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The Virtual Time (VT) concept is an unique new manipulation of time in the context of Virlual Reality, VT refers to o
Virtual Reality paradigm thol menipulates iime under the control of the operator, instructor, or software. Current Virtuol
Realily environments allow operators to control space. Virtual Time extends operator conlrol to vary the flow of
“simulated time", that is, "Time~Warp” the virtual environment. A hypothesis of the immersive nature of Viriual Reality
which tightly binds an individual's "time norm" to the speed of environmental cues is presented ond provides the
framework within which to define the VT concepl. The pilot study presented in this paper can also be characterized as
the firsl use and extension of the Above Real-Time Training (ARTT} poradigm. In ihis opplication of Virtual Time,
twenty-eight university students performed o simpie frocking and forgeling task under two levels of {ime compression,
(ie., 1.0x, 1.7x). All subjects were then tested in o reql-time {1.0x) environment. This study investigated a_virtual
block grabbing task. The block moved in a three dimensional virlual environment end subjects were required to use o
Virlual Redlity glove fo track ond grab the block. In.the block grab task the mean performance for the VT (1.7x)
trained group performed twice as fost as the control group (1.0x) during lesting (tronsfer of iraining) when both
groups were tested at real time. Post test, o set of questionnaires were odministered to subjecis in order to estabiish

the perceived temporal and workload demands of the task. The results from these questionnaires indicated thal within

both subject groups (1.0x and 1.7x), there were no significant differences detected beiween the perceived temporal and
mental demands of the testing and training phoses. This indicates that the VT group did not perceive the change in
temnporal demands between the training (1.7x) and the testing (1.0x) phoses. There were, however, significnt
differences in the perceived temporal demands between subject groups. The VT group perceived less terporal demands
during the iesting (1.0x) phase than the control group. These results indicate that VT is o potentiol means of
exploiting on existing ability of humans (lime odoplabifity) within virtual troining environments in order to achieve
performance enhancement in real-time situations. ARTT onalogies and parallel concepts are discussed including o
synthesis of multi disciplinary support for Virtual Time. Conclusions and novel fuiure research directions are presented.
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INTRODUCTION

The Virtual Time (V) concept is @ unique new

manipulation of time in the context of Virtual Reality.

VT refers to o Virlual Reclity (VR) poradigm that
manipulotes time under the control of the operator,
instructor, or  softwore.  Current  Virtual  Reality
environments allow operatars to control space.  Virtual
Time exlends operator ~conirel io vary the flow of
“simulated time", that is, "Time-Warp" the virtual
environment.  This pilot study can be chargcterized os

ihe first use and extension of the Above Real-Time

Troining  (ARTT) poradigm, to a \Virtual Reality
environment  (Guckenberger,el al,  1992). Prior
successful research results with ARTT on simulators
encouroged the extension of tme manipulgtion 1o a
Virtuol Reality envirenment.  The hypoihesis of this
sfudy is thel the immersive nature of virtual
environments will bind an ingivigual's lime norm {o the
speed of environmental cues presented in the VR
environment.

In prior research using ARTT on tonk gunnery,

(Guckenberger, et al, 1992), post test questions

indicated ihat subjects were ungble to distinguish time

compression changes during the experimeni. Subjects =

were unoble to distinguish changing from ¢ 1.0x to o
1.7x condition and were also unable to distinguish o
1.7x from o 2.0x condition, Additionally, post test
comments from an ARTT study with US Air Force pilots
on port tosk F-16 trainers further supporfed the
hypothesis that subjecis are unoble to distinguish
between less than 2X changes in iime compréssion.
Both of these studies meosured the perceived temporal
demands vio an informal- post-task query. -

An ctlempt was made in this study 1o use well

established and wolidated scoles to meosure perceived

temporal demands and {o determine i the time norm

hypothesis extends to the virtual environment,
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* cues {Porasuraman, 1986).
~differently depending upon the individual's "stimulation

BACKGROUND

There is @ growing body of research showing the "Time

Adaptabifity” of Man (Holubar, 1962, Kolf,” 1973, Hoey,
1976, Vidulich, 1983, Motin &  Boff,
Guckenberger, et al, 1992). Virtugl Time (VT) is @
method of exploiting an exisling ability of humans
(time odapiability} with exising capacity in Viriual
Reality environments (i.e. software only changes o
virtugl form and function). The VT concept can be

characlerized s "o synthesis of emerging man-
. mochine interface technologies that manipuiate time

(i.e., RAP-COM, ARTT). Virtual time investigations are
based upon human time perception end can be viewed.

_.Gs an extension of Above Real-Time Troining research. _

Psychophysical research into time percéption has
shown the relofivistic nature of fime perception in

~ humens.  {Jones, 1976, Toumodge, 1990, and Skelly,

1993).  Relotivistic nature is defined as linking an
individual’s perception of time {o his/her “stimulation
stale" or "time norm”. This is analogous to Einstein’s
theery of special relotivity which links relative velocities
to a particular observer's frame of reference. 1t is
noieworlhy thgl this analogy wos arrived of
independently by individugls in three different fields
(Jones, 1976, Toumodge, 1990, and Guckenberger, et
al, 1992). Working models of relative perception in
audio training have been propose¢ (Hohn & Jones,
1981).  Current work is being done to exlend these
audio findings to the arena of visual traising (Skelly,
1993, Guckenberger, et al, 1992). These studies
provide VT and ARTT with g firm theoretical basis upon
which to build. These studies indicate ihat time
perception con be aliered if o porticularly boring or
interesting iask is introduced, or if the arousal stole of
the subject is changed through external environmental
Humans perceive time

state” or "time norm”. This stimulalion siole is based,

in pari, on the sensory cues in the environmenl and _

the interactivity level between the individual and his or
her environment.

1988,



Virtual environments, mulli-sensory worlds which con
be manipulgted by users, provide highly interactive
expenences It is therefore reasonable o suggest that
the immersive noture of Virlual Reolity, coupled with
virtual time, con alter an individual's "stimuletion state"
or "time norm". 1t is also suggested that the resulling
perception of lime elicited by o porticulor stimulation

state forms a “time frame of reference” for that

individual. If_the stimulation environment is altered,
the individugl's time frome of reference  wil
correspondingly recalibrate  (without the individuals
conscious owareness) in order to accommodate the
naw lime demands of the environment.

When on individual's subjective time reference is
perceived as long, it may offer o unique advantoge for
oroviding training on critical high performance skills.
This artificiglly accelerated frame of reference may give
the operator more “perceived time" in which to octuolly
perform key elements of the mission. It may be
suggesied that the very percepiion (ie. realizgtion)
that the operalor has more time may lead to betier
decision making and situotional aworeness, It may
gwe the operalor the edge thal makes the difference
in loday's modern batilefield, Due to the fact that VI
{raining occurs in the some exact environment_0s
real-time testing (i.e., he lask stimuli .ond required
responses. are the same; lime is the only variable
manipuloted), no negative transfer should be expected
(Holding, 1965). In foct, due to the similorily belween
the task stimuli and required responses, a high
{ransfer between lroining ond testing should be
expecied. This mecns that more economic training
car occur on existing VR simulators by accelerating
the internal time flow. The simplest cose for VT is
improved VR simulator usage either by more trials per
unit {ime per trainee, or higher trainge throughput.

ARTT HISTORY

Time compression hos been studied with ARTT in {light
sifulators. Above-Reai-Time Training (ARTT), refers to
o training poradigm that pleces the operator in a
simuloled environment thal functions ot foster than
normal time. In the cose of oir combat maneuvering, o
successful toctical gir intercept which might normally
toke five minutes, would be compressed into two or
{hree minules. Al operalions of ihe infercept would
correspondingly be accelergted such os airspeed, turn
ond bonk velocities, weapons flyout, and performance

the lifting body programs.

of the odversary. In the presence of these time
constrainis, the pilot would be required to perform the

same mission tasks to the same performance crileria- -

-0 he would in a real time environment, Such @
training paradigm represents a deporture from the
intuitive, but not often supported, feeling thot the best
practice is determined by the training environment with
the hlghesi fidelity.
economically on exisling simulators. It is important to
realize thot ARTT opplications require the simuloted
velocity of the targets ond other entities 1o incregse,
NOT the update rote. Over. 25 yeors ago, NASA thhi
test engineers recogmzed that if one could program
simulator 1o operate in “ast time", one could give test
pilots @ more accurote experience or "feel" of real-

word stresses thol would be present in the aircraft

{Kolf 1973, Hoey 1976).

The origin of support for ARTT, in simulolors, comes
from anecdotal reports from NASA. Researchers gt the
NASA Dryden Flight Reseorch Cenler during the X-13

program in the lote 1960's needed o mechonism fo

oddress the X-15 test pilots’ post flight comments of
being qlwoys behind the airplane.." ond ...
caiching up” {Fhompscn, 1965).
some differences between the perceived time in the
well-practiced simulator flights and perceived time “in
the experimental aircroft.  The first time NASA used
fost time simulation was toward the end of the X-15
~ program.
time constants with flights they hod olregdy flown. A
fast time constant of 1.5% felt closest to their ﬂnght
- experience and wos plonned on being implemented in
Lack of funding precluded
the program from fully developing the capability,
however, NASA's test pilots ot DFRC have endorsed the
benefits of using "“fast time" simulation as port of the

" training process (Kolf 1973, Hoey 1976).
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Past studies (Vidulich, Yeh, and Schneider, 1983) have
examined the utility of time compression s dn aid for
training o basic air troffic control skill (g high
performance skill). One group practiced intercepting
an aircraft with the target plone traveling of 260 knots.
The second group practiced the intercepi at 5200
__knots ~ 20 times real time! The subjects in the in the

ARTT hos been implemented

! never .
Cleorly, there were

Pilots compared practice runs at various

260 knot group received 5-6 triols per hour durmq" N

training, while those in the 5200 knott group received
between 72-80 trials per hour. Both groups were then
{ested in real time, ' B



Rkl ol

The time compressed group was significontly betfer ot
identifying the turn point (i.e., the point ol which the
air traffic conlroller commands o turn in order to
intercept en aircroft); there wos no difference between
groups on estimating roll out heading for the intercept.

Researchers oi ECC dnd the University of Central
Florida (Guckenberger, ei al 1992) used o table top
tank gunnery simulator to troin subjects on three tank
qunnery scenarios under five accelergtion factors (ie.,
1.0%, 1.5x, 2.0x, sequential, and mixed). The resulis
of this study demonstrated that training time could be
cut up lo 50%, with performance staying ‘equal to
(sequential, 1.5x) or surpassing (mixed, 2.0x) a regl-
time conirol group (1.0x). Further, in one ARTT group
(mixed presentalion) the meon performance score were
50% higher than the controf group (1.0X). Another
study (Guckenberger, et of 1993), used ARTT on F-16
pert-task simulators and produced g 28% incregse in
the occuracy of performing emergency procedures by
USAF pilots.

RESEARCH OBJECTIVES AND HYPOTHESES

The objectives of this sfudy was to conducl research
reqarding:

1. The relative effectiveness of virlual time trgining
versus conventional training in the some virtuol
envirenment.  Specifically, this study atlempls to
systematically measure the benefits of Above
Real-Time Training to subjects when they are
transferred fo real time testing conditions in g
Virtuot Realily environmend.

2. The time adapiability of humans, that is, chonges
in lime compression conditions of virlual time are

mirrored by human time adoptability so that

subjects are unable to differentiole between
different time acceleration conditions. __Specifically,
this study ollempts to mecsure the perceived
workload demends of individucls in VT and reoi-
time settings using well esloblished gnd validoted
methods.

Bosed on prior research (Vidufich, Yeh, and Schneider,
1983, Guckenberger, et of, 1992, 1993}, it waos

expected ihat fraining in @ fime occelerated
environmenl would lead lo poor performance VEISUS 0
centrol group during training, but would fead to greater

_METHOD

performance on @ real~time tronsfer task . Second,
bosed on the post test comments in prior ARTT studies
(Guckenberger, et df, 1992, 1993}, it was expected
that VI subjects would be unable to differentiote
belween varied time conditions.  Finally, it wos
expected that training under various time manipulations
would not lead to neqotive tronsfer of training to o
reat-time task.

Twenty—eight universily students served as subjects for
this experiment.  All subjects were recruited on a
voluntary  basis in  occordance  with American
Psychological Association.(APA} Principles for Research
with Human Subjects. Prior to testing subjects were

‘given written instructions informing them ‘as to the

general nature of the experiment.

The experimenl wos run on a Virtual Environment
testbed developed ol the Institute for Simulclion and
Training ond funded by ARI (Army Research lnstitute).
The test-bed incorporates two 486-50 PC’s with Intel
OVi2 video cards, ¢ Polhemuys Fostrak with three
sensors installed, a Virtual Research Helmet Mounted
Display (HMD), o custom designed rapid gesture
recognition glove (ChordGloves#), and o drafting table,
The software wos developed using the WorldToolKit
library from Sense& Corporation.

The Fastrak source was mounted and centered in ihe

back of the drofting table. Two Fostrok sensors were

used for viewpoint and right hand tracking.” The -
viewpoint sensor wos mounted on the front of the HMD
with tip offsets odjusted to report volues exactly at the -
cenler of the eyes. The hgnd sensor wos mounted on
the top of the ChordGlove and tip offsets were

caliorated to report values at the point where the
~ thumb and forefinger touch in a pinching gesture. - '

Al viewing parameters were coreful'iy calibroted 1o

insure a one fo one mapping between the drof’nng
table in the real worid and @ model of the table i in the
virtua! world.  Stondard WorldToolKit™ functions ~for

~ pardllax, convergence and Fastrak sensors were

modified to improve this mapping. Sensor. position and

orientation from the hond sensor was directly coupled
fo o jock shoped cursor and acted as o 3D mouse.



Pinching contacls between the fingers ond thumb,
detected by the ChordGloves coused @ cursor color
change and, represented mouse bulton events.

Pr [

I this apglication of Virtugi Time, lwenly—eight
subjects performed o simple tracking and torgeting
tosk)under' two levels of time compression; (i.e., 1.0x,
1.7x).
{1.0x) environment.

The individual subjects were asked to lake o seat in o
chair which hod no wheels and move close enough to
the drafting lable so they could comfortably reach the
lop and center of the lable. Subjects were given
verbal instructions on what they were to look for in the
virtual world.  Subjects were_informed that a 3D block
would be moving  back, forword left to right up ond
down while moving in ‘o random 3D pottern. They were
then insiructed to place g glove onto their hand ond a
helmet was placed on their heods. Subjects were then
told thai Lthe screen cursor represented g point
between the forefinger end thumb.. If they positioned

All subjects were then fested in o teol-time

the center of the crosshairs inside the-target ond _

pinched their thumb end forefinger together the torget
would disappear and end that trigl
objective was to grob the virtual block as quickly os
possible ond eoch lrial did not end until subjecis
successfully grabbed the block.

Fach subject performed eighleen trigls: Three
familiarization irigls, ten training trials and five {esling
(legnsfer  of iroining) frials.  Five subjects were

rondomly gssigned to the Above Real-Time Trgining

group (1.7x) ond five to the control group (1.0x).
Subjects were given the three familiarization trials at

their assigned speed end then @ one minute break.

Next the ten training tricls begon, ogoin af the some
assigned speed. When this was complete, another one
minute break wos qiven. For the lost five iesting {for
{ransfer of iraining) trials the control group was ogain
lested ot 1.0x, while the Above Real-Time VT group,
who received lraining ol 1.7x, was also tested ol the
1.0x rate.

In order io determine i perceived worklood demands
were significantly different between the Above Real-
Time Vi group ond the conlrol groups three
questionnaires were odministered. These questionnaires
were developed by modifying the Wewerinke (Wewerinke,
1974), which is o modified Copper-Harper scale
{Cocper and Horper, 1969), and NASA Task Lood Index

The “subject’s .

(TLX) {Hart and Stovelond, 1988) surveys. Both of

these scoles are well established and volidated.

The modified Wewerinke scole (Wewerinke, 1974) was

used os the basis for two questionnaires, one
measuring perceived temporal demands and the other
perceived menial demands.  The temporal demand
survey measured perceived temporal demands of the
task on ¢ scale ranging from O~ completely leisurely,

very slow pace {i.e., an elderly person strofling through

a pork) 1o 9- frontlc (ie., the Olympic 100 meter
dash). The mental demand survey measured perceived
mental demands of the iosk on a scale ranging from
0- completely undemanding, very relaxed and
comforioble (e, chewing qum} o 9- completely
demanding (i.e., a time—pressured physics exam).

The modified NASA TiX scale (Hart and Stavelond,

1988) was used_ to delermine if there were any

perceived differences in the following foctors:  miental,
physical, and temporal demands, personal performance,
frustration level, and effort level. The scale used fo

measure each of these factors ranged from Very Low

(0} to Very ngh (100).

RESULTS

Row performance dota wos coflected aifer every trial.
Summary date wos then analyzed using ¢ statistical T
lest. No significant difference was detected between
the performance of the VI and control groups during
both the ftroining and testing phases. - This is
suggested to be due to the small sample size used for
the study (n=28) and lorge varioncein subjects inilial

_ VR skills, The irends in the data do, however, seem to

indicate benefils to the VT group during iesting. The
mean of the 1.7x virtual time group (X=0.81 seconds,
SD=0.73) was approximately fourty percent foster that
of the control group {¥=1.36 seconds, SD=1.42)
during the testing phase (see Figure 1). The VT trend
seems 1o indicate increased performance similor to
prior ARTT studies (Guckenberger, et al 1392 1993).

. This promising trend suggests further investigotion is

warranted.

" “The mean scores for both the reai-time (1.0¢) and the
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Virtugl Time (1.7x) groups are labled ond grophlcally
depicted on the following page.” ~ -



Table 1 below depicts the means of both groups -
through all three phases of troining (in Sec.).

FAMILIARIZATION TRAINING TESTING
1.0x 378 1.94 1.36
RT
1.7 5.57 3.27 0.81
VT
Time (Sec)
8
B3 —@—1.0x (RT)
6

0 } !
familiar training testing
Figure 1: Descriptive statistics for the VT and Control

groups through alt three phases of training

Although {he experiment. did not detect any significant

performonce. differences between the Above Real-Time

VT ond Control groups {which os aforementioned may
be due {o the power of the test) it would be beneficial
to exomine if there were any perceived workload
differences between these two qroups.

There were no significont differences detected in the __

perceived mental demands of the Above Real-Time VT
group (lraining phase: X=3.8, SD=1.10; testing phase:
¥=3.3, SD=1.20) and the Control (training phase:
¥=37, SD=2.68; festing phose: X=4.0, SD=2.98,)
groups {iraining phase : 1=0.077, testing : t=0.487,
neither of which are significant of the 0.1 level} using
the modified Wewerinke scale. _
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Virtual Time environments.

For 1he training phase there were no significant

differences detected in perceived temporal demands
between the Above Real-Time VI group (X=4.6,
SD=2.51) and Control {X=4.6, SD=1.14} groups {t=0)
using the modified Wewerinke scale. For the testing
phase, however, there was a significant difference in
perceived temporal demands between the two subject
groups.  The Above Reol-Time VT group (X=3.8,
SD=1.10) perceived significantly less temporal demands
that the Control group (X=5.6, SD=1.52) during the
testing phose (t=2.15, which is significant of the 0.1

level).

The results form the modified NASA TLX scale indicated

that the only factor for which ¢ significant difference

was detected between the two groups was frustration

level. The Controf group (X=20, SD=19.04) perceived
significontly less frustration ihat the Above Recl-Time

VT qgroup (X=54, SD=27.93) during the training phose
(t=2.249, which is significant at the 0.1 level)

These survey results indicate that the Above Real-Time ~

VI group, by receiving training ot obove-real-time

rates, iended to find testing ot real-time rotes less

time pressured than the Control group, who received
training ot real-time rates.
difference in femporal demands
differences in-performaonce has yel to be fully verified.
The results do indicate, however, that the above-real-
time training rates fend to elicit @ higher level of
frustegtion than real-time training rates.

These results suggest that the subjecls were unable to

distinquish when they were in 1.0x from the 1.7x
The questionnaires results

subjects would be
different  time

thus support the hypothesis that
ungble to differenticle . between.
acceleration conditiona.; -

CONCLUSIONS

1

Bosed upon the results of this pilot study, iosks that
contain simple psychomotor components such as the
virtual block grob task seem to benefit form virtual
time froining, ot least in terms of a reduction in
perceived temporal demands. The small somple size
used in the sludy ts suggested fo be of insufficient
resolulion to  show stalistical significonce in
performance time, bul the trends seem favorable (see
Figure 1) and bear future investigation with lorger
population samples. . _

Whether this perceived
translates  into__



1) It wos hypothesized that virtual time training would
be more effective than conventional iraining in “the
same virfugl environment, This study did not detect o
significant difference in performance time between the
two groups, but did show the benefit of g significant
reduction in perceived temporol demands for the VI
group as compered fo the control group during testing,
In addition, there were no differences detected in the
perceived level of iemporal demands within each
subject group.
study post test comments regording the inability of
subjecis o differentiole between varied time conditions.

This resuit vaolidates the prior ARTT

2) It is interesling fo note, that both subject groups -

{1.0x & 1.7x) verbally complaingd end occused the
experiment administraior. of “speeding up the blocks”,
and "moking the test harder" after their first one

minuie rest period belween familigrization and training. -

The time rate was constant for both groups going from
fomiliarization to training! It is suggested that the one
minute rest period in virtuaf "blank” space, with its
lack of active environmentcl stimuli, slowed down g
subject's time norm, It is further proposed ihat when
subjects transitioned back into the virtugl training
environment, their time norm, which had been
recalibrated to the "blonk" state, was disturbed thus
leading to a higher level of perceived temporal
demaonds. This anecdotal evidence suggesis ihat the
iransition time to readjust the time norm in this cose
wos one (1) minute or fess. Athough the subjects’
comments have no scientific  weight, it
remembering that the original ARTT application success
was in_response to onecdotal comments from NASA
test pilots. The transition time between different time
norms is thus_ of interest and should be o torget of
fulure research efforts.

bears.

Finally, os expecled troining under various time

manipuictions did not lead to any negative fransfer of
training to a real-time task (i.e., the VT group dig not
perform significanily slower than the control group
during the testing phase). As aforementioned, this wos
expecied due to the similarity in the tosk stimuli ond
response requirements of the fraining and testing
phases (Holding, 1965).

A key finding wos the significant differences in the
perceived temporal demands between subject groups.
The VT group perceived less temporal demaonds during

539

the testing (1.0x) phose than the control group. . These
results indicate that VT is a potential means of
exploiting an existing cbility of humans (time
adaptobifity) within virtual lraining environments in
order to achieve performance enhancemen! in real-
time situgtions. Virlual Time as applied to the intrinsic
time odaptability of man is o vast new field of qreot
potentiat, -
It ts worth noting that adding VT to on existing Virtual
Reality environment for this experiment was a low cost’
software only change with the software modification
requiring less thal 6 mon hours.  The low
implementalion cost and large potential benefits
coupled with current economic conditions suggest VT
as g timely solution,

The research results from this experiment support the
on qoing synthesis of ARTT or Fast-Time Simulation
into  cohesive theory. The current theory schematic
{i.e. Appendix A) below encapsulaies the progression
and evolution of ARTT theory into Virtual Time.

future Reséorch Directions

Near—term work will focus on expanding the epplication
of VI for emergency procedure training. The Silicon

~ Graphics FLIGHT, DOGFIGHT and Shadow simulations
" have been successfully altered to support faster than

real tima rates. Wirtual environment versions of these
simulations are already being developed on o variety of

_ manufactures hardwore and will be altered to show

Virtual Time in flight simulation,

The overall aim of the VT concept is to exploit the time
odaplobility of humans and foster G new way of
thinking about {ime manipulation in ihe human-
machine .interface. Future research directions include
saofely, education, medical, and  entertainment
opplications.  For example, it would be pessible 1o
increase the voice and data communication rate over o
virtual network to allow crews or teams to train of
foster that regl-time rates. - Time flow could be
menipulated for the benefl of the frainee.  New
training methods that are e Aewdie would change
the form, fit and function of the humgn-machine
interface.  Above Real-Time VI programs are initially.
planned in simulation and training with follow on efforts
involving the use of VT in human—-machine interfaces.



Emergency procedure training for  pilots, both
commercicl ond military is envisioned as the initial
proving ground,

The use of Virtual Time to investigate the noture and
fimits to the time adoptability of man.

Resegrch the tronsition time to. change "time narm
settings", investigate if the irensition time is dependent
on the difference in environmental time rate changes,
or q fixed transition time unaffected by the omount of
environmental time rote change.

VR emersive nature binds humon’s. time norm even
more tightly than conventional simulation.
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APPENDIX A Theory Schematic

HUMAN TIME PERCEPTION ALTERED TIME PERCEPTION

LISTENING ( AUDIO ) SPEED LISTENING { AUDIO )

READING ( VISUAL ) SPEED READING ( VISUAL )

SPEED WATCHING
( AUDIO/VISUAL )

VIDEO WATCHING
{ AUDIO/VISUAL )

ARTT & FAST-TIME
SIMULATION
{ AWV + INTERACTION )

SIMULATION
( AV + INTERAGTION )

P11

VIRTUAL REALITY

LEGEND  <gmumulp> = HUMAN TIME ADAPTABILITY
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