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ABSTRACT

Research on animals has shown that injections of
adrenalin paired with a | earning experience inproved nenory
retention. Adrenalin is a key hornone in enotional arousal
and fight or flight responses. It stands to reason that
enotional arousal (in noderation) may al so have a positive
i npact on hunman | ear ni ng. The purpose of this thesis was
to investigate the inpact of enotional arousal on |earning
in virtual environnents. An experinent was conducted to
observe learning differences in a |ow-arousal condition and
a high-arousal condition. A first-person shooter videogane
(Amrerica's Arny: Operations) was used as the virtual
envi ronnment. In the lowarousal condition, participants
wandered peacefully through a scenario nenorizing objects
they encountered. Hi gh-ar ousal partici pants wandered
t hrough the sane environnment, but were required to fight
t hrough the scenario while under attack. Results indicated
that individuals in the high-arousal condition perforned
better on recall tasks imediately following the exposure
and al so 24 hours |ater.
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. 1 NTRODUCTI ON

Training is often considered a core conmponent of the
United States Arned Forces. Historically, the mlitary has
been on the forefront of developing high-end trainers and
si mul at ors. However, wth the recent revolution in
I nexpensi ve conputing hardware and software, the mlitary
has had to rethink its training nmethodol ogy. In its
efforts to mnimze expenditures, the mlitary has either
devel oped prograns wthin the services to evaluate and
i ncorporate comercial off-the-shelf (COIS) hardware and
software for use as training tools, or has aligned itself
with the private sector to develop new training tools and
nmet hods.

For exanple, in 1999, the Departnent of Defense and
the US. Arny Sinulation, Training, and Instrunmentation
Command (STRI COM, teamed up wth the entertainnent
industry and established the Institute for Creative
Technol ogi es (1CT) at t he Uni versity of Sout hern

Cal i f orni a. In doing so, the mlitary made known its
willingness to change its focus from conducting training
via traditional nethods (e.g., classroons, simulators,

etc.) to the newer, nore cost-effective nmeans offered by
vi rtual envi ronnment (VE) trainers. ICT has been
established to conmbine entertainnment techni ques and
technology to create synthetic experiences so conpelling
that participants react as if these experiences are
conpl etely real [ MACE 00].

Wth such focus generated by the mlitary on virtual
environnents as “tools for training”, this thesis
investigates the role enotional arousal plays in enhancing

1



a trainee’s nmenory for events that occurred during training

in a virtual environnent.

A TRAI NI NG | N VI RTUAL ENVI RONMVENTS

Mlitary training using instrunments that mmc reality
can be traced back to the use of sinmulators built by the
Li nk Conpany in the late 1920's and 1930's. These trainers

| ooked like sawed-off coffins nounted on a pedestal, and
were used to teach instrunment flying (See figure 1). The
darkness inside the trainer’s <cockpit, the realistic
readings on the instrunent panel, and the notion of the

trainer on the pedestal conbined to produce a sensation
simlar to actually flying on instruments at night. The
conpany built 6,271 trainers for the Arny and 1,045 for the
Navy. In 1945, an AT-6 training airplane cost nore that
$10 per hour to operate. The Link Trainer cost $.04 cents
an hour [KOHA 00]. As opposed to live flight training
involving actual aircraft, no pilot was ever injured or
killed in the "crash" of a Link Trainer. The Link trainers
were very effective tools for their intended purpose,
teaching thousands of pilots the night flying skills they
needed before and during World Var |1



Fi gure 1. MAPS Air Museumi s Link G 3 Trainer
Photo © Gary Haught

Fast forward to today’s “conputer age” to see how the
mlitary’s notto of “train like we fight, fight like we
train” can be put into action w thout incurring significant
fiscal cost or, nore inportantly, endangering human life.
For exanple, the Naval Air Warfare Center Training Systens
Division (NAWCTSD) is currently developing the Milti-
Pur pose Supporting Arns Trainer (Milti SAT). The Ml ti SAT
is being designed to provide a joint standardized nethod
for instruction in the enploynent and techniques of Naval
Surface Fire Support (NSFS), tactical air, and field
artillery support in expeditionary operations. These are
the benefits of such a trainer as seen by NAWCTSD:

The Joint Forward Air Controller comunity

estimates that operational and maintenance costs

could be reduced by 50% by acconplishing many
cl ose air support coordi nation and pi | ot

3



proficiency training via a synthetic training
environment. Additionally, MiltiSAT would reduce
the amount of |ive ordnance required to train
forward observers/spotters due to increased
profici ency. The ability to provide redundant
virtual training will reduce the student "live-
fire" training phase. MitiSAT's interoperability
capability would provi de users a virtua
environnment to train as an integrated firing
t eam The enhanced communication training wll
further sharpen the various firing team skills
and reduce the amount of repeated fire missions
needed to qualify all nmenbers of the firing team
This inproved proficiency would directly reduce
training tinme and inprove conbat r eadi ness
t hroughout DOD [BI LB 02].

Anot her exanpl e of the Navy capitalizing on technol ogy
can be found in research projects currently funded by the
Ofice of Naval Research (ONR). The devel opnent and
i npl enmentati on of systens |like these lowers training costs
and | essens the possibility of personnel being harnmed. On
the other hand, having to “run” these sinmulations
repeatedly in order for individuals to gain the desired
know edge and proficiency incurs the wunrealized cost of
time — time which could be better wutilized in either a
prof essional or personal situation. The extra tinme an
i ndi vidual spends in redundant exposures to training
simulations can be mnimzed if the material being taught

can be | earned nore quickly by the trainee.

Training systens in use today often |ack the enbtiona
context present in real world environnents. These systens
are created to mnimze costs associated wth training
(realistically) in the field. Mor eover, the designers of

such VEs concentrate their efforts on imersing the



trainees by wusing visually stunning graphics that 1.)
depict the actual device/ nmechanism extrenely well, and 2.)
i npl ement interactive, 3-dinensional pedagogical agents
(see figure 2).

Fi gure 2. Col | age of “Training Studio” software
devel oped by Lockheed Martin [ LOCK 99].

The om ssion of enotional arousal in the design of
t hese VEs nmay be reducing the effectiveness of the training
bei ng conduct ed. Research using rats, discussed in detail
in the next chapter, has shown that enotional arousal
(particularly fear) regulates long-term nmenory storage
[CAH 98, MCGA 96, VIAN 01]. As such, this research
investigates the plausibility that enotional arousal (in
this case stress) in humans could serve as one possible



nmethod for transferring material taught in a virtua

environment to |ong-term menory storage.

B. HUVAN MEMORY AND EMOTI ON

Briefly, there are three areas of interest wth
respect to conducting experinents on nenory functioning:
encodi ng, retention interval (or consol i dati on) and
retrieval [LOCK 00]. These phases |ay the foundation for
this research as the experinent presented here attenpts to
enhance nenory by arousing enotion while participants
conduct a nenorization task in a virtual environnent.
Enot i onal arousal Is wused as the enhancer in this

experi ment because research suggests its inportance in

facilitating nenory storage. In one of the earliest
exanples linking enotion and nenory, Stratton (1919)
descri bed the unusual degree of vividness and detail for

menories of enotional events, such as autonobile accidents
and earthquakes. Referring to hypermmesial for events
experienced during a period of enotional excitenment,
Stratton noted that ‘‘the person recalls in alnost
phot ographic detail the total situation at the nonent of
shock, the expression of face, the words uttered, the
position, garments, pattern of carpet, recalls them years
after as though they were the experience of yesterday’’
[ CAHI 96] .

Research has shown that there are many nechanisns in
the human body (especially the brain) that regulate
enotional arousal and also regulate nmenory storage. These

mechani sns  include the anygdala, the hippocanpus, the

1 Exceptionally exact or vivid nenory, especially as associated with
certain nmental illnesses [ AMER 00].
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endocrine system and their intricate interaction. Thi s
group of structures is collectively know as “the linbic
| oop” and regulates both nenory storage and enotion [LEDO
96] .

Accordi ngly, engaging trainees enotionally during
virtual environnent training sessions could theoretically
produce better retention of the material being taught.
This research attenpts to manipulate the enotional state in

i ndividuals in order to enhance the encodi ng process

C. RESEARCH OBJECTI VES

The research presented here will focus on tapping this
dual role of linmbic structures to inprove nmenory retention
for training. If it can be determ ned that inducing

stress, a conponent of enotion, enhances nenory, then
devel opers of training systems could incorporate ways to
t ake advantage of those nechanisns to enhance recollection

of what is learned in the virtual environnent.

In humans, stress is either internal or external and
can be either acute (short-term) or chronic (long-term
For the purpose of this experinment, the researcher is
attenpting to induce the acute, internalized variety. This
type of stress is the reaction to an inmediate threat,
commonly known as the fight or flight response. And
because this threat can be any situation that is
experienced, even subconsciously or falsely, as a danger,
its use here is particularly relevant. Consequent |y,
participants were assigned one of two conditions, either
stress or no stress, and subsequently tested to determ ne

whi ch condition recalled nore i nformati on.



The scenario was set-up in an unreleased |evel of the
PC-based video game Anerica's Arnmy: Operations. In
addition to the gane offering the researcher state-of-the-
art video graphics and sound, the ganme was devel oped and
designed in-house in the MWES Institute and could be

easily nodified for the researcher’s needs.

D. THESI S ORGANI ZATI ON

This thesis is organized into the follow ng chapters:

Chapter |I: I ntroduction. This chapter

provi des a general outline of the thesis. It

di scusses the increasing use of virtual
environnents by the mlitary for the purposes of
training. It lays the foundation and notivation
behind this research.

Chapter I1: Background. This chapter del ves
into the extensive research that has been
conducted and is currently being perfornmed with
respect to nenory function and storage, both in
humans and i n ani mal s.

Chapter 111: Met hod. This chapter describes
t he experinent and the two conditions
adm ni stered to the participants

Chapter 1V: Anal ysis and Discussion. This
chapter contains the results of the experinment in
context of the hypothesis and assunptions used in
conducting the experinent.

Chapt er V: Concl usi ons and Reconmendati ons.
This chapter provides an overview of the
experiment, the conclusions, and reconmends
future followon work in this area of research

Appendi ces:
A. Raw Dat a
B. Experi nent Protoco
C. Consent Forns
D. M ssion Brief

8



E. Map of Route
F. I mredi ate Recal | Test
G. Del ayed Recal | Test
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1. BACKGROUND

A. VI RTUAL ENVI RONMENT TRAI NI NG

The mlitary has historically been at the forefront in
devel opi ng hi gh- end trainers and si nmul ators.
Unfortunately, with the recent revolution in inexpensive
conputing hardware and software coupled with a reduction in
training budgets, the mlitary has had to rethink its
trai ni ng nmet hodology. In doing so, the mlitary has either
devel oped prograns within the services to evaluate and
i ncorporate comercial off-the-shelf (COIS) hardware and
software for use as training tools, or has aligned itself
with the private sector to develop new training tools and
nmet hods. As an exanple of the fornmer, the Chief of Naval
Education and Training has |aunched the M cro-Sinulator
Systens for |mmersive Learning Environments (M SSILE) with

the followng initiative:

“...rapidly identify and apply comercial PC
gaming and sinulation technologies to the
devel opnent of selected skills and to encourage
and inprove tactical thinking. The intent is to
inmprove learning at very low costs by applying
the products and economics of the large
commercial gamng and sinulation nmarket in a
| earning context. [MCR 02]"

This project will evaluate ganes that enhance surface
and undersea warfare tactical thinking and will explore the
use of flight simulation prograns for tactics devel opnent,
si tuati onal awar eness, and m ssi on pl anni ng for
undergraduate pilot training and initial rotary w ng

training.

11



In regards to the mlitary’s shift in training by
aligning itself with the private sector, in 1999, the
Departnment of Defense and the US.  Arny Sinulation
Training, and Instrunentation Command (STRICOM, teaned up
with the entertainment industry and established the
Institute for Creative Technologies (ICT) at the University
of Southern California. The I CT was established with the
fol |l owi ng mandat e:

“...to enlist the resources and talents of the

entertai nment and ganme devel opnent industries and

to work collaboratively with conputer scientists

to advance the state of imersive training

si mul ati on. The goal of the ICT is the creation

of the Experience Learning System (ELS), which

provides the ability to learn through active, as

opposed to passive, systens. In addition to
specific mlitary training tasks, the ELS wl|

have appl i cations for a broad range  of
educational initiatives” [INST 02].

This thesis investigates two particular facets of the
“state of imrersive training” simulation - nmenory and
enoti on. Can these facets be manipulated in virtual
training environments? |If so, what is the factor or set of
factors that should be included, nonitored and/or enhanced
to ensure a satisfactory product (i.e. wel | -trained
soldiers and sailors)? Mre to the point, what can be done
to or wthin the virtual environnent to enhance the
recollection of what 1is learned during the training
sessi on? The experinent presented in this thesis is an
observation of the effects on human nenory when enotionally
aroused.

12



B. MVEMORY

In order to lay the foundation for understanding the
experinment presented in this thesis, prior research and
wor ki ng definitions for various aspects of nenory & enotion
will be summarized.

1. Types of Menory

Menory has been studied, researched, classified and
categorized by countless varying theories. For the purpose
of presenting this thesis’ experinent, the researcher wll
focus on nodels of nmenory hypot hesi zed by Endel Tul ving.

In 1972, Tulving introduced to psychol ogi sts
the distinction between episodic and semantic
menory. An episodic nmenory is about a specific
event that occurred at a particular tine and
pl ace, such as your nmenory of getting a traffic
ticket or observing a car accident. In contrast,
semantic nmenmory is the ‘nental t hesaur us,
organi zed know edge a person posses about words
and other verbal synbols, their neaning and
referents, about relations anong them and about
rules, fornulas, and algorithnms’ for manipulating
t hem [ BONE 00].

Table 1 (below) lists characteristics and classifies the
concepts of these characteristics as either episodic or
semantic (often collectively called “declarative” nenory).
O primary concern in this research is the concept of

epi sodic nmenory. As such, the reader should view the

remai ning definitions and explanations in this |ight.

13



Tabl e 1. Depi ction of Tulving s distinction
bet ween Menory Types.

Characteristic Episodic Memory Semantic Memory
Sour ce Sensation Comprehension
Units Events Facts, Ideas
Organization Temporal Conceptua
Reference Sdf Universe
Registration Experiential Symboalic
Temporal Present Absent

Affect More affect Less affect
Vulner ability More chance of disruption Less chance of disruption
Access Deliberate Automatic
Queries Time? Place? What?
Reports Remember Know
Development Later inlife Early inlife
Amnesia Affected Unaffected

2. Definition of Menory

Menory has nunerous definitions and can be classified
into many types. Endel Tulving stated that the term nenory
can represent a nunber of different concepts.

Anmong the nore frequently occurring neani ngs
of ‘menory’ are (1) nenobry as a neurocognitive
capacity to encode, store, and retrieve
information; (2) nenory as a hypothetical store
in which information is held; (3) nenory as the
information in that store; (4) nenory as sone
property of that information; (5) nenory as a
conponenti al process of retrieval of t hat
i nformation; (6) nmenory as an individual’s
phenonenal awareness of renenbering sonething
[ TULV 00] .

14



In general, though, and in keeping within the scope of this
thesis, the researcher’s working definition of nenory is
the storing of learned information, and the ability to
recall information which has been stored. It has been
hypot hesi zed [BOWAE 00] that +three processes occur in
remenberi ng:

1. Perception and registering of a stinmulus, or
encodi ng
2. Tenporary rmaintenance of the perception, or

short-term nenory, and l|asting storage of the

perception, or |long-term nenory, and
3. Retrieval .

These processes are highly <correlated wth the three
accepted phases defined and used in nenory experinents:
encoding, retention interval (or storage), and retrieval
(or test phase) [LOCK 00]. The follow ng sections discuss
t hese processes and phases in detail.

3. Processes of Menory

Menory can be broken down into three basic processes
or functions: encodi ng, short-term or long-term and
retrieval (see figure 3)

15
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ol Retrieval
Spatial
% —
Encoding N\
(Learning and training) —— Storage

Long-term memory
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organization, mental models

Fi gure 3. Represent ati on of human nmenory
functions (From [WCK 00]).

a. Encoding

The depiction of this process in figure 3
describes the “placing of things” into a nenory system
According to Wckens, this function can take two forns:
encoding into working nenory, or transferring information
from working nenory into long-term nmenory [WCK 00]. The
ternms he uses in the figure, learning and training, refer
to the transfer of information fromthe short-termstore to
the long-term store. Learning describes how the
information transfer occurs, whereas training refers to
explicit, intentional techniques used by designers and

teachers to maxi m ze |learning efficiency.
16



b. Storage

@ Short-term Menory

Short-term nenory (often called “working”,
“Imrediate” or “list” nenory) is the system used to
remenber information “in use,” such as a tel ephone nunber
while one is dialing it. Researchers of short-term nenory
(STM form two schools of thought: one proposes a nodel
that utilizes a unitary store to house information [BADD
00], and another proposes a nulti-conponent system that
utilizes storage as a part of its function of facilitating
conpl ex cognitive activities such as | ear ni ng,
conprehendi ng, and reasoning [BADD 00]. At ki nson and
Shiffrin devel oped a nodel, known as the nodal nodel, to
represent STM
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Fi gure 4. Atkinson & Shiffrin s (1968)
i nfluential nodel of Short-term Menory (From
[ BADD 00]) .
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The nodel (figure 4) purports that information cones in
from the environnent through a parallel series of sensory
menory systens into a l|limted-capacity short-term store
(STS), which forns a crucial bottleneck between perception
and long-term nmenory (LTM) or long-term store (LTS).
Baddel ey and Hitch proposed that the concept of a single
unitary STM be replaced by a multi-conponent system (see

figure 5).
Central
Visuo-spatial executive Phonological
sketch pad loop
-5
T
Fi gure 5. The Wbr ki ng Menory nodel proposed by

Baddel ey & Hitch (1974) (From [BADD 00]).

This system was assuned to be controlled by a limted-
capacity attentional system called the central executive

The <central executive had two slave subsystens; the
phonol ogi cal | oop, concerned wth storing acoustic and
verbal information, and the visuo-spatial sketchpad, its

vi sual equival ent. Though this latter concept nay not be
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universally accepted, it does put forth the theory that STM
is a conplex association of specialized storage systens

integrated by sone sort of “executive controller.”

2 Long-term Menory

Long-term nenory investigation can be traced
back to the work of Hernmann Ebbi nghaus in 1885. He set out
to investigate the formation of novel associations using
controll ed systematic experinments with careful neasurenents
of his own | earning. He eased the problem of neasuring
menory by studying the rote |learning of neaningless
material (BOWE 00). He invented the notion of nonsense
syl lables (like DAX, QEH) because they were neaningless,
and t he simlarity of their cont ent woul d not
differentially affect the process of |earning [BOAE 00].
Addi tionally, he used these nonsense syll abl es because they
were difficult to renmenber and easy to forget since they
had no intrinsic neaning. The task he used on hinself is
called serial learning, an analog of |earning the al phabet
or learning to put letters in sequence to spell a word:
the subject learns to output in a specified order a snal
set of tenporally ordered, discrete itens (letters,
nonsense syllables, witten or spoken words, pictured
obj ects, sentences). However, this approach to human

menory has been strongly criticized, notably by Sir Fredric

Bartlett in the 1930's (BADD 97). Bartlett clains
Ebbi nghaus’ approach ignores the crucial role of meaning in
menory. For nmenory in everyday life is rarely based on
rote retention of detail — it relies heavily on renenbering

the neaning of a passage, a conversation, an event, and/or

its context. Consequently, the role of meaning in nenory
20



takes into account the learner’s participation as an active
organi zer of wmaterial. For instance, if an individual
learns a list of words that happens to contain a nunber of
animal nanmes, he or she will tend to recall the aninal
nanes in a cluster, even though he or she originally heard
them scattered throughout the 1list. It is this role of
“meaning in nmenory”, or what this researcher previously
referred to as nechanisns, that this research tries to
exploit.
C. Retrieva

Retrieval, as it pertains to the processes of
menory, refers to an individual’'s ability to access (or the
process of accessing) information in menory, and not
necessarily how the information is requested. The how wil|
be discussed in the retrieval subsection of the "Phases of

a Menory Experinent” section.

4. Phases of Menory Storage and Retrieval

The three stages of nenory storage and retrieval can
be described as foll ows:
a. Encodi ng

A vast body of nenory research has focused on the

processing that occurs in the encoding (studying) phase of

an experienced event. Various nethods exploit the fact
that such encoding wll be jointly determned by three
broad factors: i nduced cognitive state, task demands, and

the nature of the stinulus material [LOCK 00].
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@ | nduced cognitive state

There are two promnent exanples of this
type of factor that are ainmed at influencing the encoding
process: proactive interference (Pl) and nanipulation of
the current nental state of participant

(a) Proactive Interference (Pl): P

occurs when an activity engaged in prior to encoding the
material to be renenbered disrupts its retrieval. Pl is
best illustrated in the verbal studies perfornmed by Keppel
and Underwood in which subjects were given a series of
three Brown- Peterson2 trials, one after the other. On each
trial they were to recall three consonants after counting
backward by threes. What Keppel and Underwood found is
that regardl ess of the retention interval, there was

virtually no forgetting on the first trial (see figure 6).

2 |n the 1940's nenmory |loss was widely considered to be the result of
new i nformation interfering with previously |earned information. 1In
the late 1950's two groups of researchers (one named Brown and a
husband and wi fe team named Peterson) published data that forced a new
interpretation of human menmory. These researchers devel oped a nenory
task in which the participant viewed a trigram of consonants (e.gqg.

CGKT, WCH,...) and then performed a nunber of al gebraic conputations
(e.g., counting backwards by 3's) for |less than 20 seconds. The data
showed that recall of the trigramwas less likely as the participant
wor ked on the al gebraic conputations for |onger durations [LOCK 00].
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Fi gure 6. Proportion correct in free recall as a
function of the nunber of trials for retention
intervals of 3, 9, and 18 s (from [KEPP 62]).

Forgetting did occur on later trials, and the I|evel of
forgetting increased wth |longer distracter intervals.
Their results can be explained by proactive interference,

in which nenory for earlier events interferes with nenory

for later events [KEPP 62]. (Incidentally, interference in
the other direction, in which nmenory for later events
interferes with nenory for wearlier events, is called

retroactive interference). The idea is that nenory for the
consonants presented on Trial 1 interfered with nenory for
t hose presented on Trial 2, and so on.

(b) Participant’s Mental State: The
ot her type of factor ainmed at influencing the encoding
process involves the nmanipul ati on of the current nental
state. The participant’s nood at the tine of encodi ng has
been mani pul ated t hrough various neans, including reading
passages, seeing filmclips, or listening to nusic, al

ai mred at depressing or elating the participant’s nood [ El CH
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95]. (O her experinments have mani pul at ed arousal |evel,
al cohol and marijuana intoxication, and so forth.

2 Task demands

There are generally two ways of manipul ating
a participant’s task demands in a nenory experinment. The
intention here is to place a sufficient load on the
participant’s cognitive ability such that his processing
capacity will be reduced. In a typical nenory experinent,
subjects are instructed to “study” or “attend to” the
events they are about to experience for the purpose of a
subsequent test of their nenory of those events. The
nature of this nmenory test may or nmay not be explained to
the participant. |In either case, such instructions (tasks)
that warn participants of a future test, often referred to
as “intentional” instructions, place a cognitive load on
t he participant. Anot her wel | -known and often used nethod
for mani pulating task demands is to require the participant
to engage in an independent secondary task while studying
the material to be renmenbered.

3 Stinmulus nateri al

Varying the nature of the material to be
remenbered has proven to be another factor in the
mani pul ation of the encoding process. A broad distinction
has been nade between verbal and nonverbal nmaterials, but

much finer distinctions have been drawn wthin these

domai ns. Wthin the broad class of verbal materials,
menory experinments have wused digits, letters, words,
sentences, paragraphs, and |onger prose passages. VWhat ' s

nore, various attributes of words have been studied as
wel |l : frequency, length, form class, and concrete versus

abstract, to nane only the npbst comon. In the domain of
24



nonverbal materials the nmajor areas of research have been
menory for pictures, faces, geonetric forns, notor skills,

odors, and perfornmed actions [LOCK 00]. The breadth and
depth of the vast research wth respect to stimulus
material is not nmerely to catal ogue the properties of the
menory systens as they apply to each of these nmaterials

but rather to illumnate a general theory of nenory by
exploiting the pattern of simlarities and differences that

are observed as nmaterials are vari ed.

b. Ret enti on | nterval

For this phase of a nenory experinent the two
maj or conditions of interest have been the duration of the
retention interval and the nature of the events that occur
during this interval. The former is straightforward and
needs little explanation except to note that fornmal studies
of nmenory have used retention intervals ranging from zero
seconds to at |east 50 years [LOCK 00]. Less obvious, and
less inportant with respect to this thesis, are nethods
concerned with inpact of events that occur during this
i nterval. There are generally two such nethods: one is
aimed at rehearsal prevention and the other is the
systematic nmanipulation of the type of event occurring
within the interval. Nei ther of these conditions factor

into the conduct of the experinment of this thesis.

C. Retri eval

This phase can be characterized by the

“instructions” the experinenter gives the participants with
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respect to renmenbering (i.e., either an inplicit or an
explicit renenbering task). Inplicit tests are those in
which nmenory is revealed in the absence of any instructions
to renmenber, possibly w thout the subject being aware that
a form of remenbering has occurred. An exanple of a test
used to investigate inplicit nmenory is word-fragnent
conpl etion. Subjects are shown a word fragnent such as _ r
~c o _ | _ and asked to state the word of which it is a
fragment (crocodile). Participants would have been
previously presented with a list of words with instructions
to perform sone inplicit task, such as judging the word on
sone attribute. Following the retention interval,
participants are given a series of word fragnents; sone are
fragnments of words previously shown, others of words not
previously shown. The measure of inplicit renenbering is
the degree of superiority of fragnent conpletion for
previously presented words over words not previously
presented [LOCK 00]. The general idea being that the
participant is unaware of the nenorizing that is actually
taking place (i.e., the participant is led to believe that
the task is for sonme purpose other than the eval uation of
menory) .

Conversely, explicit tests entail a conscious
effort to fulfill the instructional demand to renenber.
Participants are given clear instructions that they should
try to remenber the material to be presented. Vari ous
explicit nmenory tests can be characterized in terns of the
type and armount of information (retrieval cues) available
at the tinme when retrieval is attenpted. Hence two broad
categories are wused to define explicit nenory tests:

recognition and recall. In recognition tests, participants
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are presented with a replica of the previously presented
mat eri al so that the experinenter-provided retrieval
information can be thought of as a “copy cue” [TULV 83].

Recal | tests require t he partici pants to pr oduce
information stored in nenory. These tests can be divided
into three categories: cued, serial, and free recall. Cued
recall tests wusually involve tasks in which participants
are presented with a cue and are then required to recall an
item associated with that cue. The cues are described as
intra-list cues and extra-list cues. Intra-1ist cues
appear along with the target item during the encodi ng phase

of the experinment, whereas extra-list cues do not.

In serial recal | tests, partici pants are
instructed to recall itenms in the order in which they are
present ed, whereas in free recall (di scussed Dbel ow)
participants are instructed to recall itens in any order

t hey choose. An exanple of the serial recall tests is the
classic digit-span test. Participants are asked to read a
sequence of nunbers and immediately asked to recall the
sequence in the sane order. Digit span, then, is the
maxi mum list length that can be correctly recalled. There
are two phenonena related to this type of recall (and free
recall): primacy effect and recency effect. An
explanation of these terns is included in the free recall
descri ption bel ow.

In a free recall t ask, following the
presentation of a set of discrete experiences, participants
are asked to recall themin any order that they choose. If
the participants recall attenpt is allowed to begin
imrediately after the material has been presented, then the

recall levels will vary according to the serial position of
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the item when presented. A frequent finding in free recal

(and in serial recall) is that itenms presented at the
beginning (“primacy”) and end (“recency”) are typically
recalled earlier and nore often than itens presented in the
mddle [OHM 16]. As a performance neasure, therefore, the
nunber (or proportion) of items recalled is an aggregation
(or aver agi ng) over recal | scores that may  vary
systematically with the serial positioning of the itens
presented [ohm 130]. The wusual interpretation of the
recency effect is that the higher recall level of |Iast-
presented itenms reflects the output of the contents of
wor ki ng or short-term nenory. Thus, one nethod of renoving
the recency effect from the response neasure is to delay

recall [ohm 50].

C. EMOTI ON
1. Definition of Enotion
Enotion is the subjective, internal experience (by an
i ndividual) of a group of biological reactions arising in
response to sone situation. For instance, there is an
affective response (sadness, anger, joy), a physiological
response (changes in internal bodily functioning), a
cognitive response (an interpretation of the situation),
and possibly a behavioral response (an outward expression).
Over the last century, psychol ogically-based theories have
provi ded i nfluential expl anati ons of how enoti onal
experience is produced. The Janes-Lange Approach proposes
t hat consci ous concl usi ons about what we are "feeling" form
in reaction to physiological changes occurring in the body
(see figure 7). The Cannon-Bard Approach proposes that the
| ower brain initially receives enot i on-produci ng
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information and then relays it sinmultaneously to the higher
cortex for interpretation and to the nervous system to
trigger physiol ogi cal responses [LEDO 96] (see figure 7).

Stimulus i
nerceived ,
= - “James-Lange 'k

5 theory i i

- —
! Emotional expression
rsomatic, visceral respaonse)

Cannon-Bard

theory
Sensory Emotional experience
stimulus ffear) £ o
Fi gure 7. Conmpari son of the Janes-Lange and
Cannon-Bard theories of enotion (From [ HEAL

02]) .

Yet another approach, the Schacher-Si nger Approach, gives
hi ghest inportance to the cognitive skills that create an
interpretation of the situation and so provide a franmework
for the individual's behavioral response [LEDO 96]. In
ei ther case, the feeling conponent of enotion enconpasses a
vast spectrum of possible responses. Psychol ogi sts have
attenpted to offer general classifications of these
responses, and as with the color spectrum systematically
di stingui shing between them | argely depends on the |evel of
preci sion desired. One  of t he nost i nfluenti al
classification approaches is Robert Plutchik's eight
primary enotions - anger, fear, sadness, disgust, surprise,
curiosity, acceptance (trust) and joy [LEDO 96].
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Fi gure 8. Plutchi k’s Theory of Basic and Derived
Enotions (From [AMER 02]).

Plutchik argues for the prinmacy of these enotions by
showing each to be the trigger of behavior with a high
survival value (i.e. fear: fight or flight). He consi ders
other enotions a consequence of a blending of his eight
primary enotions (see figure 8). This research seeks to
mani pul at e these basic enotions and observe their affect on
human nmenory. However, in order to mani pul ate enotions, we
need to | ook a bit deeper.
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Wthout any doubt, the anatomical structure nost
clearly related to enption is the anmygdala [LEDO 92]. The
anygdala is a small structure in the brain, the size and
shape of an alnond, situated at the heart of the tenpora
| obe, which has abundant connections with a great variety
of other brain areas. It is the nobst inportant conponent
of a network of structures that process enotional
i nformati on. The function of this structure consists in
assigning enotional significance to environnental stinmuli,
whatever their sensory nodality [LEDO 92]. Put nore
sinply, what the amygdala does, when a new stimulus is
presented in the subject's sensory field, is to mke a
qui ck assessnment of it and to tell the rest of the brain if
the stimulus represents a danger or, on the contrary,
pronm ses sone gain. The amygdala is able to nake this
gui ck assessment of the stinmulus because research in
audi tory pat hways has shown that the sensory thal anus has a
direct pathway to it [LEDO 96]. In order to obtain this
response from the anygdala, we need a working definition

for enotional arousal (stinulus).

2. Emoti onal Arousal

Enotional arousal is the result of stinmulus or
perceived stimulus, either internal or external. In
virtual environnments this is wusually acconplished in two
ways — visually and aurally. In the real world, the sense
of vision is relied upon about 70 percent of the tine for

perception while hearing (sound) accounts for about 20

per cent . The remaining ten percent is distributed anong
the other sensing nodalities [HEIL 92]. Al t hough sound
only accounts for 20 percent, its ability to pass
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threatening information (real or perceived) to the amygdal a
has proven to be far quicker than its visual counterpart.
As such, the research presented here seeks to take

advant age of this fact.

Principally involved in the physiol ogical conponent of
enotional arousal are the autonom c nervous system (ANS)
and the linbic system The ANS regul ates individual organ
function and honeostasis, and for the nobst part is not
subject to voluntary control. It is also known as the
vi sceral or automatic system

A far nore conplex system affecting enotional arousa
was under investigation in 1939 by Paul Maclean. He
continued previous work by the neuroanatonm st Janes Papez
and coined the term “linbic system’” to describe an area of
the brain that was nade up of several regions. The primry
brain regions included the hypothal anus, cerebral cortex,
the anygdala, septum the prefrontal cortex, and the
hi ppocanpus. This system was born out of the desire to
“tell us where enotion is in the brain on the basis of
know ng sonething about the evolution of brain structure”
[LEDO 96] and is often considered the center of enotions
[ HEAL 02] . However, the system definition as a whole has
had to endure sone weakening in |ight of recent research.
For exanple, damage to the hippocanpus and ot her regions of
the linmbic system have relatively little consistent effect
on enotional functions but produce pronounced disorders of
consci ous or declarative nenory — the ability to know what
you did a few mnutes ago and to store that information and
retrieve it at sonme later time and to verbally describe
what you renenber. These were exactly the kinds of
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processes that MclLean proposed that the linbic system
would not be involved with [LEDO 96]. Al t hough LeDoux
presents this exanple explaining why the linbic systenis
stature is waning, he does not account for the interactions
innate in a system of this conplexity. The |inbic system
may not stay pure to MaclLean’s definition, but its
conmponents and their inter-systemintra-systeminteractions
certainly play an inportant role in nediating enotional
menori es. It’s these interactions that are the focus of
t he next section.

D. EMOTI ON- MEMORY | NTERACTI ON

Because we are dealing wth the conplexities of the
brain and its systenms, many of the interactions nentioned
in the previous section take place on a neurobiol ogical
level. The leading researchers in this field are Janmes L
McGaugh and Larry Cahill. Their initial studies involving
rats suggested that enotion, particularly the chemcals
involved in enotional arousal, facilitate the transfer of
menory from the short-term to the long-term store by
activating the amygdala [ MCGA 96]. These studi es observed
that rats renenber better how to proceed through a maze if
they are given the stinmulant drug adrenaline (also called
epi nephrine) during a critical period follow ng training.
Rats injected with the stimulant prior to the training
period or several hours after the training ©period
remenbered the naze no better than animals that were given
no stinmulants at all. The fact that recently forned
nmenories are susceptible to such exogenous nodul atory
treatnents illumnates the potential for endogenous
nodul ation of nenory storage for enotional events [CAH
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98]. Accordingly,

the a priori

Cahi | |
candi date endogenous nodul ators (see figure

suggests that stress hornones are

9).

A Experimental modulation of memory
Training ExagoroLs LoRgRterm Retention
So— —— | drug or hormone } ———— retention ———» fget
injection interval
B Endogenous modulation of memory
: Endogenous Long-term :
—_—= hormone — = retention ——» Rettzgilon
P release interval
Fi gure 9. Paral | el between (A) experi nent al
(exogenous) nodul ation of nenory and (B)
endogenous nodul ation of nmenory (From [ CAHI
98]) .
Therefore, enotional arousal, in this case stress, tends to
serve the imediate adaptive (ANR or |[|inbic) response
Studies involving humans using placebos and the drug

propranol ol 3 have suggested that the normal nenory advantage

for the central details of enotional is a result of

event s
t he uni que invol venent of
96] .

pr opr anol ol or

t hose adrenergi c* hornones [MCGA

In this study, participants were injected with either

a placebo before they viewed an enotionally

arousing or neutral short story. Strikingly, propranol ol

3 A drug,
treat
pr event

used to
arrhythma and to

GeH21NO,, that blocks beta-adrenergic activity,
hypertensi on, angina pectoris, and cardiac
m grai ne headaches [ AVER 02] .

4 Activated by or capable of releasing epi nephrine or an epi nephrine-
i ke substance, especially in the synpathetic nervous system
adrenergic nerve fibers [AVER 00].
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attenuated participants’ recognition advantage for the
central details of the enotional elements while having no
effect on their nmenory for the non-enotional elenments (the
enotional story contained both arousing and neutral parts).
In light of these results and those presented by Cahill,
McGaugh has developed a nodel depicting the endogenous
hor nones that enhance nenory (see figure 10).

Amygdala

MNorepinephrine
Acetylcholine
GABA

Hormonal
systems

Fi gure 10. McGaugh’ s Enotion- Menory Mdel (From
[ MCGA 00])
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1. METHOD

A EXPERI MENT DESI GN

This thesis wll assess the effect of enotional
arousal (in this case stress) on encoding and retrieving
information learned in a virtual environnent (VE). To do
this, each participant wll find thenselves ordered to
conduct a mission in a virtual P.OW canp environnent and

be required to nenorize various objects placed in four

di fferent | ocations (shacks) throughout the VE (see

Appendi x H).

Figure 11. Pl ayers’ view while being attacked.
(From Anerica's Arnysm Operations)
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The inducing of stress, by nmeans of contact wth an

opposing force (see figures 11 & 12), wll be the
i ndependent variable of this study, while the percentage of
correct responses to two subsequent tests wll be the
primary dependent variable. The participants’ correct
responses to two different sets of questions wll provide

an objective neasure of that individual’s ability to recal

what he or she was asked to renenber

B. VI RTUAL ENVI RONVENT SELECTI ON

Because the underlying assunption of presence in
trying to obtain the desired enotional arousal (stress) is
central to the experinent, the virtual environnment required
for this research had to neet three criteria: excellent
graphics, state-of-the-art sound quality and contain a
never -before-seen (or played) ganme |evel. The latter
requi renent was seen as the nost inportant of the three in
that the researcher wanted to mnimze, if not altogether
elimnate a participants’ prior know edge of the setting in
which the nmenory tasks were to take place, also known as
the conditioning effect. Research has shown that nmenory
advant ages are gained by individuals who are provided with
| ocation and place cues at the tinme of information
acquisition [TAN 01]. Consequently, the researcher chose
an as-yet-to-be-released level (called “HQ Raid”) of the
game Anerica's Arnysm (Operations. Additional consideration
was given to this gane since its developnment is being done
i n-house at the Naval Postgraduate School. This proximty
all owed the researcher to work closely with the devel opers

in order to manipulate certain variables (e.g. eneny
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artificial intelligence (Al) al gorithns, weapon
fire/hit/mss rate, health of the players, etc.) within the
actual code of the gane/VE No other gane offered the
researcher this level of control.

Yet another inportant reason for selecting this
particular VE (and again, in attenpting to satisfy the
underlyi ng assunption of presence for obtaining the desired
enotional arousal) was its simlarity to a previous
experi ment conducted here at the Naval Postgraduate School .
Research using a simlar VE and, in particular, the sane
audi o configuration denonstrated a significant (positive)
effect on participants’ sense of presence [SAND 02].
Sanders and Scorgie’'s research analyzed four different
sound delivery nethods’ effect on presence. They concl uded
that “the addition of sound to a virtual environnment
affects the level of presence by inducing arousal in the
user” {SAND 02]. As nentioned in Chapter 11, the auditory
pathway has a direct link to the enotional center, the
anygdal a, and accordingly, a gane had to be chosen that
af forded excellent audio reproduction. Again, Anerica's
Ar y s Operations was the ganme of choi ce. It’s
i ncorporation of the |atest technology (e.g., EAX 3.0 and
Dol by Digital certified) and its use of spatial audio was
seen by the researcher as essential for inducing the
desired | evels of arousal.

Finally was the consideration of graphics (see figures
11 & 12). Anerica's Arnysm Operations has garnered nuch
praise as its superb, realistic graphics (and superior
audio) are considered to be anobng the best currently

avai |l abl e of any video gane [ACCA 02].
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Figure 12. Pl ayers’ view when being shot (red on
the screen for approx. 1/6 of a second) (From
Anerica's Arnysm Operations)

C. EXPERI MENTAL DESI GN

The experinent was a between participant design wth
the presentation of enem es being the independent variable
(i.e., participants ei t her encount er ed eneny [were
stressed] or they did not encounter any enemnmy [were not
stressed]). The presentation of eneny (and their
programred aggressiveness) was the nethod the researcher
used to induce stress. Wrking with the assunption that
the participants felt present (that is, they experienced

that sense or feeling of “being there”), an attacking eneny
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woul d be perceived as a significant threat. According to

LeDoux, the presentation of:

threatening stimuli causes the pituitary gland to
rel ease adrenocorticotropic hornone (ACTH) that
results in the release of a steroid hornone from
the adrenal gland. The adrenal hornone then
travels back to the brain...[and] these hornobnes
help the body deal with the stress. This so-
called stress response is ubiquitous anongst
manmal s, and also occurs in other vertebrates.
These bodily responses are not random activities.
They each play an inportant role in the enotional
reaction and each functions simlarly in diverse
ani mal groups [LEDO 96].

Accordingly, this endogenous release of hornones is the

sought-after effect in this experinment (see figure 9).

The dependent measure in this experinent was
participants’ recall score on 2 tests presented after
exposure to the nmenory task in the VE. One test was

adm nistered imedi ately after participants conpleted their
virtual mssion, and a different test was adm nistered 24
hours after conpletion of the exposure to the video gane.
The participants were asked not to nake notes on paper
which they might later be able to study, but they were
encouraged to use whatever <cognhitive neans they would
“normal ly” use to nenorize the objects presented to them

during the experinent.

D.  EQU PVENT

The conputer used in the experinment was a Pentiun® |V,
1.8 GHz conputer using a Creative Labs Audigy Sound Card
whi ch output the sound to five Cenelec 1031A self-powered
nmoni tor speakers and a GCenelec 1094A Active Subwoofer

Systemin a 5.1 configuration. The graphics were presented
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through an NVIDI A Gefore3 graphics card to an NEC Multi Sync
18" flat panel LCD nonitor (see Appendix | for exact

equi pnent specifications).

E. PARTI Cl PANTS

A total of thirty (30) participants, ranging in age
between 24 and 43, volunteered for this study with a
breakdown of twenty-eight (28) males and two (2) fenales.
No nonetary conpensation was provided. Al participants
were affiliated with the Naval Postgraduate School either
as students, instructors, or enployees, and all were
random y assigned to one of the two condition groups.

F. PROCEDURES

Step One: The participant was provided with a m ssion
brief (Appendix D describing what was to be expected of
him during the experinment and a map (Appendix E) show ng
the general |ayout of the virtual P.O W canp environnent.
The m ssion brief served two purposes. First, it provided
general instructions in the form of a scenario to the
participant for proper execution and conpletion of the
experi ment . The scenario itself consisted of two tasks:
reconnai ssance and rescue. The reconnai ssance portion of
the “m ssion” served the primary goal of this research -
nmenori zation, while the second task served to “drive” the
participant into each of the four shacks in the virtual
P.OW canp. The scenario was the sane for all
participants. The second purpose of the mssion brief was

not so obvious. The researcher worded the brief in an
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ef fort to illicit an enotional response from the

partici pant and hopeful |y boost their sense of presence.

Step Two: Upon acknow edgenent of the tasks provided
in the mssion brief, the participant then practiced using
the virtual P.OW canp environnent. The training |level VE
was identical to the actual experinment VE, excluding the
objects (and enem es) which would be presented during the
experi ment. In this training setting, the participant
| earned how to work the controls of the game (e.g., noved
the nouse to gain the desired viewpoint, use the keyboard
to maneuver W thin t he vi rtual wor | d
fire/reload/fix/switch weapons, etc.). The participant was
al so shown what the “nystery” box (nmentioned in the brief)
| ooked Iike and was given practice on picking it up. Once
the participant felt confortable with all of t he
af orementi oned tasks, they were then directed to navigate
t he conmpound as depicted in the map (Appendix E). This was
done to allow the participant to preview and pick out the
various terrain and other obstacles he mght have to
overconme in the course of the actual experinent. Upon the
participant’s exit of shack nunber 4, the researcher
reiterated the primary (reconnaissance) and secondary
(rescue) portions of his mssion. The researcher felt that
this “preview of the virtual P.OW canp environnent would
provide the participant with a general know edge of the
virtual world and hence, mnimze interference with the
encodi ng of the desired objects during the actual
experi nent. As such, the training session was highly
interactive, with the researcher answering any questions

posed by the participants in an effort to increase their
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confort level and mnimze their anxiety with respect to

their surroundings in the virtual environnent.

Step Three: Wen the participant indicated they were
ready to continue, the researcher started the assigned
condition for each participant. The researcher nmade it a
point to remnd the participant that this experinment was
not tinmed and stressed the inportance of nenorizing all of

the objects in each shack

Step Four: After conpleting the experinent, the
participants were admnistered a nenory test (Appendix F)

requiring themto recall particular objects in each shack

Step Five: Twenty-four hours after conpleting the
experinent, plus or mnus 1 hour, each participant was
contacted and asked to take another test (Appendix G . The
purpose of this test was to help the researcher determ ne
if there was an effect of retention interval on nenory
storage. The results of the tests admnistered in this and
the previous step were the dependent neasures used in the
anal ysis of this experinent.
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V. ANALYSI S AND DI SCUSSI ON

A | NTRODUCTI ON

The hypot hesi s:

The inducing of stress during a nenorization
task in a virtual environnment will have no
significant effect on the retrieval of the
obj ects menori zed.

Participants in this experinent were randomy assigned to
one of two conditions, stress (encountered eneny) or no
stress (did not encounter eneny). Both groups were
adm ni stered the same nmenory tests immediately follow ng
the experinent and 24-hours |ater (Appendix F & Q. The
participants’ correct responses to the questions served as
the objective data points for study. The scores for both
tests were averaged and conpared with respect to tinme and
conditions for the first analysis, then were aggregated by
condition only for a second analysis. A statistical
analysis using a tw-sanple t-test was conducted to test

t he experinental hypothesis.

B. ASSUMPTI ONS

Al though thirty (30) participants is not a large
sanple size, it is the defining sanple size at which the
Central Limt Theorem can be used [DEVO 00]. Assum ng
normality in the data is also justified as is depicted in

figure 13 below. A power analysis of the data provided a

val ue of 0.6791
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Fi gure 13. Data fits the Standard Normal .
C. RESULTS
The results of the data lend credibility to the claim
t hat I nduci ng stress does I ncrease encodi ng and

consequently retrieval of information nenorized in a VE
Not only is the difference between the tw conditions
graphically distinct, but table 2 qualifies figure 14 with
positive statistical results. Two-sanple t-tests indicated
statistically significant differences between treatnent
groups in both the nenory test admnistered inmmediately
after exposure to the VE (p=.05) and in testing 24 hours
later (p=.04). More conpelling s the statistica
significance (p=.01) of the second analysis in which the
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scores were aggregated (no distinction of tinme) by
condition. The aggregation of the second analysis is done
to reduce the recency effect (see Chapter 11) of the
i medi ate recall test [LOCK 00].

Tabl e 2. Two-sanple t-test results by condition,
per test.
Test I Cond- 1 I Cond-2 | Diff. t - st at I Df I P- val I
| mediate | 71.67 59. 58 12. 09 1.7004 28 . 0501
Ater 1 5417 | 44.17 | 10.00 | 1.7769 | 28 | .o0432
24Hrs.

Recollection of Objects

—aA— Condition 1 (Encountered Enemy) —@— Condition 2 (No Enemy Encountered)

80

70 A-1167
° ‘“\ T
4 54.17
)
(% 44.17
o 40
o
©
g 30
<
20
10
0
Immediately After Experiment 24 Hours After Experiment
Time
Figure 14. Scores averaged by condition, per test.
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Fi gure 15. Box plot of aggregated scores
Figure 15 and table 3 illustrate the results of the

aggr egat ed scores and substanti ate the alternative

hypothesis: that the true difference in nmeans is greater
than zero (0) with a p-value 0.0148.
Tabl e 3. Two-sanple t-test results, by
condi tion, conbined tests.
Test Cond-1 | Cond-2 Di ff. t - st at Df P- val
Combi ned 62.92 51.88 11. 04 2. 2297 58 0.0148
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D. SUMVARY

The analysis of the data clearly shows that the
participants in the “high-arousal” condition were better at
encoding and recalling objects presented in the virtual
environnment. Although the difference in the nmeans between
the two conditions on the imediate recall test was only
mar gi nal | y significant, t he del ayed recal | t est
(administered 24 hours later) and the results of the
anal ysis of the aggregated scores lend solid credibility to
the claim that enotional arousal (in this case, inducing

stress) enhances nenory storage

The enotion aroused in this experinent, stress [a
combi nation of fear and surprise (see figure 8)] was the
sinplest to inplenent and utilize as an exploratory tool in
pursuit of the hypothesis. Qher enptions, as illustrated
in figure 8, <could potentially be utilized as well.
However, their effectiveness wth respect to nenory
consolidation nmay not prove to be the same, as the enotion
used here (stress) has been shown to rel ease the endogenous
hornones required to facilitate nmenory consolidation [CAH
96] [CAHI 98] [LEDO 96] [MCGA 96] [ MCGA 00].

The nmethod wused in this experinment to invoke the
desired enotion (stress), by way of presence, was an
enotionally captivating scenario set in a PGC-based
vi deogane. Al though this ganme provided excellent video and
audi o representation of the virtual environnent, it |acked
(as do the nmpority of current simlar ganes) the
representation of ot her sensory nodal ities. The
i npl enmentation of other sensory nodalities in the virtua

environnment could further enhance the sense of presence,
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enotional arousal and consequently, nenory consolidation.
In fact, research at Georgia Tech University has
denonstrated that the addition of tactile and olfactory
cues, in addition of the audio and video cues, increased
both the participant’s sense of presence and their
recol l ection of objects in a virtual environnent [DI NH 99].
These findings concur with those found by Sheridan, where
he noted “the principle external determ nants of presence
is the existence of sensory information presented; that is,
the greater the nunber of sensory inputs provided to
different nodalities, the greater the sense of presence”
[ SHER 92] .

The inplication of these results shows that enotional
ar ousal in virtual environnents for training 1is an
inmportant factor to consider when designing them The
i npact that enotion has on an individual’s nenory has |ong
been docunented. For exanple, you can recall a variety of
information (e.g., place, tine, environment, etc.) wth
great detail, the exact nonent vyou heard about the
Septenber 11, 2001 attacks on the Wrld Trade Center and
t he Pentagon, or when you first heard that President John
F. Kennedy was assassinated, largely because of the
enotional inpact that the news had on you. Granted, the
magni tude of the story itself may play a role in your
recollection (also known as the novelty effect), but the
research presented here lends credibility to its potenti al

use in virtual environnments and training.
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V. CONCLUSI ONS AND RECOVVENDATI ONS

A. SUMVARY

The goal defined at the beginning of this thesis was
to investigate the role enotional ar ousal plays in
enhancing a trainee’s nenory for events that occurred
during training in a virtual environnment (VE). Si nce
stress is a consequence of enotional arousal that can be
induced in a relatively sinple manner [LEDO 96], it was the
enotion of choice for this research. The training virtua
envi ronnent was set in a gane that allowed participants to
obtain a sense of presence, and thus fall prey to their
enoti ons. The inducing of stress was done by neans of
their being attacked (shot at) by eneny in the virtual
wor | d. Thirty participants, half encountering eneny and
the other half not encountering eneny, were tasked to
menori ze objects in this VE and were |ater asked to recall
those sane objects by neans of witten tests. Thei r
correct responses to the questions posed in the tests were
conpared and found to be statistically significant, thus
provi ding evidence that enotional arousal (in this case,
the inducing of stress) enhances human nenory. The results
of this research identify the potential of using enotional
arousal as an integral part of conducting training in
virtual environnents. Utimtely, a the capacity to use
virtual environments as “tools” to train individuals
increases and funds for conducting training in the field
dwi ndl es, the use of enotional arousal in VE training could

prove extremnmely beneficial to all.
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B. RECOMVENDATI ONS

This study Ilends credibility to the inportance of
i ncl udi ng enot i onal cont ext when desi gni ng virtua
environnments used for trai ning. In addition to stress, it
is possible that devel opers of virtual environment training
systens should include richer stories and nore engaging
characters that could further involve the trainee’'s
enotions and consequently provide a nore suitable context
for intellectual and cognitive activity. Current virtua
envi ronment training systens, such as those under
devel opnent by the Ofice of Naval Research [ONR 02a], |ack
the incorporation of a rich story and character depth which
inmpair enotional inmmersion. This lack of enotiona

imMmersion poses a major barrier to conducting effective

t rai ni ng.

Anot her inportant aspect in increasing enpbtiona
imrersion in virtual environments is the realistic
reproducti on/representation of audio. The audio nodality

has received relatively little research attention despite
evidence suggesting that audio fidelity has a nore
pronounced inpact than visual fidelity on attention and
menory, and that audio has a cross-over effect on visual
evaluation [SHER 01]. However, recently conpleted research
at the Naval Postgraduate School offered a solution to this
void when Eric Krebs designed and inplenented a sound
system architecture for use in virtual environnents [ KREB
02] . Krebs’ work and the results presented by this thesis
of fer virtual environnent designers tools to build better

trai ners.
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C. FUTURE WORK

This experinment illustrates that arousing enotion
affects nmenory storage for objects nenorized in a virtual
envi ronnent . However, in order to validate the conclusion
of this thesis wth respect to training in virtual
environnents, a followon, simlarly designed experinent
m ght include an actual (virtually inplenented) task that
its participants are required to learn while their enotions
are aroused. The experinment could run the gamut of not
only enotions, but also the various intensity |evels of

t hose enoti ons.

Further validation can cone from conducting the sane
or simlar experinments while collecting physiol ogical data.
Studi es have shown that physiological neasurenents taken
whil e participants experience virtual environnments provide
an objective neasure of presence [ MEEH 02] [ SAND 02].

Anot her approach to conducting simlar research on
menory in virtual environnents for training mght inplenent
different types of effects (e.g., audio-video interference,
dual -tasking, etc.) and account for their affect on nenory
consol i dation/recoll ection. Yet anot her approach m ght be
to vary the types of information required to be nenorized
and/or the different levels of enmotion and study the
correlation (if any) between type of information to be

recall ed and type of enotion induced.
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Appendi x A: Raw Data — Participants’

Figure 16.

answers to Test #1

I NFORNMATI ON:

a“o”

i ndi cates a correct answer;

in the cel

A [13 1”
i ndi cates an

i ncorrect answer.
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Figure 17.

answers to Test #2

| NFORMATI ON:

a “o0”

i ndi cates a correct answer;

in the cell
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i ncorrect answer.
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APPENDI X B: EXPERI MENT PROTOCOL

Consent formns
A. Have participant read and sign consent fornmns.
B. Assign participant a subject ID and Condition.
C. Condition val ues:
1. 1 — Eneny
2. 2 — No Eneny
1. Introduction
A. Have the participant read the m ssion brief, and
ask themto verify their understanding of the
required route (using map) to take in the VE
I11. Arerica' s Arnysm QOperations Practice
A. Logon to conputer in the Miultinedia Lab.

1. Start Anerica's Arnysm Qperations (research
desi gned buil d) by double-clicking on the
Anerica's Arnysm Operations shortcut on the
deskt op.

2. Ht tab and type in “tmap” (for training nmap)
(Thi s opened up the research designed | evel of
HQ Rai d)

3. Lead the participant through the various
functions of the gane (e.g., navigation, weapon
use, etc.)

4. Once the participant expressed feeling
confortable with all aspects of the virtua
envi ronment, we would go to step VI.

V. Anerica's Arnysm COperations
A. Hit tab and type in the assigned condition nap:
1 - “emap”
2 — “nmap”
B. When the participant is finished, direct himher to
conpl ete the I nmedi ate Recal |l Exam
C. Coordinate adm nistration of the del ayed recall
foll ow up test
D. Informparticipant that he/she is not allowed to
nmake paper notes of the environnent.
V. Fol | ow-up test
A. Adm nister the delayed recall test to the
partici pant
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APPENDI X C. CONSENT FORVB

GENERAL:

The fornms in the appendi x appear in the sanme format used
for the experinment and do not follow the standard thesis
format utilized in this thesis. This appendi x consists of
t hree docunents: Consent Form M ninmal Ri sk Consent
Statenent, and the Privacy Act Statenent. Each participant
is required to read and sign these docunents prior to

participating in the experinent.
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PARTICIPANT CONSENT FORM

1. Introduction. You are invited to participate in a study that attempts to measure a person’s ability to commit
to memory and subsequently recall objects presented in afirst-person shooter virtual environment/game. This
researchis aimed at improving individualsS memory recollection when utilizing virtual environments as training
devices. Your recorded datawill be used in an effort to determine which sounds and/or scenarios should be
considered for inclusion in virtual environment training systems.

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

3. Procedures. If you participate in this study, the researcher will ask you complete two short questionnaires
and two short recall tests. Y ou will first be asked to fill out a short questionnaire, followed by approximately 15
minutes of playing a game (see attached sheet titled “Memory Experiment” for game scenario/procedures).
Upon completion of the game, you will be asked to take a short test asking you to recall the objects presented to
you during the game. Exactly 24 hours later (the retention interval), you will be asked to fill out another
guestionnaire and take another short test asking you to again recall the items presented to you in the virtua
environment the previous day. This entire evolution, not including the retention interval, will take
approximately 30 minutes.

4. Risksand Benefits. The questionnaires, experiment, and tests involve no risks to individuals, however, IF
YOU FEEL UNCOMFORTABLE WITH THE INTERVIEW OR THE GAME SCENARIO AT ANY TIME,
PLEASE INFORM THE EXPERIMENTER AT ONCE AND DO NOT PROCEED ANY FURTHER. The
benefits to the participants will be to contribute to current research in advancing virtual environments and in
human-computer interaction.

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

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

7. 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.

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

9. 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: Measuring Memory
Encoding and Retrieval in aVirtual Environment.

1. | have read, understand and been provided the "Participant Consent Form™ 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 penalty or loss of benefits to which | am otherwise entitled. | aso understand that |
may discontinue participation at any time without penalty or loss of benefits to which | am
otherwise entitled.

8. | understand that the individual to contact should | heed 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. A full and responsive discussion of
the elements of this project and my consent has taken place.

Signature of Principal Investigator Date  Signature of Volunteer Date

Signature of Witness Date
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PRIVACY ACT STATEMENT
NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA 93943
PRIVACY ACT STATEMENT

1. Authority: Naval Instruction
2. Purpose: MEASURING MEMORY ENCODING AND RETRIEVAL IN A VIRTUAL ENVIRONMENT

3. Use: Response data will 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 nongovernmental 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 beneficia to me
or if some circumstances, which are not apparent at this time, 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 a record 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 agree to its disclosure to agencies or individualsindicated 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. | also understand that disclosure of the requested information is voluntary.

Signature of Volunteer Print Name, Grade/Rank, DOB Date

Signature of Witness Date
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APPENDI X D. M SSI ON BRI EF

GENERAL:

The formin this appendi x appears in the sane format used
for the experinent and does not follow the standard thesis
format utilized in this thesis. This appendi x consists of
one docunent: a detailed description of instructions for

t he successful conpletion of the (nmenory task) “mssion.”
Each participant is asked to read and ask questions of the
researcher if the instructions are not understood. The
brief is followed by a period of training in the virtual
P.O. W canp environnent.
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Memory Experiment

Introduction: This experiment will examine your ability to remember certain aspects and objects presented in a

virtual environment (i.e. first-person shooter game).

Situation: You find yourself on a solo Prisoner-of-War (POW) rescue/reconnai ssance mission in avirtual POW
camp. This camp, which may or may not be guarded during your mission, consists of four shacks surrounding a
POW cell (which is currently holding 2 of your captured comrades). Each shack is clearly and plainly humbered on
itsinterior walls. Inside each shack, you'll find miscellaneous furniture and objects that one would typically expect tc
seein such aplace. However, each shack will also contain afew distinctly atypical objects, one of whichisa
“mystery” box, which, according to our intelligence reports, contains a key to the POW cell.

Your Mission: Our intelligence reports confirm the existence of four “mystery” boxes, one box in each shack, each
box containing akey. Unfortunately, the intel guys are unable to ascertain which specific box contains the required
key. Therefore, you must navigate through the REAR DOORS ONLY (see map) of each shack in the POW camp and
collect ALL four “mystery” boxes BEFORE attempting to rel ease the POW’ s and without being detected by any
guards Additionally, you'll need to report back any atypical objects you may find and in which shack you saw them.

Y our mission is complete when you have collected ALL four boxes.

Enemy: If you encounter any enemy guards, kill them beforethey kill you, and then continue your collection of the
“mystery” boxesand reconnai ssance of the shacks. Y ou may shoot at anything you see, but be sure you kill any and

al enemy before they kill you.

Training: You'll be placed in amock-up replica of the actual POW camp (experiment) setting. In thislocation, you
will learn how to navigate through the virtual POW camp world, get afeel for the layout of the POW camp, and
you'll al'so learn and practice the selection and firing of your weaponsand equipment. There are replicas of the
shacks with the numbers painted on their interior walls matching the numbers you will see in the actual experiment
POW camp. You'll aso find areplica of the “mystery” box that you actually need to acquire in the experimert.
You'll get to practice picking up this box. At any time during this training session, please fedl free to ask any
questions.

Remember: Thisisnot atimed event. You will answer a set of questions (reconnaissance report) immediately

following the experiment and another set of questions (reconnaissance report confirmation) in 24 hours. The

questions will be about those unusual objects you saw in each shack. Take your time
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APPEND X E: MAP OF RQUTE I'N THE VI RTUAL ENVI RONMENT

GENERAL:

The formin this appendi x appears in the sane format used
for the experinent and do not follow the standard thesis
format utilized in this thesis. This appendi x consists of
one docunent: a sinple introductory (background)
guestionnaire. Each participant is asked to fill one out

prior to participating in the experinent.
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Out-
house

End of Experiment

4 e o pows ’

Fi gure 18. Appendi x E: Map of the route the
participants were required to follow in the VE.
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APPENDI X F: | MVEDI ATE RECALL TEST

GENERAL:

The forns in this appendi x appear in the sane format used
for the experinent and do not follow the standard thesis
format utilized in this thesis. This appendi x consists of
two docunents: the “ (I nmredi ate) Reconnai ssance Report”
given to the participants inmmediately after their

conpl etion of the nenorization tasks in the VE foll owed by
the sane formw th the correct answers marked. Each
participant is asked to take the test and answer every

question to the best of their ability.
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(Immediate) Reconnaissance Report

Name

1. \hich ONE of the following objects was in shack 12

Magazi nes House Pl ant Vendi ng Machi ne
2. \Which ONE of the follow ng objects was in shack 12

Fi re Extinguisher Wat er Fountain Conput er
3. Which ONE of the follow ng objects was in shack 2?2

M cr onave Vendi ng Machi ne Big Screen TV
4. \Which ONE of the following objects was in shack 2?2

Cof f ee Pot Bl ueprints Conput er
5. Wich ONE of the follow ng objects was in shack 3?2

Big Screen TV Flame on oil drum House Pl ant

6. \Which ONE of the follow ng objects was in shack 32
Comput er Refri gerat or Fl ane on oil drum
7. Which ONE of the following objects was in shack 42
Vendi ng Machi ne Magazi nes Fi re Extingui sher
8. \Which ONE of the following objects was in shack 42
Bl ueprints Cof f ee Pot Megaphone
9. \Wich shack contained two (2) cots?
1 2 3
10. Wi ch shack had a lantern that was knocked over and unlit?
1 2 3
11. Which shack had alit lantern on the floor?
1 2 3
12. Wi ch shack had a cot that |eaned upright against the wall?
1 2 3
13. Which shack had a lantern that was on an oil drum?
1 2 3
14. Wi ch shack had a cot that was knocked over?
1 2 3
15. Wich shack had a lit lantern on the table?
1 2 3
16. Wi ch shack had a book on the table?

1 2 3
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(Immediate) Reconnaissance Report

Name:

1. Which ONE of the following objects was in shack 1?

Magazi nes House Pl ant Vendi ng Machi ne Cof fee Cup

2. \Wich ONE of the foll owing objects was in shack 12

Fi re Extingui sher Wat er Fountain Megaphone

3. Wich ONE of the foll owing objects was in shack 22

M cr onave Vendi ng Machi ne Big Screen TV House PI ant

4. \Which ONE of the foll owing objects was in shack 22

Cof f ee Pot Bl ueprints Conput er Fl ame on oil drum

5. Wich ONE of the following objects was in shack 32

Big Screen TV Fl ame on oil drum House Pl ant Fi re Extingui sher

6. \Which ONE of the follow ng objects was in shack 3?2

Conput er Refri gerator Flame on oil drum M cr onave

7. \Which ONE of the following objects was in shack 42

Vendi ng Machi ne Magazi nes Fi re Extingui sher Big Screen TV

8. \Which ONE of the followi ng objects was in shack 42

Cof f ee Pot Megaphone Refri gerat or

9. Which shack contained two (2) cots?
1 2 3 @
10. Which shack had a | antern that was knocked over and unlit?
1 3 4
11. Wich shack_had a lit lantern on the floor?
2 3 4
12. Wi ch shack had a cot that |eaned upright against the wall?
1 3 4
13. Wi ch shack had a lantern that was on an oil drum?
1 2 @ 4
14. Wi ch shack had a cot that was knocked over?
2 3 4
15. Wich shack had a lit lantern on the table?

1 2 3 @

16. Wi ch shack had a book on the table?

1 2 @ 4
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APPENDI X G DELAYED RECALL TEST

GENERAL:

The forns in this appendi x appear in the sane format used
for the experinent and do not follow the standard thesis
format utilized in this thesis. This appendi x consists of
two docunents: the “Reconnai ssance Report (Confirmation)”
given to the participants 24 hours (plus or m nus 1 hour)
after their conpletion of the nenorization tasks in the VE
followed by the same formwi th the correct answers narked.
Each participant is asked to answer every question to the

best of their ability.
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Reconnaissance Report (Confirmation)

Name

1. How many hoursof seep did you have last night?
lessthan 4 4t06 6t08 more than 8

2. If you drink coffee, estimate how many cups (8oz/cup) have you had so far today?
2orless 3to5 6 or more

1. Wich ONE of the following was in shack 12
Lit lantern on drum Lit lantern on floor Unlit lantern
2. Wich ONE of the following was in shack 12
Cot | eaning upright on wall 2 cots Properly set-up cot
3. Wiich ONE of the following was in shack 2?2
Lit lantern on drum Lit lantern on floor Unlit lantern
4. \Wich ONE of the following was in shack 2?
Cot | eaning upright on wall 2 cots Properly set-up cot
5. Wich ONE of the following was in shack 3?
Lit lantern on drum Lit lantern on floor Unlit lantern
6. WWich ONE of the following was in shack 3?2
Cot | eaning upright on wall 2 cots Properly set-up cot
7. \Wich ONE of the following was in shack 42
Lit lantern on drum Lit lantern on floor Unlit lantern
8. Wich ONE of the following was in shack 42
Cot | eaning upright on wall 2 cots Properly set-up cot
9. Which shack contained a set of blueprints?
1 2 3
10. Wi ch shack had a conputer?
1 2 3
11. Wich shack contained a nmegaphone?
1 2 3
12. Wich shack had a flame conming out of a drunf
1 2 3
13. Wi ch shack had a big screen TV?
1 2 3
14. Wi ch shack had a vendi ng nachi ne?
1 2 3
15. Which shack had a m crowave/toaster oven unit?
1 2 3
16. Which shack had a refrigerator?

1 2 3
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Reconnaissance Report (Confirmation)

Name:

1. How many hoursof sleep did you have last night?
lessthan 4 4t06 6t08 more than 8

2. If you drink coffee, estimate how many cups (80z/cup) have you had so far today?
2or less 3to5 6 or more

10.

11.

12.

13.

14.

15.

16.

Wi ch ONE of the following was in shack 1?2

Lit lantern on drum Lit lantern on floor Unlit lantern Lit lantern on table

Which ONE of the following was in shack 1?

Cot | eaning upright on wall 2 cots Properly set-up cot Cot knocked over on floor

Which ONE of the following was in shack 2?

Lit lantern on drum Lit lantern on floor Lit lantern on table

Which ONE of the following was in shack 2?

Cot | eaning upright on wall 2 cots Properly set-up cot Cot knocked over on floor

Which ONE of the following was in shack 3?

Lit lantern on drum Lit lantern on floor Unlit lantern Lit lantern on table

Which ONE of the following was in shack 3?

Cot | eaning upright on wall 2 cots Properly set-up cot Cot knocked over on floor

Which ONE of the following was in shack 42

Lit lantern on drum Lit lantern on floor Unlit lantern Lit lantern on table

Wi ch ONE of the following was in shack 42

Cot | eaning upright on wall Properly set-up cot Cot knocked over on floor

Wi ch shack contained a set of blueprints?

1 2 3 @

Whi ch shack had a conputer?

@ 2 3 4

Wi ch shack contained a megaphone?

1 © : 4
Wi ch shack had a flane coming out of a drun®?

2 3 4

Whi ch shack had a big screen TV?

1 2 @ 4

Wi ch shack had a vendi ng machi ne?

: ® : 4

Whi ch shack had a nicrowave/toaster oven unit?

Wi ch shack had a refrigerator?
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APPENDI X H  CONTENTS OF SHACKS IN VE

Figure 19. Appendi x H:  Contents of Shack 1.

List of itens that were tested
(d ockwi se fromlower |eft corner):
- Flanme on oil drum
Conput er
House pl ant
Lit lanmp on fl oor
Knocked-over cot
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Fi gure 20. Appendi x H  Contents of Shack 2.

List of itens that were tested

(Cl ockwi se fromlower left corner):
Knocked-over, unlit lantern
Megaphone
Cof f ee pot
Vendi ng machi ne
Cot | eaning upright against the wall

83



Fi gure 21. Appendi x H: Contents of Shack 3.

List of itenms that were tested
(G ockwi se fromlower |eft corner):
Ref ri gerat or
Magazi nes on table
Book on table
Big Screen TV
Lit lantern on oil drum
One properly set-up cot
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L -

Figure 22. Appendi x H:  Contents of Shack 4.

List of itens that were tested
(C ockwi se from|lower |eft corner):
Lit lantern on table
M cr owave
Bl ueprints
Fire Extingui sher
Wat er fountain
Two cots
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APPENDI X |: EQUI PMENT SPECI FI CATI ONS

Alienware Majestic 12 (1 used):

CPU Intel Pentium 4 1.8GHz
RAM 512MB

Hard drive 40GB

Operating System Windows XP

Cenel ec 1031A Bi-anplified Speaker

(Fi ve 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:
Long term output power is limited by driver unit protection circuitry.

120 W

Signal to Noise ratio, referred to full output:

Bass > 100 Db
Treble > 100 dB

Cenel ec 1094A Active Subwoofer System (1 used):

Free field frequency response of system (+ 2.5dB): 29 - 80 Hz
Harmonic distortion at 100 dB SPL @ 1m on axis in half space (30...100 < 3%
Hz): 0
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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Moni tor Multi Sync® LCD1830™Speci fications Monitor

LCD Module

Diagonal: 18.1 inch
Viewable Image Size: 18.1inch
Native Resolution (Pixel Count): 1280x1024

Active matrix; thin filmtransistor (TFT) liquid crystal display (LCD); 0.28 mm dot
pi tch; 200cd/ m2 white |umi nence; 300:1 contrast ratio, typical

Input Signal
Video: ANALOG 0.7 Vp-p/75 Ohms
Sync: Separate sync. TTL Level
Horizontal sync. Positive/Negative
Vertical sync. Positive/Negative
Composite sync. Positive/Negative
Sync on Green (Video 0.7p-p and Sync 0.3V p-p)
Display Colors

Analog input: 16,777,216

Viewing Angle
Left/Right: +80°
Up/Down: +80°

Synchronization Range
Horizontal: 24 kHz to 82 kHz Automatically
Vertical: 55 Hz to 85 Hz Automatically

Resolution Used
1024 x 768 at 75 Hz

Active Display Area
Horizontal: 359 mm/14.1 inches Dependent upon signal timing used,
Vertical: 287 mm/11.3 inches and does not include border area.
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I NI TI AL DI STRI BUTI ON LI ST

Def ense Technical Information Center
Ft. Belvoir, VA

Dudl ey Knox Library

Naval Postgraduate School
Mont erey, CA
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