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ABSTRACT

Increasing systems sophistication and iimited personnel resources are dramaticaily

demonstrating the need for cost effective training, operations, and mainterance assistance at the
work site. The lInteractive Multi-Media System (iMMS3) addresses these needs by providing
training, technical documentation, and operations information in a highly. interactive format
using advanced microcomputer a2nd optical videondisc design. [MMS uses Spatiaf Data Management as
a means to provide users with rapid and natural asccess to varied. fTypes of information In an easy-
to-use and unified format. There are no ianguages to learn or typing required with IMMS.
Cptical videodiscs are used in IMMS to provide users with Immediate access tfo interactive video-
based Tnformation. Some of the Interactive videodisc functions supported by iMMS inciude
élagnostic procedures, sftep-by-step assembly, maintenance, and operations activities, and
technical information support. Other multi-media aspects of IMMS include the use of variable
data sources such as microfiche, videotape, remote data systems, and teleconferencing to. support

changes in technical informaticn and procedures as well as off-sife instruction. Finally,

embedded subsidiary incentives in IMMS stimulate the learning and usage of iMM§ by users.

INTRODUCT | OM

The productivity [imits of our current
training technology may have been reached. Massive
efforts To improve “stand-up" lectures, printed
training materials, and "hands~an" |aboratory
experience have .begun 1o vieid too few slignificant
returns. We need revolutionary new techniques that
will break through the constraints posed by

exIsting training technclogies and allow us to beat .

the current tradeoffs that must be made among
costs, quantity and quality. Videodlsc technology
is one of the mest promising sources of These new
Yechniques.

Yidecdisc technoclogy s creaving opporiunities
for new kinds and forms of training devices at
surprisingly low cost. At the heart of thls
technoiogy is the capability fo access tens of
Thousands of color Images, including stereo sound,
In seconds of fractions thereof. When coupled with

t+he new uniquitous microprocessor, videodisc .

technology offers new opporfunifies for iraining
applications as well as new issues for the training
specialist.

In this paper we share some of our ideas and
experiences in the application of IMMS to training.
Specifically, we will examine three rew Ideas for
tfraining applications which
technology. We then consider issues relevant to
these applications and their
training. We beglin a brief review of +he
characteristics and capabilities of the optical
videodisc.

OPTICAL VIDEODISC TECHMCLOGY .
A videodisc [s similar to an audio record

except that each side of a 12-inch. disc contalns 3¢
minutes of tefevision., Since teievision is the

use videodisc  as JVC, 1BM, Xerox, Zenith,

implications for.

rapid presentaticn of pictures at 8 rate of 30
Images per second, each side of a videodisc
contains 54,000 still pictures in color, -~

~ The player for a videodisc is much like a
turntable except that under computer contrel the
plaver can rapldly find any particular parf of The
videodisc. Specifically, any one of the 54,000
Images, or any part of the 30 minutes of televislion
on a videodisc, can be located typically in &
fraction of a sehondt_'ﬁ videodisc provides a
combination of moving and still images, any parf of
which can be guickly located.

Videodiscs are made like audio records using
original materials that can be movies, vndeoTapes,
pages of text, tables of numbers, graphs, charts,
maps, drawings, diagrams,.or photographs. From the
original materials, a master cisc is produced that
in turn is used ‘o "press® mulfipie copies speedlly
and aft [ow cost,

Three types of videodiscs and videodisc
players are now available. The players are

characterized by the market they are targeted for:.

general consumer usage and [adustrial/educational
applications.

waiting in the wings, bu+ only six are now
marketing videodisc players.

~ Magnavex, a wholly owned subsidiary of Philips,
began selling a. consumer model player for abouf
3800 in December 1578.

- Discovisicon {GVA), under [icehse by MCA, began
general sales of an :ndus+r1al p!ayer for abouf

$3,000 in June 1979.
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- Thompson—-CSF began sales of an industrial player
for about $3,500 early in 1980.

~ Ploneer began sales of a consumer player for
about $700 late in 1980.

- RCA began sales of their consumer videodisc
player early In 1981.

- Sony began limited sales of an -industrial
videodisc player In mid-1981.

Scme of the aforementicned companies have anncunced
marketing plans for their videodisc systems.

Matsushita (which markefs under brand names such as.

JVC, Panasonic, and National) and several other
Japanese companies have announced marketing dates
of first quarter 1982 for their consumer videodisc
sysTems.

The differences between consumer and
Industrial systems are significant as Table |
shows. For instructional setiings, the Industrial
players incorporate microprocessor control for fast
random access, pre-programmed branching, and frame
sglection. Microprocessors have also been
installed in the less expensive consumer players to
provide random access, branching, and frame
selection. However, the servo-mechanism in these
players requires from 15 +o 20 seconds to lccate a
frame In the worst case. Meximum access Times for
the Tndustrial players are under four .seconds. The
consumer players lend themseives to instructional
application, but the functional capabilities of the
industrial players may be sufficientiy greater than
their higher cost is justified. With experience,
we should discover what various videcdisc features
buy in terms of instructional achievement and will

thereby be abie to recommend commercial or _

_be a

laser focused on the track and thergby generate a
signal that is processed and passed to a standard
video monitor (il.e., to the antenna terminals of &
TV set).

One video. frame is stored cn each track and
there are 54,000 tracks per dlsc. Video, audio,
and still phofographlc information-can all be
intermingled on these discs. These videodisc
systems effectively provide rapid access to 30
minutes of video information, 30 minutes of
analogue audlo information, 54,000 s¥+i1li
photographs, well in excess of 400 hoursd of
digitized audio information, 30 minutes of motion
picture information, or varlous combinatlons of the
above, The point to be made is that videodiscs

provide rapid random access to 3 _lot of information

which can be Inexpensively stored and replicated.
Tabie It presents & summary comparison of the
videodiscs discussed in_this section. o
There are at -least two. important. differences
between the DVA/Sony/Philips and the Thompson-CSF
videodisc systems. First, the Thompson Disc (3
"transmissive" whiie the o?hers are “reflectiven,
Light from a laser passes through the Thompson-CSF |
disc and is picked up on the other side. On a DVA,’
Sony, or Phllips system, the disc reflects light
back up so that light is sent from and received on
the same side of the disc. Three implications of
this difference In +echnical approach are: (11 the
Thompson=CSF disc is "floppy", It can be rolled up
in magazines and newspapers, and the reflective
disc 1s rigid; (2) by adjusting the focus of the
iaser, either side of the Thompson-CSF disc can be
read without physicaily turning the disc over. |If
both sides of the reflective disc are to be used,
It must be physically turned over=-— or there must
‘light _source for each side; and (3).the

industrial players depending on instructional Thompson-C3F disc 1s more sensitive +o dusf and
settings. dirt +han the reflective disc.
Features Consumer Players IndUSLréfszducatlonai
Laayers
Cost £800 - $2500-53500 o ' s
Scill frame Manual or automa- . Mapual or programmedx .
tic . -
Frame random Manual Manual eor programmed

access Visual idemsiti- Visual,
catien “keyboard selection, or” =
programmed
Frame-by-frame Manuval Manual or programmed
“stepping" - -
Variable speed Manual Manuzl or programmed

motion (forward

or reverse)

Two discrete Yes
sound channels

Yes

xProgrammed control may be through an on~board video disec player
microprocessor or an external computer.

——— S . : -

Table I. Comparigon -of Consumer With Induscrial Video Discs : -

With the exception of the RCA system, the
videodisc players discussed above are all optical,
laser-based systems. They use a 1Z~inch disc with
a spiral track. The track is pitted with oblong
depressions or micropits about 1 micron deep fhat
vary in accordance with +he audio or-video
information they represent. During playback the
disc spins at 1,800 revolutions per minute while
these micropitfs modulate a low power helfum-nson

The second important difference between the”
Two discs is that the Thompson—-CSF disc systems
observe Eurdpean PAL/SECAM televislon standards as
well as U.5. standard NTSC. The refiective disc
observes only American NTSC televislon standargs.
When used in PAL/SECAM mode, the Thompson-CSF disc
therefore provides more lines per display. The
major instructional implication of this difference
seems Yo be tThat because of the better resolution
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Discovision DVA

Thompson;CSF

Magnavox/Phillips
Cost $800 2,800 $3,500 .
Market Consumer Industrial/kdu- Industrial /Edu-
cationgl cationgl
Cost of $1,500% $1,500 51,500
Master c . b ) i
Cost of $5-$10° $5-$10 $18
Copies ) B o 7
Technology Optical-reflective Optical-reflec— O?tlsal-tians— i
(two-sided zlumin-— tive ( | ) missive (ty?— B 7 o
um disc) sided aluminum sided plastic T =
disc) disc) :
Standard NT5C NT8C __NTSC, PAL/SECAM

2Cast per side

bCost includes $1.00 for protective plastic cover . o

cDepends on quantity.

Table II. Summary Comparison of Three Video Disc Sysgems

with PAL/SECAM standards, programs +hat display
large emountts of text may be better suited to the
Thompsor disc. On the other hand, it instruction
designers want to take advantage of the millions of
already purchased television sets in American
homes, schools, and Industries, they may be well
advised fo use NTSC encoded videodiscs. o

Szcond Geperation Disc Technology

Two second generation davelopments in
videodisc technology appear to be parficularly
notable for instructional appliications.

First is the anticipated appearance of direct
read after write, or DRAW, technology. The
important aspects of the DRAW disc is that it
stores 1010-1012 pits of digital information on
fach side of the disc, This development is being
undertaken by both RCA and Phillips. in the near
term, videodisc systems uslng DRAW -technology are
likely to be very expensive. However, DRAW disc
systems may be hetiter sulted for the small voiume
experimental development that is characteristic of
many instructional settings. ”

Second is the development of stiill frame
sound. All currently avaliable disc systems only
provide sound when the dlsc fs played at 30 frames
per second. Unfortunately,  this detracts
considerably from the disc's instructicnal value
guring slide-type presentations. DVA and Sony have
- both indicated that some form of compressed audlo
providing 3 fo 30 seconds of sound per frame is
under develapment.

Yideod[s¢ Yersus Yideotape

A brief comparison of videctape capabilitles
wlth those of videodiscs may he in order at Fhis
point. After all, videotapes represent a repidly
maturing technology, and they can offer many of the
features of videodiscs such as random access,
variable speed play, and reverse motion. Three
points appear to be sallent:

1, Tapes can he edited and current videodiscs
cannot. This difference s tlkely 1o be removed
with the appearance of the DRAW technology
discussed above. DRAW technoiogy will, of
course, provide editable videodiscs quickly and

that I+ makes possible an entirely new set of
tralning experiences.

1. Perspective.

Z. Detail.

3. Level of

relatively inexpensively,

2. Random access tc arbitrary peints or & videodisc

is much faster than similar access-using
videotape., Random access on Iindustrial
videodiscs is less than 4 seconds compared with
20~100 seconds on videotape. Moreover, accuracy
of random access on videotape leaves something

to be desired. B _

3. Still frames are possible using either videodisc

or videctape, but it Is exceedingly expensive
and cumbersome on videotape and single stepping
through a series of still frames is essentlally
impossihle. A far more comprehensive and
detailed comparison of videcotape and videodisc
has been prepared by Heuston (2). '

APPLICATIONS OF IMMS TO TRAINING
One of the most exciting aspects of [MMS [s

This section .describes such
new appiications ranging from new kinds of training

movies to low-cost simuiators.

Anteractive Movies

Interactive Movies, illustreted in Figure 1,
translate movie viewing into an active
participatory process. In effect, the viewer

becomes the director and cortrols many featires of
the movie. A sampling of feature conirols
available to the viewer is FThe following:

The movie can be seen from
different directions. In effect, the viewer can
"walk around” ongeoing action in the movie or
view it from above or below.. .

The viewer can "zoonm .in" fo see _
selected, detailed aspects of the ongoing action

--or can "back off" to gain more perspective on .

The action and simultanecus activity elsewhere.

instruction. In some cases, The
ongoing action may be too rich in detail or it
may include too much irrelevant detall.
viewer can hear more or less about the ongoing
process by se instructing the Interactive Movie
System. -
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Flg. 1. lllustratiun of an Interactive Movie.

4. Level of abstraction. 1In some instances the
viewer may wish to see the process being
described in 2n entirely different form. For
example, The viewer might choose to see an
animated line drawing of an engine's cperation
to get a clearer understanding of what is going
on. In some cases, elements belng shown In +the

line drawings may be invisibie in the ongoing

action— for instance, electrons or force fields
can be shown.

5. Speed. Viewers can, of course, view the ongoing
action at a wlide continuous range of spesd~-
inciuding reverse actlon and no action (still
frame). :

6. Plots Viewers can change the Yplot" to see the
results of different decisions made at selected
+imes during the movie.

A typical application for Inferactive Movies
would be In fraining {and aiding) equipment
technicians. The technician could not only see how
a particular part is located and instalied from
several points of view {e.g. top versus bottom! but
could interactively control how detailed a
description 1s eifher seen or heard regarding that
maintenance activity.

Several Interactive Movlie videodiscs have been
compieted using hand to hand combat (i.e., karate)
as the sub ject area. These discs et the viewer
not only confrel playing & particular karate move
backward and forward at any rate, but also Include
multiple views and closeup views foilowing every
move from four ¢ifferent positions., In progress
are several Interactive Movies that focus on
equipmeni maintenance tasks.

Surrogate Jravel

Surrogate Travel, illustrated in Figure 2,
forms a new approach to local famillarization and
low cost trainers. ‘The basic principie is simple.
On videodiscs are stored up to 108,000 [mages
showing discontinucus motion along a large number
of .paths In an area. Under microprocessor controt,
the user accesses different secticons of the disc,
simulating movement over the sefected path.

The user sees with photographic realism the
area of interest. Urlike a travel movie, the user
is able to both choose the path and centrol the

1 I ;
T = —— T
e e X e et L L

&

Fig. 2. Illustration of Surrogate Travel.

speed of advance through the area using simple
controls. The videodisc frames the viewer sees

originate as flilmed views to what one would
aciuzlly see in the area., To ailow coverage of
very large areas, the frames are taken at periodic

_ Intervals that may range from every foot inside a

buitding, to every ten feet down-a city strest, to
hundreds of feet in a large open area {e.g., a
harbor?.

The rate of frame playback, which is the
number of times each video is displayed before the
next frame is shown, determines the apparent speed
of travel. Free choice in what routes may he taken
is obtained by filming ail possible paths in the
area as well as all possible turns through ali
intersections. While it might first appear that
this would be a ¥ime consuming and expensive
technology, 1t Is in fact relatively efficient
because of the design of special equipmernt and
procedures for doing the fliming. -

Demonstrations of this technology have been
developed for building infteriors (MIT, National
Gallery of Art), a small town (Aspen, Colorado), an
indusrial facility (nuclear power pient), a weapon
site, and San Francisco Harbor. In progress is the
production of 2 prototype video mapping library of
broader scope for selected areas worldwlide.

To preovide +training Iin reading and
understanding maps, the photograph-based Surrogate
Travei 1s {Inked to different sorts of maps of the
area, In effect, the viewer can travel across a
wmap, can fly Info it getfing greater and greater
detall from what can be presented by standard map
symbology, and Then "fall through® the map to see
photographically what the map deplicts. In
addition, the viewer can switch among different
types of maps (e.g., fopegraphic, infrared, etc.)
to develop an understanding of how different map
symbologies and representations interact.

fn addition o ground [evei tfravel, inciuding
the inside and ouiside of buildings, azerial filght
experience can be produced and used for fiight
trafning and airport famiiliarization. Similarly,
cther forms of fravet experience, such as anchorage
piloting and low level nap of The earth flylng, are
also easily accomodated. .

Surrogate travel can also be used to provide
trairing on routine anrd emergency procedures,
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physical plant maintenance, safety, security as
well as ofher fraining requirements found in ships,
mititary and industrial facillties. In these
applicatiens blugprints, floor plans, procedures,
and up-to-date reference materials are |linked with
the photography of the site to provide a powerful
and easy-to-use training system,

Electronic Lif .

Efecironic libraries, iflustrated in Figure 3,
in the form of Spatial Datz Management Systems
{S0MS) provide students and instructors with quick
and easy access to an assoriment_of multi-source
and multi-media information {3), Users literaliy
"fiy over" information and select what they want by
simply pointing. Spatiality Ts use to group
materials into lesson plans so that dlfferent
information spaces represent course cohcepts,
additional instruction, and assessment procedures.

r
e
“ig. 3. Itlestration of un Eledtzonic Litiary.

Stored on a videodisc are tens of thousands of
frames consisting of photographs, diagrams, charts,
texts, movies, spoken speeches, music, graphs, etfc.
The pages can- be organized, reassembled, segmented,
ang/or duplicated in accordance with the user's
need and growing sophistication-with the subject
matter. The pages can be annotated, highlighted,
drawn-on, underlined, etc., at the user's
convenience and pleasure.

for the instructor, the SDMS provides ready
access to a wealth of material which might
otherwise be unaccessible, Instructors cen access
the SDMS to create their own.information spaces
(f.e., courses or lectures) and subsequently
present such materials to large audiences in single
focations vie large screen television prejection or
toe multiple tocations through cable distribution
systems.

Students can independent|y use the SDMS for
self paced instruction by either working through
previously designed information spaces or by
browsing on their own. . When students and
instructors are in remote {ocations, offsite
insiruction is facilitated by linking two or more
S0MSs together using regular telephone lines, In
this manner, a studeni or instructor can {iterally
fly the other to a topic of interest, sharing at
geographically remote sites a large library of
intormatlen.

-~ The same video materiais can be used for
hundreds of different users. The only thing that
-must be changed from user to user Is the magnetic
storage medium which serves as the user's private
librarian for the videodisc. T -

The U.5. Marine Corps Education Center is -

using the videodise and SDMS tfechnology +o create’
the. electronic. library which we have discussed.
The low cost replication characteristics of the
videodisc make this medium an attractive
alternative for the distribution of previously
archived Tnformation.

ISSUES

Development and use of training applications
employing the videodisc such as those discussed. in
the previcus section raise a set cf issues 1o be
considered by the training community. A few of
these issues are briefly discussed below: -
1. What are the authoring requirements in preducing

videodisc based training systems? Probably +the
most Important requirement is the need to work
freely with the capability of stering and aimast
instantaneously accessing over 50,000 frames of
information. Our experience s that many
videodisc first-timers make only inecremental use

ot the technology because they do not take )
advantage of its random access characieristics.

- Missing from +he videodisc milieu are
inexpensive authoring sysfems fthaf woufd enable
authors to put together and +%ry out new
videodisc program concepts. Bunderson and
Campbel! (1) have prepzred a more complete
discussion of this issue.

2, What is the role of digitized scund and
- .- synthesized speech in videadisc appiications?
Currentiy, severai groups are experimenting with

‘a number of means to overcome the lack of s¥ill
sound in videodisc systems. Future videodisc
systems will aimost. certainly incorporate still

- sound capabilities. However, synthesized speech
may have an Important place in videodisc
applications given the rapid, random access
capablilities of videodlscs. For example, 'in the

- Surrogate Travel application discussed earlier,
the controliing computer also generates

narrative descriptions that accompany the

viewer's travel. Speech synthesis is used as
the sudio channel because it is not reasonable
to prestore 2l things that could be said tfor
all possible routes that the viewer might take,

3. How dces. videodisc . technology affect the

accessibility of training devices? A lot. With
“the videodisc, the tralning device deslgner geis
a comparatively [ow cost (poteantially less than
$1,000) system ihat brings together an array of
media (slides, text, graphs, movies, sound) in a
compact and robust. form. In some instances,

very expensive computer graphics based systems

may be replaced by inexpensive videodisc
players. '

4. How "smart" s videodisc training device is
needed?® Smart, yes, but not brilliant. The
applicaticns discussed earlier zil use videodisc
players controlled by smatl, inexpenslive
microcomputers. Future videadlsc players may

incorporate sufficiently capable microprocesor

systems to allow ‘the necessary functlons to be
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completely on board. While it is frue that the
players avallable teday include a small
microprocessor which can support branched
instruction-= usage in this mode is far removed
from the real poteniial of the videodisc as @
training device.

5. How can training take advantage of +he “super
realism" offered by videodiscs? In the
Surracgate Travel and low cost trainer
appliications, the viewer sees the real place
(e.g., a real tank and, 1f appropriate, a real
expliosiocn), This is all made possible by
storing a fascimile versicn of events and
materials on the video disc. Thus, instead of
seeing a simplification {although at times this
may be beneficlal), the user interacts with the
ob ject or precess as it will be encountered In
the work place.

6. Are videodlsc fralning devices inherently "fun®?
Stated In another form, since television is fun,
wlll videodisc training devices find greater
acceptance? Without attempting a2 full analysis
we state our experience: Users enjoy working
with these systems. We cannot say if +his Is
because the systems are well designed, because
they include color, sound, and motion, because
they are a famitlar medium (televislenl), or
because of something else. Nonetheless, the
overwhelming Impression we and others have
gained from working with videodisc systems is
that users like them.

The list of issues above [s in no way
complets. What we have attempted to do Is alert
the reader. +o some of the questions which have
arisen Through our own experiences. We feel That
fhe area of videodisc based training devices is
extremely promising and deserves consgiderable
aitention by the training community.
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