 2.00 6.00 5.00
1.00 4.00 1.00 1.00 4.00 60.00 4.00 7.00 5.00 7.00 7.00 7.00 5.00 6.00 6.00 6.00 6.00 4.00
6.00 5.00 3.00 2.00 3.00 75.00 4.00 5.00 5.00 6.00 7.00 5.00 2.00 4.00 5.00 3.00 3.00 3.00
2.00 4.00 4.00 3.00 4.00 71.00 4.00 5.00 4.00 6.00 3.00 6.00 3.00 6.00 4.00 3.00 3.00 3.00
3.00 6.00 6.00 4.00 4.00 78.00 4.00 4.00 4.00 6.00 7.00 7.00 5.00 5.00 5.00 4.00 5.00 5.00
1.00 4.00 1.00 1.00 1.00 39.00 4.00 4.00 4.00 4.00 1.00 4.00 4.00 5.00 7.00 1.00 4.00 4.00
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VisSur | Slate2 | Slate4 | IdeSoun | LocSoun | SensMov | ExmObj ExObjVi | Slatel]| Involve | Delay (+) | Delay | AdjExp Profici DispQua (+) DispQual
2.00 1.00 2.00 1.00 1.00 3.00 4.00 3.00 3.00 4.00 2.00 6.00 3.00 3.00 2.00 6.00
6.00 1.00 1.00 1.00 1.00 2.00 3.00 4.00 1.00 1.00 4.00 4.00 3.00 3.00 2.00 6.00
5.00 4.00 4.00 1.00 1.00 5.00 4.00 4.00 4.00 400 1.00 7.00 7.00 5.00 1.00 7.00
2.00 1.00 2.00 1.00 1.00 3.00 2.00 3.00 3.00 2.00 2.00 6.00 5.00 3.00 2.00 6.00
6.00 5.00 6.00 1.00 1.00 5.00 7.00 6.00 6.00 6.00 1.00 7.00 7.00 5.00 2.00 6.00
5.00 2.00 3.00 1.00 1.00 4.00 5.00 6.00 4.00 4.00 4.00 4.00 4.00 4.00 1.00 7.00
7.00 6.00 6.00 1.00 1.00 6.00 6.00 7.00 5.00 6.00 4.00 4.00 5.00 3.00 1.00 7.00
4.00 4.00 3.00 1.00 1.00 3.00 4.00 4.00 4.00 3.00 4.00 4.00 3.00 3.00 3.00 5.00
5.00 1.00 2.00 1.00 1.00 3.00 4.00 4.00 3.00 4.00 2.00 6.00 4.00 3.00 4.00 4.00
6.00 4.00 5.00 1.00 1.00 5.00 3.00 4.00 3.00 5.00 2.00 6.00 7.00 5.00 2.00 6.00
5.00 7.00 7.00 1.00 1.00 7.00 3.00 1.00 6.00 7.00 1.00 7.00 5.00 2.00 1.00 7.00
4.00 4.00 5.00 2.00 2.00 5.00 4.00 5.00 6.00 6.00 3.00 5.00 5.00 2.00 3.00 5.00
5.00 5.00 5.00 1.00 1.00 4.00 5.00 5.00 5.00 5.00 1.00 7.00 7.00 7.00 1.00 7.00
5.00 2.00 2.00 1.00 1.00 3.00 7.00 6.00 2.00 4.00 2.00 6.00 4.00 2.00 1.00 7.00
4.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 2.00 3.00 5.00 3.00 2.00 1.00 4.00 4.00
5.00 4.00 5.00 4.00 4.00 5.00 7.00 7.00 6.00 6.00 2.00 6.00 6.00 4.00 2.00 6.00
4.00 2.00 3.00 1.00 1.00 4.00 2.00 3.00 3.00 5.00 1.00 7.00 4.00 1.00 2.00 6.00
2.00 3.00 4.00 1.00 1.00 4.00 4.00 3.00 5.00 4.00 2.00 6.00 4.00 3.00 3.00 5.00
4.00 2.00 2.00 1.00 1.00 2.00 2.00 2.00 3.00 3.00 3.00 5.00 3.00 2.00 1.00 7.00
4.00 1.00 3.00 5.00 4.00 4.00 2.00 2.00 4.00 4.00 3.00 5.00 4.00 2.00 2.00 6.00
4.00 5.00 5.00 7.00 7.00 6.00 4.00 4.00 6.00 6.00 3.00 5.00 4.00 4.00 4.00 4.00
3.00 3.00 5.00 5.00 2.00 6.00 4.00 1.00 5.00 6.00 2.00 6.00 4.00 3.00 1.00 7.00
3.00 5.00 5.00 6.00 4.00 5.00 4.00 4.00 5.00 5.00 2.00 6.00 4.00 5.00 3.00 5.00
3.00 2.00 4.00 3.00 2.00 6.00 4.00 5.00 5.00 4.00 2.00 6.00 3.00 2.00 3.00 5.00
3.00 3.00 3.00 6.00 4.00 3.00 3.00 3.00 4.00 4.00 2.00 6.00 5.00 4.00 2.00 6.00
5.00 5.00 3.00 5.00 4.00 5.00 3.00 4.00 5.00 6.00 3.00 5.00 3.00 4.00 3.00 5.00
4.00 1.00 1.00 4.00 1.00 4.00 2.00 3.00 4.00 6.00 4.00 4.00 3.00 1.00 4.00 4.00
4.00 4.00 5.00 6.00 6.00 6.00 5.00 5.00 6.00 6.00 2.00 6.00 4.00 5.00 4.00 4.00
5.00 6.00 5.00 6.00 5.00 5.00 4.00 4.00 6.00 6.00 2.00 6.00 6.00 3.00 4.00 4.00
5.00 5.00 6.00 7.00 7.00 7.00 6.00 6.00 6.00 6.00 3.00 5.00 7.00 5.00 1.00 7.00
5.00 4.00 4.00 4.00 3.00 5.00 4.00 4.00 5.00 5.00 2.00 6.00 6.00 5.00 3.00 5.00
5.00 3.00 3.00 6.00 5.00 4.00 5.00 5.00 4.00 4.00 2.00 6.00 4.00 3.00 2.00 6.00
6.00 4.00 5.00 5.00 3.00 5.00 6.00 6.00 6.00 6.00 2.00 6.00 4.00 4.00 2.00 6.00
5.00 3.00 3.00 7.00 5.00 4.00 5.00 5.00 4.00 5.00 4.00 4.00 5.00 5.00 6.00 2.00
4.00 1.00 1.00 6.00 5.00 4.00 4.00 2.00 5.00 5.00 2.00 6.00 3.00 2.00 1.00 7.00
4.00 5.00 6.00 6.00 5.00 5.00 5.00 5.00 5.00 5.00 3.00 5.00 5.00 4.00 2.00 6.00
6.00 5.00 5.00 6.00 6.00 5.00 6.00 5.00 5.00 6.00 3.00 5.00 7.00 6.00 2.00 6.00
4.00 5.00 7.00 7.00 6.00 6.00 5.00 4.00 6.00 7.00 2.00 6.00 5.00 5.00 2.00 6.00
5.00 3.00 3.00 6.00 6.00 4.00 4.00 5.00 6.00 6.00 2.00 6.00 4.00 3.00 1.00 7.00
4.00 2.00 2.00 4.00 5.00 5.00 5.00 6.00 4.00 4.00 3.00 5.00 4.00 3.00 5.00 3.00
4.00 3.00 5.00 5.00 5.00 4.00 3.00 4.00 4.00 5.00 4.00 4.00 5.00 4.00 5.00 3.00
5.00 4.00 6.00 7.00 6.00 4.00 4.00 6.00 6.00 6.00 2.00 6.00 7.00 6.00 4.00 4.00
5.00 5.00 5.00 4.00 3.00 4.00 4.00 4.00 5.00 5.00 1.00 7.00 7.00 6.00 1.00 7.00
5.00 5.00 5.00 6.00 5.00 5.00 5.00 5.00 5.00 6.00 1.00 7.00 6.00 4.00 4.00 4.00
4.00 5.00 5.00 6.00 5.00 5.00 3.00 5.00 5.00 5.00 3.00 5.00 5.00 5.00 2.00 6.00
6.00 4.00 5.00 6.00 5.00 5.00 7.00 4.00 5.00 6.00 1.00 7.00 7.00 7.00 1.00 7.00
6.00 6.00 4.00 7.00 6.00 6.00 6.00 6.00 5.00 7.00 3.00 5.00 6.00 6.00 3.00 5.00
7.00 4.00 3.00 6.00 5.00 6.00 5.00 4.00 5.00 6.00 2.00 6.00 3.00 3.00 1.00 7.00
3.00 5.00 6.00 5.00 3.00 5.00 4.00 2.00 5.00 7.00 3.00 5.00 5.00 4.00 1.00 7.00
6.00 6.00 7.00 7.00 7.00 5.00 4.00 5.00 6.00 7.00 6.00 2.00 7.00 6.00 4.00 4.00
6.00 4.00 6.00 6.00 5.00 5.00 4.00 5.00 6.00 5.00 1.00 7.00 6.00 6.00 3.00 5.00
5.00 4.00 5.00 6.00 4.00 3.00 3.00 4.00 4.00 6.00 6.00 2.00 6.00 2.00 2.00 6.00
4.00 4.00 5.00 6.00 4.00 3.00 3.00 2.00 4.00 5.00 5.00 3.00 4.00 5.00 2.00 6.00
5.00 4.00 1.00 7.00 7.00 2.00 4.00 4.00 2.00 2.00 1.00 7.00 4.00 3.00 2.00 6.00
4.00 1.00 5.00 7.00 4.00 4.00 4.00 4.00 5.00 4.00 4.00 4.00 4.00 1.00 2.00 6.00
4.00 4.00 6.00 5.00 6.00 7.00 5.00 5.00 6.00 6.00 2.00 6.00 5.00 3.00 2.00 6.00
5.00 4.00 5.00 6.00 6.00 4.00 4.00 3.00 5.00 5.00 5.00 3.00 3.00 2.00 2.00 6.00
6.00 3.00 3.00 6.00 5.00 5.00 5.00 5.00 4.00 5.00 2.00 6.00 5.00 3.00 2.00 6.00
3.00 3.00 4.00 5.00 3.00 5.00 3.00 3.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
3.00 4.00 5.00 5.00 4.00 4.00 3.00 5.00 5.00 4.00 3.00 5.00 4.00 3.00 3.00 5.00
6.00 6.00 6.00 6.00 5.00 7.00 6.00 6.00 6.00 7.00 1.00 7.00 7.00 6.00 1.00 7.00
5.00 1.00 1.00 5.00 5.00 4.00 3.00 2.00 3.00 4.00 2.00 6.00 5.00 3.00 3.00 5.00
6.00 1.00 3.00 5.00 5.00 4.00 4.00 5.00 5.00 5.00 4.00 4.00 5.00 4.00 2.00 6.00
4.00 3.00 5.00 6.00 6.00 4.00 4.00 3.00 5.00 5.00 3.00 5.00 3.00 5.00 1.00 7.00
6.00 3.00 3.00 6.00 4.00 5.00 4.00 5.00 4.00 5.00 2.00 6.00 7.00 6.00 3.00 5.00
4.00 4.00 2.00 4.00 3.00 4.00 3.00 4.00 2.00 4.00 4.00 4.00 4.00 2.00 4.00 4.00
5.00 5.00 6.00 6.00 5.00 6.00 4.00 3.00 5.00 7.00 4.00 4.00 3.00 1.00 2.00 6.00
6.00 2.00 2.00 6.00 6.00 4.00 5.00 6.00 3.00 5.00 4.00 4.00 4.00 2.00 1.00 7.00
5.00 1.00 3.00 6.00 6.00 5.00 4.00 4.00 5.00 5.00 2.00 6.00 6.00 4.00 3.00 5.00
6.00 2.00 3.00 6.00 5.00 5.00 4.00 3.00 5.00 5.00 2.00 6.00 5.00 4.00 2.00 6.00
6.00 5.00 6.00 5.00 5.00 5.00 6.00 5.00 5.00 6.00 1.00 7.00 7.00 4.00 2.00 6.00
2.00 1.00 1.00 2.00 1.00 1.00 3.00 1.00 1.00 2.00 2.00 6.00 1.00 1.00 7.00 1.00
5.00 5.00 5.00 6.00 5.00 5.00 5.00 5.00 5.00 6.00 2.00 6.00 6.00 6.00 2.00 6.00
3.00 3.00 3.00 6.00 6.00 3.00 2.00 2.00 5.00 4.00 1.00 7.00 4.00 3.00 2.00 6.00
4.00 5.00 5.00 6.00 5.00 6.00 5.00 5.00 5.00 5.00 3.00 5.00 4.00 3.00 4.00 4.00
6.00 6.00 6.00 5.00 1.00 7.00 7.00 4.00 6.00 7.00 2.00 6.00 4.00 4.00 2.00 6.00
4.00 4.00 3.00 6.00 2.00 4.00 5.00 2.00 5.00 4.00 2.00 6.00 5.00 4.00 1.00 7.00
4.00 2.00 5.00 6.00 4.00 3.00 2.00 2.00 4.00 4.00 3.00 5.00 3.00 3.00 1.00 7.00
4.00 2.00 5.00 7.00 4.00 5.00 4.00 6.00 5.00 7.00 5.00 3.00 5.00 4.00 5.00 3.00
4.00 4.00 5.00 5.00 4.00 4.00 2.00 3.00 5.00 6.00 3.00 5.00 4.00 4.00 2.00 6.00
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ContDev (+) | ContDev | Concen | Comfoc| Inform | PQ.Tot Slater.Tot | Adj.PQ.Tot PQ.Tot.w.0.Sound Adj.PQ.Tot.w.0.Sound ITQ.avg | PQ.avg
4.00 4.00 2.00 3.00 5.00 74.00 1.00 50.00 71.00 50.00 74.15 96.85
5.00 3.00 2.00 2.00 1.00 69.00 0.00 45.00 66.00 45.00
4.00 4.00 4.00 6.00 6.00 109.00 0.00 85.00 106.00 85.00
5.00 3.00 4.00 4.00 3.00 80.00 0.00 56.00 77.00 56.00
4.00 4.00 6.00 4.00 1.00 122.00 0.00 98.00 119.00 98.00
3.00 5.00 4.00 5.00 4.00 104.00 0.00 80.00 101.00 80.00
4.00 4.00 4.00 5.00 2.00 111.00 3.00 87.00 105.00 84.00
3.00 5.00 4.00 3.00 1.00 73.00 0.00 49.00 70.00 49.00
4.00 4.00 4.00 3.00 1.00 81.00 0.00 57.00 78.00 57.00
3.00 5.00 5.00 4.00 1.00 106.00 1.00 82.00 103.00 82.00
5.00 3.00 4.00 5.00 6.00 108.00 5.00 84.00 100.00 79.00
4.00 4.00 3.00 6.00 6.00 105.00 3.00 81.00 98.00 77.00
3.00 5.00 7.00 7.00 5.00 122,00 1.00 98.00 119.00 98.00
1.00 7.00 2.00 4.00 2.00 92.00 0.00 68.00 89.00 68.00
4.00 4.00 1.00 2.00 2.00 58.00 0.00 34.00 55.00 34.00
3.00 5.00 6.00 6.00 6.00 124.00 2.00 100.00 111.00 90.00
3.00 5.00 2.00 6.00 1.00 83.00 0.00 59.00 80.00 59.00
3.00 5.00 4.00 5.00 4.00 86.00 0.00 62.00 83.00 62.00
4.00 4.00 3.00 4.00 1.00 76.00 0.00 52.00 73.00 52.00
6.00 2.00 2.00 3.00 5.00 89.00 1.00 65.00 75.00 54.00
5.00 3.00 5.00 6.00 6.00 123.00 2.00 99.00 102.00 81.00 76.85 112.20
5.00 3.00 4.00 5.00 5.00 104.00 1.00 80.00 91.00 70.00
5.00 3.00 4.00 6.00 5.00 109.00 1.00 85.00 94.00 73.00
6.00 2.00 3.00 4.00 5.00 91.00 1.00 67.00 83.00 62.00
6.00 2.00 2.00 3.00 3.00 92.00 0.00 68.00 78.00 57.00
4.00 4.00 3.00 5.00 5.00 108.00 2.00 84.00 94.00 73.00
7.00 1.00 4.00 4.00 4.00 78.00 1.00 54.00 68.00 47.00
5.00 3.00 3.00 4.00 5.00 118.00 2.00 94.00 99.00 78.00
1.00 7.00 6.00 7.00 6.00 123.00 4.00 99.00 106.00 85.00
3.00 5.00 6.00 7.00 6.00 141.00 3.00 117.00 120.00 99.00
2.00 6.00 6.00 5.00 5.00 123.00 0.00 99.00 110.00 89.00
4.00 4.00 6.00 4.00 5.00 107.00 0.00 83.00 91.00 70.00
5.00 3.00 3.00 4.00 5.00 112.00 2.00 88.00 99.00 78.00
5.00 3.00 4.00 5.00 5.00 112.00 0.00 88.00 94.00 73.00
4.00 4.00 4.00 4.00 6.00 100.00 0.00 76.00 84.00 63.00
6.00 2.00 3.00 6.00 6.00 114.00 1.00 90.00 98.00 77.00
2.00 6.00 3.00 6.00 6.00 139.00 0.00 115.00 120.00 99.00
3.00 5.00 2.00 6.00 5.00 126.00 3.00 102.00 106.00 85.00
4.00 4.00 4.00 5.00 7.00 117.00 0.00 93.00 99.00 78.00
6.00 2.00 4.00 5.00 5.00 107.00 1.00 83.00 92.00 71.00
3.00 5.00 4.00 5.00 5.00 104.00 0.00 80.00 89.00 68.00 76.25 110.90
2.00 6.00 6.00 6.00 7.00 132.00 3.00 108.00 114.00 93.00
4.00 4.00 4.00 6.00 7.00 114.00 5.00 90.00 101.00 80.00
4.00 4.00 5.00 5.00 6.00 129.00 1.00 105.00 112.00 91.00
3.00 5.00 6.00 5.00 5.00 115.00 1.00 91.00 99.00 78.00
1.00 7.00 6.00 7.00 7.00 146.00 0.00 122.00 128.00 107.00
6.00 2.00 4.00 6.00 6.00 125.00 1.00 101.00 107.00 86.00
3.00 5.00 6.00 4.00 6.00 121.00 0.00 97.00 104.00 83.00
4.00 4.00 4.00 5.00 4.00 108.00 1.00 84.00 93.00 72.00
5.00 3.00 6.00 7.00 7.00 133.00 6.00 109.00 112.00 91.00
1.00 7.00 7.00 6.00 7.00 126.00 4.00 102.00 109.00 88.00
6.00 2.00 4.00 4.00 6.00 104.00 1.00 80.00 88.00 67.00
3.00 500 6.00 6.00 5.00 103.00 0.00 79.00 87.00 66.00
4.00 4.00 4.00 3.00 6.00 108.00 0.00 84.00 88.00 67.00
1.00 7.00 2.00 4.00 5.00 104.00 0.00 80.00 88.00 67.00
6.00 2.00 4.00 5.00 6.00 111.00 3.00 87.00 94.00 73.00
6.00 2.00 2.00 4.00 6.00 99.00 0.00 75.00 81.00 60.00
3.00 5.00 5.00 4.00 6.00 122.00 0.00 98.00 105.00 84.00
6.00 2.00 2.00 3.00 3.00 88.00 0.00 64.00 76.00 55.00
5.00 3.00 5.00 3.00 4.00 91.00 0.00 67.00 79.00 58.00
5.00 3.00 4.00 6.00 7.00 141.00 5.00 117.00 124.00 103.00 68.40 109.95
5.00 3.00 3.00 2.00 5.00 99.00 1.00 75.00 83.00 62.00
7.00 1.00 3.00 3.00 6.00 103.00 0.00 79.00 87.00 66.00
1.00 7.00 6.00 4.00 4.00 111.00 0.00 87.00 93.00 72.00
3.00 5.00 5.00 5.00 5.00 122,00 0.00 98.00 107.00 86.00
4.00 4.00 4.00 4.00 4.00 89.00 0.00 65.00 76.00 55.00
4.00 4.00 2.00 4.00 7.00 106.00 4.00 82.00 88.00 67.00
5.00 3.00 5.00 4.00 7.00 113.00 0.00 89.00 98.00 77.00
3.00 5.00 6.00 4.00 7.00 129.00 1.00 105.00 111.00 90.00
3.00 5.00 5.00 4.00 5.00 113.00 0.00 89.00 97.00 76.00
4.00 4.00 4.00 3.00 4.00 120.00 2.00 96.00 105.00 84.00
4.00 4.00 1.00 1.00 1.00 51.00 0.00 27.00 45,00 24.00
4.00 4.00 6.00 6.00 6.00 131.00 1.00 107.00 113.00 92.00
5.00 3.00 3.00 3.00 5.00 100.00 1.00 76.00 83.00 62.00
3.00 5.00 5.00 6.00 6.00 112.00 1.00 88.00 96.00 75.00
7.00 1.00 6.00 7.00 7.00 129.00 6.00 105.00 116.00 95.00
4.00 4.00 4.00 4.00 5.00 103.00 1.00 79.00 90.00 69.00
2.00 6.00 5.00 6.00 6.00 106.00 0.00 82.00 90.00 69.00
3.00 5.00 7.00 7.00 4.00 119.00 1.00 95.00 101.00 80.00
4.00 4.00 5.00 6.00 6.00 102.00 1.00 78.00 89.00 68.00
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PQ.w.0.Sound.avg Adj.PQ.avg Adj.PQ.w.0.Sound.avg VisTotal AvgPQScore AvgSlaterScore
90.95 72.85 69.95 16.00 2.96 3.00
25.00 2.75 1.33
21.00 4.42 4.17
20.00 3.21 2.00
30.00 4.96 5.83
19.00 4.21 3.17
19.00 4.38 5.17
21.00 2.92 3.50
22.00 3.25 2.17
26.00 4.29 4.17
27.00 4.17 6.00
28.00 4.08 5.33
25.00 4.96 5.00
24.00 3.71 2.67
23.00 2.29 1.33
26.00 4.63 5.00
16.00 3.33 3.17
19.00 3.46 3.50
29.00 3.04 2.67
21.00 3.13 3.17
96.40 88.20 75.40 20.00 4.25 4.83
15.00 3.79 4.67
22.00 3.92 4.67
25.00 3.46 3.83
12.00 3.25 3.17
17.00 3.92 5.00
19.00 2.83 3.50
23.00 413 4.50
18.00 4.42 5.67
17.00 5.00 5.50
12.00 4.58 3.83
22.00 3.79 3.50
30.00 4.13 5.00
26.00 3.92 3.33
29.00 3.50 2.67
24.00 4.08 5.00
26.00 5.00 5.00
27.00 4.42 5.67
24.00 4.13 4.00
20.00 3.83 3.50
95.70 86.90 74.70 21.00 3.71 3.67
21.00 4.75 4.67
22.00 4.21 4.83
21.00 4.67 5.17
22.00 4.13 5.00
29.00 5.33 4.17
13.00 4.46 4.50
12.00 4.33 3.83
25.00 3.88 5.00
22.00 4.67 6.17
21.00 4.54 5.00
20.00 3.67 4.33
17.00 3.63 3.83
23.00 3.67 1.83
23.00 3.67 3.00
18.00 3.92 5.33
24.00 3.38 4.33
26.00 4.38 4.00
14.00 3.17 4.00
18.00 3.29 4.17
94.60 85.95 73.60 27.00 5.17 5.33
17.00 3.46 2.83
22.00 3.63 2.83
24.00 3.88 4.33
24.00 4.46 3.50
26.00 3.17 3.17
18.00 3.67 5.83
25.00 4.08 3.50
16.00 4.63 3.33
25.00 4.04 3.33
25.00 4.38 5.33
15.00 1.88 1.00
22.00 4.71 5.17
22.00 3.46 4.17
29.00 4.00 4.33
26.00 4.83 6.17
24.00 3.75 4.50
31.00 3.75 3.50
20.00 4.21 4.83
21.00 3.71 4.33
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| V.

APPENDI X B. EXPERI MENT PROTCOCOL

Consent forns
A. Have participant read and sign consent forns.
B. Assign participant a subject ID and Condition.
C. Condition val ues:

1. 1 — No sound

2. 2 — Speakers

3. 3 — Headphones w t hout subwoof er

4. 4 — Headphones with subwoofer

Initialize I'TQ on conputer 1
A. Logon to conputer.
B. Start Medi aLab by doubl e-clicking on the desktop
i con.
C. dick on Run in the nenu bar.
1. click on Select and run an experinent.
2. select c:\Docunents and
Setti ngs\ Admi ni st rat or\ Deskt op\ QUESTI ONNAI RES
3. sel ect Audi oEffect OnPresence
4. click on Open
5. Go to step Il

| mrer si ve Tendenci es Questionnaire
A. Input subject ID and condition as assigned in step
| above.
B. Have participant conplete I TQ on conputer 1.
1. Have partici pant answer questions.
2. |If participant should cone to you about any
heal th concerns, determine if concern
precl udes participant fromparticipating in
the experinent. If NO have partici pant
continue with questionnaire by pressing 1. If
YES, press 2 on conputer and thank the
participant for vol unteering.
C. Wien participant finishes the ITQ nove himto
conputer 2 for practice (step IV).

Medal of Honor Practice
A. Logon to conputer in the Miltinedia Lab.

1. Start MOHAA by doubl eclicking on the MOHAA
shortcut on the desktop (ensure MOHAA disc 1
is in the drive)

2. Press any button to exit the introduction
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B.

C.

Click on the wall map
1. Cick on the Basic Training clipboard.
2. Have the participant followthe DI’s
i nstructions.
Once the participant is finished with the tutorial,
go to step VI.

Bi ogr aph setup

moOm>»

n

o

Logon to conputer in side room
Doubl e click on the BioGaph 2.1 icon.
Adick on &
Cick on Load a Display Screen.
Under Categories, select Pilot Study (if not
sel ected) and then select Pilot Study under D splay
Screens. Cdick on Load.
Click on Start New.

1. Hi ghlight Thesis, Audio

2. Ensure battery is at least 30% If not,

repl ace batteries

Click on Start.
Once the session is over, click Stop (button wth a
bl ack square on it).
Click YES on the Do you want to save the recording
for client Thesis, Audio?

1. Enter sub#cond* for the description (where #
is the participant’s ID nunber and * is the
condi ti on nunber).

Press OK
3. Copy the session to our PhysData file
a. CGick on File in the nmenu bar
b. Select Load Session fromthe drop down
menu.
c. Hghlight the session you want to copy.
d. Cdick on the Copy Session to: button.
e. Type in C\PhysData in the Enter
destination for client data: dialog box

N

f. dick K
Ensure sensor cables on in the right port on the
ProConp+.

1. Port Al EKG
2. Port E: GSR
3. Port F. Tenperature
4. Port G BVP
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VI. Attach sensors to partici pant
A. Al sensors (except EKG go on the participants
| eft hand.
1. Tenperature sensor attaches to the
participant’s left pinky finger using the
Vel cro. The sensor should be on the pad of

the finger.
2. GSR sensors go on the participant’s mddle
finger.
a. One sensor is wapped around the base of
the finger.

b. One sensor is wapped around the next
joint up fromthe base.

3. BVP sensor goes on the participant’s thunb
with the decal pointing away fromthe thunb.
Use the two black elastic |oops to secure the
sensor on the thunb.

B. EKG cables attach to both forearns.

1. The bl ue connector goes on a pad attached to
the inside of the participant’s left wist.

2. The bl ack connector goes on a pad attached to
the participant’s forearmjust below the |eft
el bow j oi nt.

3. The yell ow connector goes on a pad attached to
the inside of the participant’s right wist.

VII. MOHAA Experinent setup
A. Logon to conputer.
B. Set the audio volune for the condition to be tested
1. Go to Start/Settings/Control Panel and click
on the Audi oHQ i con.
2. Cick on the M xer icon.
a. For the No Sound condition (condition 1)
check the nute box under the vol une
sl i der.
b. For the Speakers condition (condition 2),
ensure the follow ng settings on the
m xer panel :
1. Vol une: 45%
2. Bass: 75%
3. Al other sliders: 50%  (the
| ast two sliders in the panel
shoul d be nuted).
4. Cick on the Advanced node
button at the bottomleft of
the m xer window (if it is
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al ready i n advanced node, the
button will be | abel ed Basic
node) .

a. Set speakers to 5.1 speakers

c. For the Headphone without subwoofer
condition (condition 3), ensure the
followi ng settings on the m xer panel:

1. Volunme: 100%

2. Bass: 22%

3. Al other sliders: 50% (the
last two sliders in the panel
shoul d be nut ed).

4.Cick on the Advanced node
button at the bottomleft of the
m xer window (if it is already
i n advanced node, the button
w Il be | abel ed Basi c node).

a. Set speakers to Headphones

b. Turn off all the Genel ec
speakers including the
subwoof er .

d. For the Headphones w th subwoofer
condition (condition 4), ensure the
follow ng settings on the m xer panel:

1. Vol ume: 100%

2. Bass: 22%

3. Al other sliders: 50%  (the
|ast two sliders in the panel
shoul d be nuted).

4. dick on the Advanced node
button at the bottom | eft of
the m xer window (if it is
al ready in advanced node, the
button will be | abel ed Basic
node) .

a. Set speakers to Headphones
b. Turn off all the CGenel ec
speakers except the
subwoof er.
C. dick on the in/out box on the desk
1. dick on the Load/ Save trays.
2. Highlight “Oraha Beach — The Landing” with the
el apsed time of 0:05:52.
3. dick on Load.
D. Informthe participant not to press “Continue”
until told to do so.
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E. Start the video canera

1.
2.
3.

4.

Turn power button to Cam Corder

Ensure tape is | oaded

Ensure vi ew has both conmputer nonitor and
partici pant

Start the canmera just prior to the participant
starting the gane.

F. When the participant is finished, direct hinfher
back to the first conputer to answer the PQ

95



THI'S PAGE | NTENTI ONALLY LEFT BLANK

96



APPENDI X C. | NBRI EF SCRI PT

GENERAL:

The following intel brief was provided to each
participant prior to participation in this experinent. The
intel brief appears in the same format wused for the
experiment and does not follow the standard thesis format
utilized in this thesis.
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| NTEL BRI EF
Nor mandy | nvasi on
Omha Beach, Charli e Sect or

You are 2™ Lt. M ke Powell, 2"¢ Ranger Battalion, an integral
part of the Omaha Beach invasion of June 1944. You have nade it
past the open beach alive and are at the “shingle”. You are

required to retrieve bangal ores and bring them back to the
shingle to clear the wire. The bangal ores are off to your |eft
and a little towards the water. You will have to expose
yourself to eneny fire in order to retrieve the bangal ores, but
your battalion can’'t proceed w thout them

Once the wire is cleared, nake your way to the base of the
bunker. Once at the bunker, Capt. Schnuck will send two brave
soul s out to reach the trench at the base of the second bunker.
If they do not make it, you will have to do it. Between the
bunkers and the trench is a mnefield — choose your path
carefully, but quickly. On the hill between the bunkers are a
coupl e of nmachine gun nests that are waiting for you to get out
in the open.

Once you nmeke it to the trench, you nust infiltrate the bunker,
take it over, and take out the machi ne gun nests and second
bunker. Make your way through the bunker carefully. You never
know when you will run into a Nazi.
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APPENDI X D. CONSENT FORVB

GENERAL:

The forms in the appendix appear in the sanme format used
for the experinment and do not follow the standard thesis fornmat
utilized in this thesis. This appendi x consists of three
docunent s: Consent Form Mninmal Risk Consent Statenent, and
the Privacy Act Statenent. Each subject is required to read and

sign these docunents prior to participating in the experinent.
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PARTICIPANT CONSENT FORM

Introduction. You are invited to participate in a study exploring how sound affects the human
physiology. Thisresearchisaimed at improving sound systems in virtual environments. Y ou will be
playing a scenario in Medal of Honor: Allied Assault. After the scenario you will complete a presence
guestionnaire to indicate how present you felt in the environment. Y our recorded datawill be used in a
effort to determine if a person’s sense of presence is correlated with the body’ s physiological responses.

Background Information. Datais being collected by the Naval Postgraduate School’ s Human
System’s Integration Laboratory for use in developing virtual environments.

Procedures. If you agree to participate in this study, the researcher will explain the tasks in detail.
Auditory stimuli will be presented over different speaker configurations while visua stimuli are
presented over the same delivery means. Y ou will be connected to a computer viaajunction box and
severa wiresthat will be harmlessly attached your body. Y ou will use the mouse and keyboard to play
aMeda of Honor game scenario. The intent isfor you to play the game to the best of your ability. The
entire task will take approximately 30 minutes.

Risks and Benefits. Because this research involves minimal risks to individuas with cardiac risk
factors, we request that IF YOU CONSIDER YOURSELF AS SUCH, PLEASE INFORM THE
EXPERIIMENT ADMINISTRATOR AT ONCE, and NOT PROCEED ANY FURTHER. The
benefits to the participants will be to contribute to current research in advancing presence in virtual
environments and in humar-computer interaction.

Compensation. No tangible reward will be given. A copy of the results will be available to you at the
conclusion of the experiment.

Confidentiality. The records of this study will be kept confidential. No information will be publicly
accessible which could identify you as a participant.

Voluntary Nature of the Study. If you agree to participate, you are free to withdraw from the study at
any time without prejudice. Y ou will be provided a copy of this form for your records.

Points of Contact. If you have any further questions or comments after the completion of the study,
you may contact the research supervisor, Dr. Russdll Shilling (831) 656-2543 shilling@cs.nps.navy.mil.

Statement of Consent. | have read the above information. | have asked all questions and have had my
questions answered. | agree to participate in this study.

Participant’s Signature Date

Researcher’s Signature Date
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NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA 93943
MINIMAL RISK CONSENT STATEMENT

Participant:

VOLUNTARY CONSENT TO BE A RESEARCH PARTICIPANT IN: SOUND SYSTEM COMPLEXITY AND
ITSEFFECT ON THE USER’S SENSE OF PRESENCE IN A VIRTUAL ENVIRONMENT.

1. | haveread, understand and been provided "Information for Participants' that provides the details of the
below acknowledgments.

2. | understand that this project involves research. An explanation of the purposes of the research, a
description of procedures to be used, identification of experimental procedures, and the extended duration of
my participation have been provided to me.

3. | understand that this project does not involve more than minimal risk. | have been informed of any
reasonably foreseeable risks or discomforts to me.

4. | have been informed of any benefits to me or to others that may reasonably be expected from the
research.

5. | have signed a statement describing the extent to which confidentiality of records identifying me will be
maintained.

6. | have been informed of any compensation and/or medical treatments available if injury occurs and if so,
what they consist of, or where further information may be obtained.

7. | understand that my participation in this project is voluntary, refusal to participate will involve no penaty
or loss of benefitsto which | am otherwise entitled. | aso understand that | may discontinue participation at
any time without penaty or loss of benefits to which | am otherwise entitled.

8. | understand that the individual to contact should | need answers to pertinent questions about the research
is Professor Russell Shilling, Principal Investigator, and about my rights as a research participant or
concerning aresearch related injury is the Modeling Virtual Environments and Simulation Chairman. A full
and responsive discussion of the elements of this project and my consent has taken place.

Medical Monitor: Flight Surgeon, Naval Postgraduate School

Signature of Principal Investigator Date Signature of Volunteer Date

Signature of Witness Date
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PRIVACY ACT STATMENT

NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA 93943
PRIVACY ACT STATEMENT

1. Authority: Naval Instruction

2. Purpose: DETERMINE SOUND SYSTEM COMPLEXITY AND ITS EFFECT
ON THE USER’'S SENSE OF PRESENCE IN A VIRTUAL ENVIRONMENT

3. Use Physiological response datawill be used for statistical analysis by the
Departments of the Navy and Defense, and other U.S. Government agencies,
provided this use is compatible with the purpose for which the information was
collected. The Naval Postgraduate School in accordance with the provisions of the
Freedom of Information Act may grant use of the information to legitimate non-
government agencies or individuals.

4. Disclosure/Confidentiality:

a. | have been assured that my privacy will be safeguarded. | will be assigned a
control or code number, which thereafter will be the only identifying entry on
any of the research records. The Principal Investigator will maintain the cross
reference between name and control number. It will be decoded only when
beneficial to me or if some circumstances, which are not apparent at thistime,
would make it clear that decoding would enhance the value of the research data.
In all cases, the provisions of the Privacy Act Statement will be honored.

b. | understand that arecord of the information contained in this Consent Statement
or derived from the experiment described herein will be retained permanently at
the Naval Postgraduate School or by higher authority. | voluntarily agreetoits
disclosure to agencies or individuals indicated in paragraph 3 and | have been
informed that failure to agree to such disclosure may negate the purpose for
which the experiment was conducted.

c. | asounderstand that disclosure of the requested information is voluntary.

Signature of Volunteer Name, Grade/Rank (if applicable) DOB Date

Signature of Witness Date
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APPENDI X E. QUESTI ONNAI RES

GENERAL

The items in this appendix appear in the sanme formt
utilized for the experinent and thus do not conform to the
standard thesis format utilized in the <chapters of this
docunent . Thi s appendi x consists of two docunents: | mrer si ve
Tendencies Questionnaire (1TQ and a Presence Questionnaire
(PQ. The PQ is a conmbination of two previously used presence
guestionnaires (Wtner & Singer’s questionnaire and Slater’s

guestionnaire).
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Name Question Wording / File Name Answer Choices

Sleep How much sleep did you get last night? <2 hours 2-4 hours|4-6 hours|6-8 hours >8 hours |none |none
How many cups of coffee or caffeinated drinks have you had

Caffein today? 0 1 2 3 >3 none |none
What level of experience do you have with first person shooter

Gaming games? No experience Novice |Average |Experienced Expert none [none

Gender What is your gender? Male Female |none none none none [none

Age What is your age group? <25 26-30 31-35 36-40 >40 none [none

Hearing Do you have any significant hearing loss? Yes No none none none none [none

Level What is your level of hearing loss in dB? <5dB 5-10dB |10-15 dB|>15 dB none none [none
Do you have any health problems that may preclude you from

Medical participating in this experiment? Yes No none none none none |none

Concern Please inform the experimenter of your health concerns. Continue End none none none none [none

Movies Do you easily become deeply involved in movies or TV dramas? |[NEVER none none OCCASIONALLY none none [OFTEN
Do you ever become so involved in a television program or book

TvBook that people have problems getting your attention? NEVER none none OCCASIONALLY none none |OFTEN

Alert How mentally alert do you feel at this time? NOT ALERT none none MODERATELY none none [FULLY ALERT
Do you ever become so involved in a movie that you are not

MovAwar aware of things happening around you? NEVER none none OCCASIONALLY none none |OFTEN
How frequently do you find yourself closely identifying with the

Charact characters in a story line? NEVER none none OCCASIONALLY none none [OFTEN
Do you ever become so involved in a video game that it is as if
you are inside the game rather than moving a joystick and

VidGame watching the screen? NEVER none none OCCASIONALLY none none |OFTEN

FitToda How physically fit do you feel today? NOT FIT none none MODERATELY none none [EXTREMELY FIT
How good are you at blocking out external distractions when you

BlockOu are involved in something? NOT VERY GOOD none none SOMEWHAT none none |VERY GOOD
When watching sports, do you ever bec ome so involved in the

WatcGam game that you react as if you were one of the players? NEVER none none OCCASIONALLY none none |OFTEN
Do you ever become so involved in a daydream that you are not

DayDrea aware of things happening around you? NEVER none none OCCASIONALLY none none [OFTEN
Do you ever have dreams that are so real that you feel

Dreams disoriented when you awake? NEVER none none OCCASIONALLY none none [(OFTEN
When playing sports, do you ever become so involved in the

Sports game that you lose track of time? NEVER none none OCCASIONALLY none none |OFTEN
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Name Question Wording / File Name Answer Choices

Concent How well do you concentrate on enjoyable activities? NOT AT ALL none none MODERATELY none none [VERY WELL
How often do you play arcade or video games (Often should be

PlayVG taken to mean every day or every two days, on average)? NEVER none none OCCASIONALLY none none |OFTEN
Have you ever gotten excited during a chase or fight scene on

TvFight TV or in the movies? NEVER none none OCCASIONALLY none none |OFTEN
Have you ever gotten scared by something happening on TV or

Scared in the movies? NEVER none none OCCASIONALLY none none [OFTEN
Have you ever remained apprehensive or fearful long after

Fearful watching a horror movie? NEVER none none OCCASIONALLY none none |OFTEN
Do you ever become so involved in doing something that you

LosTack lose all track of time? NEVER none none OCCASIONALLY none none [OFTEN
You are done with the pre-questionnaire. Please inform the

End experimenter to continue with the next part of the experiment. none none none none none none |none

Control How much were you able to control events? NOT AT ALL none none SOMEWHAT none none [COMPLETELY
How responsive was the environment to actions that you initiated

Res-Env (or performed)? NOT AT ALL none none SOMEWHAT none none [COMPLETELY

Natural How natural did your interactions with the environment seem? NOT AT ALL none none SOMEWHAT none none [COMPLETELY

VisAsp How much did the visual aspects of the environment involve you?[NOT AT ALL none none SOMEWHAT none none |COMPLETELY
Consider your memory of being in the virtual environment. How
similar in terms of the structure of the memory is this to the

Slate5 structure of the memory of other places you have been today? [NOT AT ALL none none SOMEWHAT none none [VERY MUCH SO
How much did the auditory aspects of the environment involve

AudAsp you? NOT AT ALL none none SOMEWHAT none none [(COMPLETELY
How natural was the mechanism that controlled movement

Mechani through the environment? NOT AT ALL none none SOMEWHAT none none [COMPLETELY
How compelling was your sense of objects moving through

SensObj space? NOT AT ALL none none SOMEWHAT none none [COMPLETELY
When you think back on your experience, do you think of the
virtual environment more as images that you saw or more as SOMEWHERE

Slate3 somewhere you visited? IMAGES | SAW none none none none none [THAT | VISITED
How much did your experience in the Virtual Environment seem SOMEWHAT VERY

Consist consistent with your real world experiences? NOT AT ALL INCONSISTENT |none none INCONSISTENT none none [INCONSISTENT

| WAS ALWAYS

During your experience, did you feel like you were just sitting in SOMETIMES THE OVERWHELMED
the lab using a mouse to interact with a computer, or did the MOST OF THE TIME | BATTLEFIELD BY THE VIRTUAL

Slate6 virtual battlefield overwhelm you? REALIZED | WAS IN THE LAB|none none OVERWHELMED ME|none none |BATTLEFIELD
Were you able to anticipate what would happen next in response

Res-Act to the actions that you performed? NOT AT ALL none none SOMEWHAT none none |COMPLETELY
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Name Question Wording / File Name Answer Choices
How completely were you able to actively survey or search the
VisSur environment using vision? NOT AT ALL none none SOMEWHAT none none [COMPLETELY
To what extent were there times during the experience when the
virtual battlefield became reality for you and you forgot about the ALMOST ALL THE
Slate2 real world of the laboratory? AT NO TIME none none SOMETIMES none none [TIME
During the time of the experience, which was strongest on the
whole? Your sense of being on the virtual battlefield or being in |THE REAL WORLD (THE THE VIRTUAL
Slate4 the real world of the laboratory. LAB) none none none none none |ENVIRONMENT
IdeSoun How well could you identify sounds? NOT AT ALL none none SOMEWHAT none none [COMPLETELY
LocSoun How well could you localize sounds? NOT AT ALL none none SOMEWHAT none none [COMPLETELY
How compelling was your sense of moving around inside the MODERATELY VERY
SensMov virtual battlefield? NOT COMPELLING none none COMPELLING none none |COMPELLING
ExmObj How closely were you able to examine objects? NOT AT ALL none none PRETTY CLOSE none none [VERY CLOSE
ExObjVi How well could you examine objects from multiple viewpoints? |[NOT AT ALL none none SOMEWHAT none none [EXTENSIVELY
Rate your sense of being in the Virtual Environment (7
Slatel represents your normal experience of being in a place) NOT AT ALL none none SOMEWHAT none none [VERY MUCH
Involve How involved were you in the virtual environment experience? |[NOT INVOLVED none none MILDLY INVOLVED [none none [VERY INVOLVED
How much delay did you experience between your actions and MODERATE
Delay expected outcomes? NO DELAYS none none DELAYS none none |LONG DELAYS
How quickly did you adjust to the virtual environment LESS THAN ONE
AdjExp experience? NOT AT ALL none none SLOWLY none none [MINUTE
How proficient in moving and interacting with the virtual REASONABLY VERY
Profici environment did you feel at the end of the experience? NOT PROFICIENT none none PROFICIENT none none [PROFICIENT
How much did the visual display quality interfere or distract you SOMEWHAT PREVENTED
DispQua from performing assigned tasks or required activities? NOT AT ALL none none INTERFERRED none none |PERFORMANCE
How much did the control devices interfere with the performance SOMEWHAT GREATLY
ContDev of assigned tasks or with other activities? NOT AT ALL none none INTERFERRED none none |INTERFERRED
How well could you concentrate on the assigned tasks or
required activities rather than on mechanisms used to perform
Concen those tasks or activities? NOT AT ALL none none SOMEWHAT none none [COMPLETELY
Were there moments during the virtual environment experience
Comfoc when you felt completely focused on the task or enviroment? NOT AT ALL none none OCCASIONALLY none none [FREQUENTLY
Was the information provided through the different senses in the SOMEWHAT VERY
Inform virtual environment (e.qg. vision, hearing, touch) consistent? NOT CONSISTENT none none CONSISTENT none none |CONSISTENT
End2 This completes the experiment. Thank you for your participation. |none none none none none none [none
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Del |

APPENDI X F. EQUI PMENT SPECI FI CATI ONS

D nensi on 8100 (2 used):

CPU Intel Pentium 4 1.7GHz
RAM 256MB
Hard drive 60GB

Operating System

Windows 2000

Alienware Majestic 12 (1 used):

Genel

Genel

CPU Intel Pentium 4 1.8GHz
RAM 512MB

Hard drive 40GB

Operating System Windows XP

ec 1031A Bi-anplified Speaker (Five used):

Free field frequency response of system:

48 Hz - 22 kHz (+ 2 dB)

Harmonic distortion at 90 dB SPL @ 1m on axis:

Freq: 50...100 Hz <1%
> 100 Hz < 0.5%
Drivers:

Bass 210 mm (8") cone
Treble 25 mm (1") metal dome
Bass amplifier output power with an 80hm load: 120 W
Treble amplifier output power with an 80hm load: 120 W

Long term output power is limited by driver unit protection circuitry.

Signal to Noise ratio, referred to full output:

Bass > 100 dB
Treble > 100 dB

ec 1094A Active Subwoofer System (1 used):

Free field frequency response of system (x 2.5

dB): 29 - 80 Hz
Harmonic distortion at 100 dB SPL @ 1m on axis < 3%
in half space (30...100 Hz):

Drivers: 385 mm (15")
Short term amplifier output power: 400 W (8 Ohm)
Signal to Noise ratio, referred to full output: > 100 dB
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Sennhei ser Headphones nodel

570HD (1 pair used):

Frequency Response 18 - 22000 Hz
Weight w/o cable ca.210g
Design Open

CEL Instruments CEL-231 Digital

Sound Survey Meter

Range Low: 30-100dB
High: 65-135dB
Accuracy + 1dB

Last calibration

THX™ 6/21/00

Thought Technol ogy Physi ol ogi cal

ProConp+ Encoder (SA7008P)

Sensors:

Size (approx.)

81mm x 127mm x 30mm (3.2” x 5.0” x

Weight (approx.) 200g (6.602)
Channel Bandwidth (A, B) OHz — 40Hz
Channel Bandwidth (C, D, E, F, G, H) OHz — 5Hz

Sample Rate/Channel (A, B)

20 - 256 samples/second

Sample Rate/Channel (C, D, E, F, G, H)

20 - 256 samples/second

Supply Voltage

3.0V - 6.5V

Low Battery Warning

3.2V 0.2V

Current Consumption

40mA — 80mA @ 6.0V

Accuracy

+5%

Data Output Protocol

19.2 Kbaud, 8 Bits, 1 Stop, No Parity

Battery Life (Alkaline)

18 to 20 Hours (minimum)
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Skin Conductance Fl ex/Pro Sensor (SA9309M
Size without electrode leads (approx.) 3.5cm (1.4
Size with electrode leads (approx.) 15 cm (6.0")
Cable Length (approx.) 127 cm (507)
Weight (approx.) 259 (102)
Signal Input Range 0-30.0 nB
Accuracy 5% and +0.2 n&

HR/ BVP Fl ex/ Pro Sensor

( SA9308M)

Size (Approx.)

20mm x 34mm x 10mm (0.72” x 1.33” x 0.41")

Weigh 20g (0.66 02)

Input Range Unitless quantity displayed as 0% — 100%

Accuracy +5%
Tenperature Sensor (SA9310M

Length (Approx.) 152cm (60)

Weight

10g (0.33 02)

Temperature Range

10°C - 45°C (50°F — 115°F)

Accuracy

+1.0°C (+1.8°F) 20°C — 40°C (68°F — 04°F)

MyoScan Pro EME EKG Sensor (

SA9401M)

Size (Approx.)

37mm x 37mm x 15mm (1.45" x 1.45" x 0.60”"

Weight

25g (1 02)

Input Impedance

1,000,000MW in parallel with 10pF

Input Range 0-400nV, 0 — 1600V
Sensitivity <0.1MVgms
Bandwidth 20Hz — 500Hz
Accuracy +5%, +0.3nV
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Canon VRC25 Vi deo Caner a:

Television system

EIA standard (525 lines,60 fields
NTSC color signal

Video recording system

2 rotary heads,
helical scanning system DV system
(Consumer digital VCR SD system)

Digital component recording

Television system

EIA standard (525 lines,60 fields
NTSC color signal

Video recording system

2 rotary heads,
helical scanning system DV system
(Consumer digital VCR SD system)

Digital component recording
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