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Arguing that the systematic application of knowledge

about instruction to videodisc technology is essential if the full
potential of this medium is to be realized, this paper begins by
discussing the need for intelligent videodisc technology in our
educational system. A brief review of the state of the art in
intelligent videodisc systems, which describes their capabilities and
limitations, is followed by a similar review of some aspects of
instructional theory that have implications for the design of
hardware, software, and courseware for such systems. Some of the
problems inhibiting the introduction of videodisc into education are
then discussed with emphasis on the lack of sufficient high-quality
courseware. Finally, 2 section on new horizons suggests solutions to

these inhibitin

factors under the rubrics of general recommendations

and recommandations for making better use of present knowledge, for
the delign of hardware and software, and for the development of

instruct

onal models ané theories for videodisc systems. A 13-item

reference list is provided. (RP)
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There is in the literature a sense both of excitement
and of urgency about the use of videodiscs in education.
Bork, Luehrmann and Schneider (1977)capture this mood when
they write, in a summary of conference proceedings on
intelligent videodisc systems: “an important moment is
occurring, the moment when the computer plus powerful
associated audiovisual capabilities can have a major effect
on education at all levels® (p. 3). A few paragraphs later
they continue, ®*it is realized that hardware alone is not
sufficient but that hardware sales will be driven bg the
;:ailabllity of well-tested, effective course materials® (p.

This same theme is also reflected in this paper, as
an attempt is made to show how the systematic application of
knowledge about instruction to videodisc technology is
essential if the full potential of this medium is to be
realized. Specifically, the paper will begin by discussing
the need for intelligent videodisc systems in our
educational system and will show, as Dustin Heuston (1977)
does 80 persuasively, that "this is a propitious historical
moment to work with ... the use of technology® (p.16) to
solve fundamental educational probless. A brief review of
the state of the art in intelligent videodisc systems will
describe the capabilities a tations of these systems.
This section will be followed by a similar review of the
state of art in aspects of instructional theory that have
Iﬁ‘pﬂcnﬁono for the design of ﬁ.:am.. software, and
coursewvare for intelligent videodisc systems, and by a look
at some of the problems inhibiting introduction of videodisc
systems into ucation, with primary focus on the lack of
sufficient high—guality coursevare. Finally, a section on
n horizsons will discuss solutions to these inhibiting

actors, including general recommendations, recommendations

for making better use of present knowvledge, recommendations
for the design of hardware and software for intelligent
videodisc systems, and recommendations for the development
of instructional models and theories to meest the needs of
coursevare design for videodisc systems.

One final clacrification is 4in order. Because the
enmphasis in this paper is on “intelligent® videodisc
l{ltell--thlt is, videodisc players and monitors interfaced
with an external amicroprocessor or ainicomputer—-the
literature on cosputer-assisted instruction (CAI) |is
directly relevant, and indeed it informs much of the
discussion in thia paper. Conseguently, trefersnces to
minicomputers or CAXI which J0 not explicitly mention
videodiscs ashould nonetheless be understood to apply
directly to videodisc instructional systems also.




The Need for Intelligent Videodisc Systems

In a paper commissioned by the National Institute of
Rducation entitled, ;gg romise and inevitability of the.
videodisc in education, Heuston ~(1977) summarized the
contemporacy educational situction by pointing out that
standard educational institutions have failed to educate a
latge enough segment of the population to a high enough
level that they can find meaningful jobs in this

post-industrial society in vhich high levels of literacy and
computational skills are prerequisites.

The central problem, Heuston contends, is that
teachers have too much work to do and, moreover, are
confronted by serious obstacles in their attempts to execute
their four major tasks. Pirst, their efforts to preseant
needed ;n;ggg;g;%% ac a level appropriate to individual
students are complicated by the wide range of ability levels
and learning styles present in any one classroom. Second,
their attempts to provide each student with as many trials
with feedback as are necessary to achieve mastery is once
;g:l: t:::tl.t:d :y incg:gltiblo ingividual‘an:hgf:upt::ed:.

td, task of providing an enviroment in ch students
2%% tivated to learn is exacerbated, especially in inner
city schools, by adverse intellectual traditions and by the
effects of television. Pinally, the task of passing on

these skills snd knowledye to other teach is shorte ed
e N e e e e e e consuming.

Heuston identifies three possible solutions to such a
work problem: (1) hiring more workers, (2) finding ways to
make existing workers more productive, and (3) harnessing
technology to do more of the work. Of these, the
application of technology is the only feasible and
cost-effective solution, for, as Heuston argues, not since
the invention of the printing press 500 years ago have
educators had available to them processes as capable of
producing a Quantum leap in "educational work efficiencies®
(p. 13) as are available to them now with computer and
videodisc technologies. To quote Heuston, "occasionally, a
nev technology appears which is applicable to a certain
process and allows, therefore, a guantus leap to be made in
the amount Oof work that can be done by a worker in that
field"” (p.l1l1). Whereas man typically attempts to improve
his efficiency by fine tuning the process currently in uee,
no amount of such fine tuning can produce as much of en
increase in work per worker as the new process. Intelligent
videodisc technology is such a new process. Moreover, as
geniconductor manufacturers continue to double the number of
components contained in a single 1/4 inch silicon chip, and
as computer hardware, therefore, continues to drop in price,
the rtunities afforded by this technology will become
increasingly attractive. By 1980, "powerful computers with
ug to a million bits of memory will be all on one chip and
will cost less than $100" (p. 16).




Birschbubhl (19111 also underscores the nesed to
improve student achievement without lowering acadesic
standards, and the need to individualise instruction, in bis
case for a ggm student population which is
increasingly heterogenecus due to open encrollment policies.
Be esents these needs~-as well as the necessity of
providing present and future generations of students with
the computer literacy and skills required in an increasingly
computerized society-~as ressons for  supporting
computer-assisted instruction. To guote Birschbuhl (1977):
"Suffice it to say, any university not now making use of
CAX, should seriously reevaluate its !ooiuon with cespact
to this dynamic instructicnal aid® (p. §).

Beuston (1977) completes his compelling portrait of
the promise of technology for current educational problems
by .describing why computer and videodisc technology are 80
well suited to facilitating the teacher's work in each of
the four major tasks. Pirst, because computers can keep
records of & student's progress through an instructiomal
seguence or curriculum, computer-based instruction is
admicably suited to presenting the student with accurate
information at a 1level appropriate for hia or her.
Similarly, CAI has 1long been crecognized as particularl
effective for providing drill and practice exercises, wi
the trials and feedback necessary to achieve Bmastery.
Horeover, the student is provided with ijate knowledge
of cresults because there are none of nteccuptions of
group instruction, there preventing the formation of
incorrzect eone:g.t: and skills and alloving many more trials
vith feedback could be accomplished in the sane amount
of time in a treditional classroom setting. Thirdly,
computer~based videodisc systeas enhance motivation because
the student controls the pace of his or her own leacning,
and therefore has a greater sense of control over his or her
instruction, and because the * patience® of the
[ ter are unchanging. "Mni' such systems ensure the
replicability of instructional intecactions because
nature of these interactions is not dependent on a teacher's
thlnz' them froa one class to the next, nor on his or
her crelaying to and>ther teacher exactly what tranapired.
This facilitates both the continuous Iimprovement of
instructional interactions and the sharing or transaiesion
of those improvements nationwide.

The realization of this technological potential is,
of course, attended by its own set of problems. In
Beuston's words:

But the most challenging task, as always with

technology, will be to ensure that it is not misused.

This may be a problem becsuse the technol may be

upon us bofore we are prepared. ... Por this reason

for the noxt ten to twenty years the general thrust

p il 6
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of educationsl research and development should be
focused on barnessing and learning how to handle this
nev additional source of work. (pp. 24-25).

In other words, to make effective use of videodisc
mmlooxa further development and systesatic application
of principles of imstruction is necessaty. Koreover, 48 is
argued below, such knowledge about inmstruction must be
applied to the design of bhardware and software for
intelligént videodisc systems, as well as to the design of
couctsevare for those systess.

One point that noels emphasis is that videodisc
systems should not be seen &8s naking teachers obsolete, any
Iot: 1‘m.‘tlun ﬂi'. vheat oubiz: ::do farmers obs:lct;. tlhatﬂi'o
envis s a n acher’s role, just as the
combine offected @& cﬂ'n!c "ﬁ %& nacuce oi the farmer's
wvork. The net result will be greater ®yields®" per teacher
at lower overall costs. One aspect of this changed role is
that, rather than being responsible for a subject matter, a
teacher will bs responsible for a group of students: the
teacher will ' be 1less concerned with the subject
satter~-~teaching-—and sore concerned with the
student--advising and motivating. Perhaps teachers will
actually be able to work on aspects of a pecson's
develorment other than just the intellectual (e.g., the
social, emotional, and wmoral aspects), whic are
increasingly in need of attention.




INTRLLIGENT VIDEODISC SYSTENS:
STATE OF HR m

As with any powerful tool, it ies important ¢to
understend the capabilities and 1limitations of the
intelligent videodisc system in order to be able to take
full advantage of its potential for education. This section
of the paper describes its most important cspabilities and
limitations.

ilitie

A closer 100k at this point at the capabilities of
intelligent videodisc systess will reveal in concrete terms
why experts in videodisc technology comsider it the biggest
breakthrough in -instructional technol since the Gutenberg
Press. . The following is a description of its media
capabilities; its storage capsbilities; its motivational

ilities; its ease of use, maintenance, distribution,
[ ] replications its cost advantages; its advantages foz
leacrner productivity and its 1likely second-generation

capabilities.

Media Capabiliti

The fact that videodiscs can incorporate all existing
instructional media (namely, print, audiovisual duglays.
and computecr-assissted iinstruction) in a single medium is
certainly one of its most impressive features. Noreover,
this integration retains virtually all of the advantages of
each of the component media in a form which previously
ngnlud cumbersone and expensive multimedia sysctems. The
folloving outline elaborates on these capabilities and soae
of their instructional implications. '

Textual material,

Visual %m .
transparencies, " 3:mm slides, teips, microfiln, motion
pictures, and videotape can all be accomsodated on a
videodisc. Schneider (1976¢) sand Braun (1977) see

videodiscs completely replacing conventional motion picture
displays in educational settings, because of both the lecw
cost and the durability of the videodisc system as a
playback device. While videodisc players acre comparable to
£ile projectors in price, the anticipated 'r.nchuc price of
a videodisc (810 - $1S5) is much less than rental fee for
a single showing of a 20-minute £ilm ($§15 - $25), let alone
the $200 tgntcllmn price of a f£ilm (Broun, 1977). MNoreover,
because e focus here is on electroopticai rather than
eloctromechanical videodisc systens (vhere the videodicc is




tead by a laser beam which produces no wear on the disc,
rather than by a needle), videodiscs are understandably much
more durable than conventional film or videocassettes, which
must typically be replaced after 50 and 200-300 showings,
respect vOix (8chneider, 1976). Not only is there RO wedr
on the videodisc by the optical stylus, but becsuse an
objective 1lens focuses the light inside an outer protective
plastic coating, dust, fingerprints, scratches, etc., have
no effect on the playing of the discl

According to Schneider, conventional slide/tape
shows, postcard reproduction series used by fine arts
students, and microsc slide series used by students in
the life sciences could all be replaced videodiscs.
Pinally, by adding still frame sequences to existing sotion
_ pictures, 1literally millions of dollars worth of existing

educational tilms, videotapes, etc., could be rejuvenated.

Audio cgggbllltloo. Currently, videodiscs provide two audio
Tracss which can be used to produce stereophonic sound or
can be used independently, for example to record in two
éifferent languages for foreign-language instruction or to
record at different levels of sophistication (elementary vs.
advanced) for different groups of learners. While audio is
not currently available in still frame, slow motion, 02
reverse modes, continuous audio with still framss, as well
as the availability of wmore than two auvdio tracks, are
anticipated (and indeed have been engineered b{ groups such
:: gzzgtnghculo Technical Training Operations in Baltimore,
Ly .

Modal capabilities (stili/motion, speed, direction). The
abilitcy oE videodiscs to produce both motion and still frame
sequences has, in Bennion's words “produced a new dimension
for audio-visual media® (Rueston, 1977, p. 92). Conmdined
with the ability to-varg direction (forward or reverse) and
speed (normal, slow, fast) and with such features as
automatic and chapter stops, the still-motion capability
provides goworful instructional possibilities. Automatic
stops will automatically switch the display froa a moticn
sequence to a still frame seguence in which supplementary
graphic and textual material can provide in-depth treatzent
of the preceding motion display (rather than the inescapabiy
superficial treatment produced in conventional motion
picture displays.) Slow motion not only allows learners to
study motion sequences in detail, at their own pace, but
also allows pacing to be incorporated as a feature of
instruction where appropriate, for example in 'typing
instruction. Fast forward and reverse allow students to
survey material rapidly and to then concentrate on those
areas in which they are most interested. Chapter stops,
1ike tab settings on a typewriter, together with an index,
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also ' facilitate efficiont wmovement through the disc

apeagyioy, Jugliapss, sl B0t teTte b
e ) Py taBes per side, sade possible by
electronic oddressing o0f each oOf those fLrames, in
conbination with the memory and process capabilities of
computer (whether an inter or external microprocessor, ot
sn external ceatral perocessor), provide the capadbility of
interactive, individual ined instruction. z«: tie
capabilities resulting from intelligent systems includes

1. brenching, with eitber fized or dynamic choices

(henoce, fate knowledge of results)
2. item gemeration ~
3, testing

4. constructed response and answer analysis (matching
student cesponses to correct/inocorcect

© slternatives) .

S. scocing .

6. record keeping (including, for example, the iength
of time or the mumber of trials taken to cosplete

8 seguent)
7. studeat status feedback
8. sinulations and !uu i
9. computer graphics (which can be overlasid omn
videodisc output on & single secreen or can be
output on a separate screen for Dbigher
resolution).
The opportunities for day-to-day collection and mlru of
student performance data implied in the foregoing list are
cited by Birschbuhl (1977) as one o0f many reasons for
support of computer-based instruction. '

. Storage Capab 8

The numbers here are particularly cessive. A
single 30-minute videodisc contains 34,000 tzacks or fremes
ru: side, which are crvad at the rate of 30 per second or

800 per minute. 8till frames are produced re2ding the
sans frame repeatadly. UWhen data is in bhnz orm, oach of
the 54,000 tracks provides 185,625 bits of nemory, for a
total of 1.25 billion _B;g £ disc side. That means, for
exazple, that the entire CYe: ltl&gunggg. or 13
voiumes each with 1,000 300-word pages, can stocred using
only 48 of storage capacity of a single disc (Breun, 1977).
Or again, that a mere 100 tracks of a videodisc can store 20
times as such information is a =nini floppy disc, with
transfer cate and average access time superior to that of
the wmini floppy d4isc by at least two orders of magnitude
(that i3, ? million bytes per second vs. 16 thousand bytes
per second, and 3 milliseconds vs. 463 miliiseconds,
respectively), while system cost, disc cost, and error rate




are approximately twice as good (Braun, 1977). Also, at &
compression factor of 300, a single disc can store up to 1350
hours of awdic. .

These vast storage carbluuu suggest immocdiaste
applications for data archiv ng, including large files of
computer data, which until now could only be stored using
time-shoring or batch:rtoceul facilities (Braun, 1977),

Nozeover, these capabilities will be multiplied many times
vhen dlgitﬂ.unx of textual material will make posgeible
storage of 100,000 characters per frame, rather than the
curzent 300 characters (i disc = 108,000 frames = 13
gigabytes = 13,000,000,000 bytes of information).

Botivetions] Copabliivies

u{ " integrating motion pictures with traditicmal
instructional formats, videodiscs cnhance the motivational
capabiiity and visusl appeal of instruction. ~

Base of Use

In oaddition to the random access capability of
videodiscs mentioned above, ease of usc refors to the fact
that videodiscs are easy to handle (1ike awdio LP's), may be
used at o of the learner’s choosing (unlike televised
instructional programs, for example), and may be t
anyvherte. That is, while videodisc players 4o not yet en o!
the esane popularity as telovision sets, “intelligent
videodisc systemss neod not be intezfaced to a central
processor to *e “intelligent® and can therefore easily be
exported to varieus training sites--a cleat imsprovenment over
conventional CAI systems.

Moreover, the ever-increasing integration capecity of
microprocessors, together with the high-density storsge of
the videodisc, makes the whole system very cospact.

Sase of Haintonance

The d.uublng“ot the videodiscs themselves has
alre ‘been descr « What is equolly appealing is the
low maintenance coats of videodisc players co-saua to those
of videocassette recorlers--fcr example, $4 annually for
the HCA Discovision Model 700 vs. 8180 for a videocassotte
gecorder (Wood, 1979). Hsuston (1977) also refers to the

greater complexity, expenso, and unceliadility of handling
videotapes. _—

11
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While thaps not initially as easily distributed as
books, videodiscs are much cacier to distribute than films
snd videotapes (for exasple, nmuch easier to mail), and
cectainly easier than traditicnal CAI, inasmuch as the

latter dependent on connection by cadble to a ceutral
computer.
Base of Replication

with videcdiscs, as vith books, motion pictures end
CAI, instructional sequences are easily replicated because
instruction is stored in a virtually permanent form, such
that replication does not depend On an lndlvsﬁual'o
renonbering from one occasion to the next exactly what he or
she presented in a previous lesson. Also, copies of
v iscs ‘are stampod (like LP records) rather then
recordod (like audio tapes), which nakes then easier and
cheaper for the manufacturer to produce but more difficult
for black marketeers to produce.

Ql ts

In general, while =material and bharéware costs of
videodisc systens are relatively inezpensive, authoring and
masteri videodisc instruction and’ operating aond
naintain an on-line intelligent videodisc system have
high fixed costs. The key to saking such instruction
cost-e¥fective is selling a sufficient number of copies and
ensuring sufficient use of each individual videcdisc S0 as-
to spread out those high fixed costs. Por example,
economies of scale realiszsble at 1,000 copies or five or
nore uses per videodisc reduce the purchase ccst psr copy to
about $2.00 and result in & cost per student hour of
instruction of $.75, or roughly a cent a minute (Bennion in
Beuston, 1977). At this price, each student could have his
or her own copy.

Nore specifically, cost considerations may bs broken
down into costs for materials, bharduare, developamat,
production (i.e., mastering and replication), and cystems
oporations and maintenance. While the following review is
far from exhaustive, it should reflect the variety of
fectors that need to be considered in a cost analysis. It
dravs extansively on the cost models amlcrd by Bennion
and Schneider (Beustom, 1977), which cet a path through what
night othervise have been an unintelligible mase.

Matorial ggl. According to Wood and Stephens
(1977), the costs of materiala for producing videodiccs are
very low, constituting only adout five got cent of the total .
disc price, as compared to the material costs for producing
videotapes, which make up 20 per cent of total tape costs.

Hardwzre ats. 8chneider (1976) points out that
wvhile an opt!ca%o'v' eodisc player and color monitor ($900)

U9 1o




ate more expersive than a 16 mm ($823) or 8 mm (8354)
projector and screen, it is nonetheless the cheapest of the

. video playback systeas--s 3/4 inch videocassatte player and

monitez, for example, costing .about $1,500.  Also,
Ricschbubl (1975) -rgues that hardware coats should de loss
‘than the costs of coursevare development because of the
expected long 1life of each of the components of an
intelligent videodisc system (videodisc playor, color
monitor, interactive keyboard, and msinicomputer).

Masteci nd replic ;lsg costs. According to Braum
{1977), it costs %T:Oﬁzﬁ_;t uce tne videodisc master and
$1 for each additional copy, so that a run of 200 discs
would cesult in a cost per copy of $6, a run of 1,000 disce

would reduce the coat per copy to $2, etc.

g!ggg%ng gosts. Included here are the costs of
designing, authoring, and producing the intermediate media
needed t0 master the final videodisc, including the costs of
the asuthoring bhardware. Although this is certainly one of
the most exp.neive parts of videodisc instruction, there ate
nonetheless offsetting factors. Beuston (1977), for
example, ezplains that it is possible to produce a broad
ace of {instrectional materials from the authoring of a
si o ocompletely original videodisc (that is, from
production invclving new motion and still frame seguences),
thereby enhancing the possibilities for a profitadble return
on investment. ° Hirschbubl (1973) wauu that authocing
costs can be reduvoed by working gst with existing
ocomputer-bused oozrscware. Benajon (Heuston, 1977) points
out that the number o2 still frames is a critical factor in
development costs. While still freme seguencos ate more
expansive to produce than motion mcu. and therefore

increase the tion coets of v iscs, the pet
% 9_5 s n remaing relatively constant wee
8 tames increase the length of instruction. Bennion

recomnends that & cost analysis be oconducted before
authoring begins to determine the number of still frames
appropriate for a particular instructional sequence, and he
prov a nodol for calculating that number.

%ﬁﬂﬁ#’ ﬁiuﬁ’n’%” lc%ﬁ'«%" al%a %

davelopment and production oosts of
iateractive videodisc instruction s.t student hour, which in
effoct, amortizec the high f£ixzed development and production
costs over the aumber of ies of the videodisc produced
(that is, over the market sisze), the nwmber of times each of
these discs is usad, and the length of instruction available
on the disc (that is, the per cent of the disc devoted to
otill frames). Bennion demonstrates that “when more than
about 135 to 20 per cent of the disc is devoted to still
frames, the <cost of inotruction per hour is essentially
constant® (Heuston, 1977, p. 83). Benco there 18 no
signiticant cost reduction ¢to be gGained by an
all-still-frame éisc, and media solection should be based on
the need for motion vs. gctill frame seguences as well as the

1013



desired length of the instructioa.

Bgually, if wmot wmore, impdrtant is the fact that,
vhen the number of wvideodiscs produced is 1,000 or more
and/or when the number of uses increases substentially adove
five uses per videodisc, then the cost per studeat hour is

ery low (Beuston, 1977, p. 91). Por example 100 discs each
us 100 times, or 10,000 discs each used once, results in
an hourly cost r: -student of about $.75, whereas 1,000
éiscs each used 100 times, or 100,000 discs cach uped once,
produces an hourly cost of less thas $.101

Operations nd pei . While iatelligent
videodisc systems 'l't"'o"oa 'poE"' !g! !co' nnccted to a central
processing unit to be ®intelligont,® Birschbuhl (1977)
emphiasizes that the costs ' of systems maintenance,
operations, and program adaptation for an on-line system are
substantial. Bowever, both he and Schaeider (1976) expsin
that ocomputing - costs can be roduced by storing on the
videodisc itself both instructiosal sequences and the
computer programs needod to exzecute those sequences, thereby
teducing the storage and procescing capacity reguired of a
minicomputer. '

Benefits. . In addition to the cost advantages
realisable <hen videodiscs enjoy widespreasd distributiocn and
utilization, Birschbuhl cites (1) lowered attrition rates,
(2) improved student rt!otuncc. (3) sevings in student and
teacher time, and (4) savings in the student-teacher ratio,
a8 benefits accruing from computer-based instruction.

Learner Productivity

Due to the capabilities for intersctive, .
individualized instruction on videodisc systems, learner
productivi with such systems should curpsss that normall
obtained with books or motion pictures, and it should m!
or exceed that obtained with CAI systems. lMoreover, the use
of videodisc systezss in coantinuing and in-service or
on-the-job education should wmarkedly impzove learast
productivity by elimsinating time normally spent travelling
to the learning center.

Second-generation Capabjlities

Cucrzent emphases in ressarch and developaent for
videodisc  bhardware includes (1) providing continuous audio
vith still frames and providing multiple audio trackss (2)
improving storsge of digital information on disc, allowing
computer prograns, for example, to be stored directly on the
videodisc for dumping in a microprocessor (which would
then execute the desired instructional sequence), as well 28
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graatly increasing the storage capacity of the disc because
of the significant compression of information possible with
digital storages. and (3) outputting both videcdisc and
. computer-generated graphics on scae screon.

. Some of these capabilities exist alrecdy. ror
example, Westinghouse Technical Training Operations in
Balti=ore, MNaryland, has already engineered a systes which
stores digital information and provides continuous auvdio
with still frames, ac well as muiltiple avdio tracks. In
addition, capabilities available by interfacing one or more
of the l{tud of ruphcuu being produced by a burzgeoning
cottage industry include activation of the system by spaech
tecognition and cresponse by voice synthesis, inputting of
visual stimuli, and hard-copy printouts. The possibilities
here would appear to be limited only by one's imaginationt

It is very useful to considor all of the above
capabilities in terms of the various videodisc systems
currently or soon to be available. Bunderson and Campbell
(Wote 1) have distinguished four categories of videodisc
cystems, (1) consumer, (2) instructional/educational oz
commercial, (3) intelligent, and (4) second-generatioa
intelligent; and they have described the capsbilities of
each for daisplaying and controlling print, audiovisual
media, and CAI without an internal microprocessor, the
consumer model (Magnavox) is capable of displaying all prin:
and audiovisual media, including two audio trackss; but
control of the random access and of the display modes (e.g.,
vhether still ocr motion, fast or slow, forward or reverse)
is all manual, as is its linited bnueuoz capability. %Ths
I/8 (industrial/educational) sysiem, which has its owm
microprocessor, adds the capobility of g:ogtanod candon
access, control of display mode, and branching (which,
hovever, is still 1limited ¢to fixed choice). It is the
intelligent systea, vwhich interfaces the videodisc playet
with an extecnal microprocessor, that allows for tzuly
interactive instruction: namely, ansver analysis, item
generation, scocring, record keeping, etc.
microprocessor also allows the production of simple computer
graphics. The cspabilities of second-generation intelligent
systoms have already been described above.

Bennion (1974) and Birechbuhl (1977) both descride a
still hﬁh" level of sopbistication in which the videodiss

:‘-m conmnected gg,-_}lgg to a central processing unit,
eredy greatly enhancing the memory and processing
cepabilities of the system, although system costs would
increase and ease of use would decrease because the system
would no longer be stand-alone. 7o offset. these higher
communmication costs, Sirschbuhl (1977) recoamends a
techni called “distributive processing® (p. 86), in which
multiple minicosputers, each capable of supporting many
torainals, are connected to a large host computer. Finally,

12 15




Bennion describec the addition of a megnetic read-record
head, and of an cxide strip to the center, unused portion of .
the disc "so that a record could.be made of the strategy
used and answers given® (p..3). The oxide strip would later
be read and eraved for future use; while the results would

be 1aualynt‘l and printed out for both student and teacher to
Laviow. .

In short, intelligent videodisc systeas combine the
visval appeal of motion pictures with the cepabilities for
interactive, individualised instructicn of traditioral CAI
systems and the bheightened learmer productivity thit such
systeas produce. While porhaﬁ not yet as coanvenient to vee
or distribute as books, videocdisc systems alrcady afford
significant improvements in .convenience and cost ove:
conventional CAI gsystems eepecially when used by large
numbers of learners. * . _ :

LINITATIONS

Two comments sucrface ::zntdly in the litorature
concerning limitations of videodisc systems. Picst,
videodiscs are a read-only memcry sedium, meaning that once
the disc is presced, it can no 1 £ be modified. Thic
indicates the reed for an inte iate authoring system
(such as an intersctive wvideota tom) for designing,
" evaluating, and crevising instruction before it is produced
on disc in final form. Second, vidcodisc mastering is an
expansive process, requiring high-volume sales to make it
truly ccat-effective. Becauce videodiscs are not errasable
and are difficult ¢o (unlike videotapes), consunaecs
will not be able to make a tecording of one, which may
be a _limitation for consumers but will undoubtedly be &
relief to producers. . . ~

Section gunsary

The intelligent videodisc system is undoubtedly the
most powerful educational tool to be developed since the
Gutonbctg press (if not since the development of nan
himselfl). Its nedia capabilities: storage capabilities;
notivational c:sabntucu ecase oOf use, maintena” e,
distribution, a replication; potential cost advantages;
leacner productivity - advantoges: and 1ikely
second-generation capsdilities all indicate that vidoodiscs
nugo b:tn? about the kind of ochange in education that

rmack's wheat combine brought about in agriculture. In
Bennion's words:
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No other intetactive instructional system that
provides wmotion, color and audio is cagablo of
operating at such 1low cost. The flexibility in
scheduling and location plus the high quality of
instruction and 1low cost per hour that appsar to be
tealizable witdh the interactive videodisc teR B2y
pernit this new technology to have a great ct on
the educational environment in the near Cfuture.
Although the 1low cost is attractive, the production
of high quality intoractive courseware is es ati

for ultimate acceptance and success of new
approach to instruction.® (Heuston, 1977, p. 2%).

M wvas wmentioned above, instructional science--and
only instructional science--can provide the knowledge
necessary to produce the ht: ity, Iinteractive
courseware that is essentisl for v iscs to achieve their
rmthl in education. The next secticn of this papet

escribes some recent developments in instructional science

that have rtant isplications, not only for the design of
coucrseware, but also for design of software and hardvare for
intelligent videocdisc systess. .




INSTRUCTIOMAL SCIENCE:
STATE OF THE ART

A consistent theme of msuch of the literature about
videodisc applications for instruction has been the necd for
well-designed course materialo. 1In order for a tool to work
cttoctinlx. it sust. be used ons vho has & good
understanding of methods (or techniques, or procedures) for
using that tcol. In a similar way, wve believe strongly that
the otly way to realize the tremendous potential of
videodiscs as an instructional tool is through a thorough
understanding of methods of instruction--their effects under
all kinds of conditions (i.e., for all kinds of students and
all kinds of subject matter) and the bases for prescribing
their optimal use. Such knowledge about methods of
instruction is the concera of the field called Instructional .
Science (se¢ o¢.9., Gallagher, 1979; Reif, 1978; Reigeluth,
Bunderson, & Merrill, 1978), and this knowledge has been
accunulated in the form of principles, models, and theories

of instruction.

In its infancy, instructicnal science focused mainly
on very general and vague method variadbles- such as
discovery vs. expository, lecture vs. discussion, and
inductive wvs. deductive methods. Bowever, thke results of
such investigations were “12“ inconsistent, pthunx
because there was more variation within each type of me
than between different 8 of methods~~e.¢g., two disccvery
nethods were 1likely to differ more than a dioconty end an .
expository method ditfered.

As a result, instructional scientists socon began tO
devote most oOf their efforts to analysing wmotheds of -
instruction into more elonentary components aad to
investigating the effects of each such "strategy component®
under fairly controlled conditions. Prom these eofforts has
bsen generated a considerable body of piecemenl’
knovledge-~isoclated principles of instruction--and these
principles were found to highly reliadle (see Pleming &
Levie, 1977, for an excellent sumnary of many such
une: 1-:)1. This ﬂlmu {u a:tmct:om science gl,l
nvestigating very precice, elementary, strategy componen
has been an rtant phase in the development of the field,
but the resulting knowl has beoen too piecameal to bo
very useful to most instructional developers.

Consequently, some instructional sciontists are now
recognising the need to devoto their efforts to intograting

a substantial amount of oxisting knowledge (and to eztending
that knowvledge where important gaps are found) into models .
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of instruction which are optimal for different sots of
conditions and desired outcomes (see €.9.. Gropper, - in
press; Reigeluth, in press). The following is a brief
summaty of eome recent work that has boen done along thaese
lines. This work has important isplications for the design
of intelligent videcdisc bardware and softwers, as well as
for the design of effective oocurseware for use OO &A
{ntelligent videodisc systen. Such implications will be
éiscussed later in this paper. :

There are at least two najor types of desigs
considerations: (1) ﬁ}gg considerations, which apply to
teaching a % ea (such as the use of exasples
practice): %muonuou. which apply to the
teaching of Hn;) rela jdeas (such as cequencing and
systesutic review). About siz years ago, fu.D. Nerrill and
his associates bﬂu to integrate =much  of the existing
knovliedge about cro design considerations (for single
ideas) into five major models of instructiom.. Those modols,
gm vith presceiptions for their optimal use, are referred

as

the D mg%. Pour years ago, C.i. .
Reigeluth .m! MN«: integrate much of the
existi knowledge about macro design considerations (for
. many rolated ideas) isto three modols of instruction. Those
models, along with prescriptions for theic optimal use, sce
referred to as the w of W. Thaeoe
tvo sets of models ate prisar ‘x concer v strategies
to optimise the effectiveness a efficiency of instruction
(although. the BHlaboration Theory devotes a soderate amouvat
of attention to wmotivational considazations). Finally,
about two yoars ago, J.N. Keller and his associates began to
integrate much of the existing knovledge about the
gg;n;}gg% % of Fgg;mtﬁe on both the micro and
sacco levels. podels are still in pieliminary stages
of develogment but show great promire for the 4iscipline.
These throe sets of instructional models are briefly
described below. ; :

)

Tho Conponsnt Display Theory

Herzill's Coamponent uuph! Theory (Mercill, ia
pross; Nercill, Reigeluth, & Faust, 979; Merrill, Rickards,
Schaidt, & Wood, 1977) is intenfed for cognitive cbzect B
It i3 a prescriptive theory that is comprised :n Q

i

)
%q_lg o: z:::ucuo:;‘cmo waich can be used varying
tees of ¢ ess a onigue ag# am_é_lm
%}g on the basis of the kind o oﬁ%c ve sen
or an . The degree of richness of the modsel is then
escribed on the basis of the 4ifficulty of the objective

relation to the ability level of the students.

Bach of the siz models of imstruction integrates
knowledge about how to optimise instruction for one of six
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" kinds of objectives for any given idea; and each kind of
objective corresponds to a different level of cogaitive
processing for & given idea. The nmost fundamen

L

B tal
aut:::::o occurs between o:j‘:ctim :mlt:n!a 11, thoee
4 4 those 4 'Y
u'?&:.: M.Wn ui:t:“ between “::c.al ‘ oeMt.
reguire recal those geguice
recall. %m and final diffecrence um
objectives that require recall of itie (o
cases) and those that teguire recall 3
mli to mote than oOme case and 3 to any
specific case). ' To summatise, the siz kinds of objectives -
are: (1) remember an instance verbstism, (2) remember an
instance peciphrased, (3) remesber a mnn!' vechatin,
~ (4) remember & generality pacsphzased, (5) apply & -

genezality to “new" - instances, and (6) discover a "sev®
generality. Bach of these s’z kinds of objectives reguires
s different instructional model to optimize learning at that
level of cognitive processing. : L

for the most oosmon kind of objecti lying 8 -

generality to “new” instances--this theory 1s feor

presenting three =ajor strategy OcEpOBERtas (1) s

, such as the statemeat of a principle or the

of a -ocomcept, (2) showing the .
spplication of that generality to nOes,

demonstrations of the principle or examples of the conoept.

and (3) g&sim in that gemerality to new

instances, as solv a new pzoblem or classifying o

nev example of the ooncept. The peactice should alweys be

followved by as to vhether the student's answet was

cight or w wvby. %he examples snd practice ftems

:mutb:o trom esch other ia as many weys 88 the
en

s at & e umu:htlnm:lutuat::m
houl are a qgi&!m ﬁ g&gn easy
to difficult (which may inc varistion response node
as well as menipulation of varisble attributes). Noreover,
in order to facilitate e‘m‘m nuulu{.'
examples, and practice wi e a1l be clestly
separated and 1abeled crather than run together ia @
continuous prose passage.

Learner oontrol (Merrzill, 1979) is the Componeat
Display Theory's solution to the problem of individual
differences among students. It reguires some brief student
training in (1) the matute of each stzategy conponeat and
(2) the wey in which esch t helps the student to
leacn u.c.i to overcone 8 differeat kind of .

problem). With such knowl , the stufent is. vell eqe

to pick and choose from *senu” of stra components
(pcimarily the zality, the o ond actice
ftems) to make his or her owmm opt instruct desige

wvhile skipping over strategy compoments that are 0o
necessacy. for example, ctather than designing “visual”
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instruction for some studants and ®verbal® instruction for
others, both representations should be msde available to all
students. (It is also 1ikely that the vast majority of
students are not strictly verbal or strictly visual and cen
therefore benefit from having both available.)

In order to increase tbe richness of this model, the
number of instances and tgz':u.:tu:c itoms could be increased.
In addition; each of e three major strategy compononts
(generality, examples, and practice) could be enriched with

such secondary strategy coaponents as (1) an altotnagtép
[}

reprasentati (e.g.» & diagram, picture, or tiow €
a (d) an !atmuog_-_-tocuum ce (e.g., underlining,

ana

exploded diagrams, Or comson erxors). The cichest version
of this model would include a lerge number of examples
practice items, as well as both of the secondery strategy
components describad above (plus some that bave not bean
sontioned here). For an idea or objective that is casy in
relation to student ability, however, the goasrality alone
aight suffice.

This one instructional model alone from the Component
pisplay Theory incorporates work Bruner (altetnative
representations, especlally ensctive, iconic, and symbolie) »
Glaser and Bomwe (ruleg--or rule—example--as generalities
and on:giu) , Bothkopf (mathemagenic information, prisacily’
under rubric. attentica-focusing devices), Skinner
(shaping in tho form of progression of difficulty, and overt
rasponses in the form of practice), Kulbavy ( back for
practice), Groppser (zesponse modes. and stimulus
characteristics), Boras (informstion mepping for cat
and hbounz strategy componeats), Hsrkel, Nsrrill
Klausmeier (strategies for teaching conc 0 npociany
instance dlnumcﬁu and practice itens as
different as possible fr each other--and "matched” o2
*close-in® nonexamples--instences which demonstrate common
errors, specifically overgensralization in the case of
concept learning), to mention just a few of the zost
proainent people whose work is integrated into this one
nodel. The influence of the prose learning peocplc
(especially BRothkopf ard Prase), the learn taxo
people (especially Gagne and Bloow), end the structuze o
Beno people (ospocially  Kintsch and ¥orman) .is also
readi apoarent in the decivation of the five kinds of
objectives based on different levels of cognitive Processing
(including both storage and retrieval). Although the
Comporent Display Theory 1ntozum much existing kaovldr.
is iz aiso important to gotu out that it is comprised of &
considerable asount Of “now® knowledge which was developed
by Mercill as he encountered gaps in the existing knowledge,
and which wss needed to form such an iategrative and
conplete oset of mdodels for different kinds of cognitive
objectives. The classification of objectives accord to
»oth content type and bohavior lovel is one such innovatiom.
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. It 4s wery difficult to do justice in such short
space to an instructional theory that synthesiszes so much:
knowledge about learning and instruction. Por more

. information, the reader is referred to Merrill (in press),

Nerzill, Reigeluth, and Paust (1979), and Nerrill, Richards,
Schmidt, and Wood (1977). The individual strat

ts in each model have undergone concideceble
empicical testing in controlled settings. This hotx.:z
research has showm significant differences for all of
strategy compononts (see Mercill, Olsem, & Coldeway, 1976,
for a review). Bowever, no research has been done to test -
each whole =model to0 detoraine the relative importance and
the interactive - and du,ucaun effects of each of the
strategy components comprising esch of these six models. '

The Elaboration Theoty of Instruction

‘ The Reigeluth-Nercill Blgboration Theory of
Instruction (Reigeluth, 19797 Reigeluth, 19803 Reigeluth,
Nerrill, Wilson, & &piller, in press; Reigeluth & ers,
19003 Reigeluth & Stoian, in press) is also intended for
cognitive ectives. It is a prescriptive theory that was
developed to uto%nu exiosting gwxdgo about sacro des
considerations for many celated topics), but t
considersbly extends that knowledge where deficiencies were
found. It a sajor attempt to use both an analysis of the
structure of knowledge and an understanding of cognitive
processes and learning .theories to develop strategies for
selecting, sequencing, synthesising, and summarising the
topics in a course. It states that,  if cognitive
instruction is designed according to the appropriate medel,
then that instruction will result in improved levele of
achievoment, synthesis, retention, traasfer, and motivation.

Nost instructional design experts have been using a

‘hierarchical task analysis proocedure bassed on Cagne's

cunulative 1learning theory. But the hierarchical, loualg

pisTngli sy g g T I A 8

of “oumulative learning® is only oue of

of . Another major kind o
cognitive learning process 1s schesa theory and its
predecessor, subsumption theory. The formation of stadle
cognitive structures through sucessive differentiation hes
been largely igmored in curremt instructional practice, in
spite of the monumental pioneering work of Auswbel.

Hods of copaitive leatniny  socesses 4o8 all fout majos
s O ve learn ur ot
kinds of “z:ovlmc structures into three of
iastruction. It also bas @ 3 _

sodels on the basis of the goals for Wn0ie tee of
ingsteuction. Goals are classified as to three types, &and

esch type cteguires the formation Oof a different type of
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nitive structure to cptimise achisvement of that type of
:::1 . In all thx sodels a oubsumptive (or
qmul-w-dcunog) ' “uco t:. . t:::: to cs::n::. ::;
a ve £true « Bowe .

Tt n :"ub ‘mm nce is -muumuud‘ vacies

. m-uouuy froz one of cogmitive structure to

« These zati sations represent a significant
:::‘:.t:u from :s:nbn'o instructional model (while still
implenenting his learning theory), especielly in the%t
attention ‘to inforsation procssiing Hocy Movent Dispiey

tive Ly O aing.
:'h“::t.'l nodolo{ only on? of these three models vouis be
used for any given course. '

In all three models, the instruction begins with a
i{al kind of overviow which (1) is detlvodzou the basis

of a single kind of knowledge structure and (
"ov!!ii!

that kn e structure rathsr than susmarising e -
content. (*Epitomising® means providing exanples
<al practice items, as well as gemer es, for a few

sundmnitgl . and highl h;c:lmuun upic:i R J:':'
susmacising® means prov genet foe -,
ﬁ. major topics.) . 7Thea the m proceods to add
atail or complexity in *layers® across the entire breadth
of the course content, one layer at a time, until the -
desired 1level of datsil or complexity is roached. Learaing
prerequisites are . introduced oaly as they become necessary

within each layex.
Bach model is odiusted in cortain ways to make it

" appropriate for the ability level of the students sad the

coaplexi or difticulty of contont. Poc imstance, the
apount O0f matecial between :nlmmu.oqounu y
is. adjusted to produce an "optimsl learning load,” which

varies according to the difficulty level of the content in
relation to the ability level of the students. Considerable
detail has been vorked out on the nature of each model, and-
even cn the procedures for designing iastruction according
to each model (see the sbhove-refarenced papers).. ‘ L

PP S

Norsvatioeal Desids of Instreoticn

In eddition to these two instructional theories,
valuable work has been done recently on the potivationsl -
design of instruction (i.e., on prescriptions for the

oveaent of the ut‘vaung charactacistics of
instruction). Jobhn Eellec's (1979) effozts to davelop a
degcriptive throry of motivation as it cgelates to
instruction arnd pecrformance ace @ .. integzative ond
ianovative. This wvork synthesises knewledge about.

 motivation from the £:11 range of theoretical traditions,

f1.0., from pure behavioral to pure humanistic. On the most
gencral level, Reller's theory postulates that motivation is
a function of pereon variables and environment voriables.

‘Therefore, it dreve on comprised of

conditioning principles m&ffﬂ%ﬁ driveas on

that mtn!au a fondanentally free will.
.ﬁ’%ﬁ"%}umm. and .on H ' "

. that look at the ianteractious betwesn & person and: 2




enviconment. withia the domain of soeisl lescning th:ty.
Zeller drews hesvily frem expectancy-valus theoty, which
ssounce that motivation is a siltiplicative fwactios of
cupectancies ond values. itien, Reller has
ho:::uul aspests oOf attitude theery, desisien theery,
atte ion

theory, oognitive evaluation .?ory rtg
theory (31 dissonanse theory, leces te s
leatnad Delpiessaces (see Eeller, 3979, :..“3030. for
refezences for all of the shove theetzies). :

ia ¢this osections we described
. developments ia isstructional occience that have ispertemt
isplications for the dee of coucsswere, softwate,
batdwacze for hulugo::. v jec eystems.
a auch

m.lm effestive and efficient

ajcro level~=the level of an individusl idea. It includes o
aumber of diffirent sedels, the most important of which
prescribes the use of a gemerality, ezxempl
mercil, (3¢ Seesbisy’ o sim
(] ®
1«:1. ! ?o
such knoviedge . e
| efticient iastrustion .:'{3. sacre level-—-the level of
| zelated idess. It inclules three differeat models, all
i which stilise (1) s subownptive soquence for design the
i

saia steuctute of & oeutse, (3) (7 ite
sequences wuested withia petts of 02:.“‘.' sain urum.:a.ul
(3) séditional stzategy conpeneats that geevide fec explisit
-mmuuo!mu»rulnw ¢ ceviow. Pisslly,
ocme highly integrative medel 14ing for the motivatiemal
desigan of instruction wes descrided. This werk spplies to
both the micse and macre levels of ianstrwstiom. It is
1ikely that other hzuun effocts bave been nade io
these aress, ond ly sisilec. istegrative effects
have bees initisted ia other scess of instructiomsl
.. _ sslence as nelia solection, simslation and gmming,
seasgenent sttategiss, and tuterisd dislegues.
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' It bas been sbove that inetructional scieace
. ond oumly iws t ssience m.covuomuovlmo
nuuu; t the high-guality iatezactive ceureswvere®
that is esseatisl for videsdiscs to achieve their potential
ia ofucation Bevevez, the demands of istelligeat videodisc
systens on instructicnal ssienee Aa wnlike the demsads that
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P, -

o Bcou (1977) - contrasts the 300 years that it
uot uhn-ahuuu'utoc mua

«s‘. telavisioa (50 yoass) and
"":‘ Sene of the meder Lrcbiems with '
tSeshnolegics Lo and

A -dum |
asce videapresd
odusation.

Muthoring oests, wmazketing oessts (ef trying
trate a f» ted educationsl market), poor managesent
fedezal fund agoncies (vhich vithdraw support just s

R aad D teams ace muu“rm‘mthuua
adeguate mazket for oommete publishers to take over
sugpost), and authoring efferts by iadividesls rather tham
mmulmuuzmumm sspects of the
ooutsevace sspects of the probles
abdresced by this r:per incliudes li lack of ammeu- of
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cuccent knowledge Mt. instzuctional Mln and 2) the need
for the further development of iategrative sad comprebensive
instrzuctional models. .

A tcelated
which be

e eeatzasts thess Lith whet Be calle :""":S
aamel O opas .

seintaining 'o-uu ¥ Coms. Onlike uatmouu

dittioulties, oha-o!-z-nt ptcblems can 311 be selved.

Some eelstisns ts these preblens are discusesd in the fimal .
ssctien of this pape:. : .
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NEW HORIZONS:
SOLUTIONS TO INHIBITING FACTORS

Braun (1977) describes ways in which minicomputers
have significantly alleviated problems associated with
system reliability, teacher preparations, cost, and size;
and frther, he advocates the formation of a consumers’
union for educators which would protect consumers against
the competing claims of the various manufacturers in this
burgeoning industry. Moreover, he recommends a careful
study of the language needs of computer-based coursewvare.
This would serve, among other things, to identify the
educational applications for which each of the several
available languages is best suited, and it would suggest
ways to maximize the transferability of courseware from one
system to another.

This leaves the courseware problem as the greatest
state-of-the-art problem to be overcome to enable
intelligent videodisc systems to realize their tremendous
potential for improving education. Three sets of
recommendations related to the courseware problem are
presented below: (1) recommendations for making better use
of present knowledge about instructional design, (2)
recommendations for the further development of knowledge
about instructional design, and (3) recommendations for the
design of hardware and software that will most facilitate
student use of high-quality courseware.

Reccrmendations for Making Better

Use of our Present Knowledge

Braun (1977) recommends a two-stage approach to
courceware development in which support should be provided
for courseware development teams to procuce from scratch,
while at the same time supporting ~the identification,
evaluation, and improvement of already existing educational

materials. with respect to production from scratch, it 1s
recommended that funding agencies provide the resvurces for
developing the first stock of educational videodiscs and
that they provide those resources onrly to development teams
that include instructional design experts as well as subject
matter experts and media production experts. Without such
funding, it is wunlikely that the private sector will risk
the relatively 1large amount of investment necessary,
considering that (1) the size of the market is unknown and
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FPinally, Braun (1977) calls for the establishment of
a clearinghouse which would collect and distribute both
coursewvare and information about program updates to
teachers, to facilitate use of such materials.

Recommendations for the Further Development

of Instructional Science

Although present knowledge about instructional design
is sufficient to allow significant improvements in the
guality of educational aaterials, that knowledge is far from
complete; and instructional science is far from realizing
its potential for improving the quality of courseware.
Inasmuch as videodiscs now offer for the first time the
capability of efficiently integrating print, audiovisual
displays, and interactive computer-based instruction within
a single learning sequence, models of instruction that
preecribe how to intersperse and integrate such delivery
modes are nov necessary. The most significant implication
of videodiscs for the further development of instructional
science is the need for instructional scientists to
integrate the asultitude of existing strategies and narrow
models of instruction from diverse areas into more
comprehensive models.

Instructional strategies may be understood to include
strategies for (1) organizing, (2) delivering, and (3)
managi instruction. All three of these classes of
strategies are applicable to learning outcomes in any of the
cognitive, affective, and psychomotor domains. The
synthesis or integration of instructional strategies implied
by wvideodisc tehcnology needs to proceed at two
levels-~within and among these three classes of strategies.

synthesis Within a Strategy Type

As was indicated above, Merrill's Component Display
Theory and the Reigeluth-Merrill Elaboration Theory serve as
exanples of synthesis within a strategy tyge, namely,
organizational; and in fact these two theories are
themselves being combined to provide a single bhasic
organizational model. Similar efforts ace being, and must
continue to be, made within the other strategy types.
Keller, for example, has been developing integrated models
for the motivational design of instruction (see above).
Other areas needing similar attention include media
selection, management of instruction (e.g., learner
control), simulation and gaming, and tutorial dialogue.
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Within each of these strategy types, it seems likely
that the most useful approach will be to develop a few basic
models that will have fairly broad applicability (although
restricted to one major type of strategy). Perhaps there
would be a omponent model" (a model which is 1ntegrated
with other component models to form a *basic modal®) for
each of a small number of objectives, as is the case for the
Component Display Theory. Or perhaps there would be a
component model for each of a smali number of conditions,
such as types of students or types of content or types of
constraints. Then, for any given application of a component
model (in developing instruction for a videodisc), that
model would be adjusted--primarily by adding appropriate
strategy cosponents--on the basis of specific factors that
called for modifications in order to optimize the desired
outcomes under the specific educational conditions.
Naturally, the prescriptions for when and how to make such
adjustments would accompany each model. In addition, all of
the component models within a particular strategy type could
be integrated into a single basic model, as is being done
with The Component Display and Elaboration Theories.

Synthesis among Strategy Types

In addition to synthesis within each type of
strategy, attention must also be focused on synthesis among
ail such strategy types. It seenms likely that this will
best "be done by developing meta-models, one (or a few) for
each major type of goal (e.g., intellectual development,
attitude development, social development, motor
development). Bach meta-model would prescribe ways in which
the various basic “ares models® (i.e., models within a
single strategy type or “area") should be combined for
optirizing the desired outcomes. Such meta-models would
have to wmake provision for diverse goals (within the major
goal type that it applies to) and diverse conditions (such
a8 types of students, types of content, and types of
constraints).- Por instance, there might be different
meta-models for teaching students how to apply principles
vs. teaching them how to discover principles; and a single
meta-model for teaching them how to discover principles may
provide different prescriptions for 8-year-olds vs. for
20-year olds, or for phxcicc rinciples vs. for principles
nelated to the critical analysis of literature, or for
g.%uations where discussion groups will be an important part
i the instruction vs. situations where the instruction must
.1 gtand-alone. ,

One thing is certain--that to meet the need to
Gevelop high~quality coursewvare for videodiscs,
instructional science must provide more comprehensive and
integrated models of instruction. Hence, our major
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recommendation is that instructional scientists devote more

time to such activities and that fundi
mOore resources to such activities. N9 agencies devote

Recommendations for Intelligent
Videodisc System Design

Curient developments in instructional science
indiczte several important characteristics that should be
incorporated into the design of hardware and software for
intelligent videodisc systems, in order to best implement
h:zb-quality courseware. On the basis of the instructional
models and theories suumarized earlier, Pigure 1 shows a
hypothetical sequence that a 1learner might follow on a
videodisc system. The following 4is a brief but fairly
technical explanation of each step in that seguence.
Readers who are new to these ideas may wish to skip to
"Bardware and Software Recommendations® below.

Insert figure 1 about here

1. on. Logging on with a name or identification
number wouid automatically access records of that learner's
abilities, cognitive style, and previous work, which would
be used by the system to individualise the instruction. In
the case of a home system, that informatinn would be stored
in the systea's microcomputer. In the case of a school
system, it would be stored in a connected minicomputer.

- Information about the 1learner's abilities and cognitive

style would be incorporated mainly in the “advisor®
recommendations (descri below), whereas information about
his or her previous work would be reflected in the menus
(described below).

2. Select a course from the course menu. The course
menu would be shown automatically as soon as a learner
logged on. It would probably be taxonomic, with a number of
levels. For example, the top 1level, which would be
dioglayod first, might have such entries as science,
sociology, history, psxcboloqy. literature, etc. After
selecting one, e.g9., “science,” a breakdown of science
courses would aviomatically be displayed, such as physics,
chemistry, biology, astronomy, earth science, etc. For a
“eme system, the course menu might be on hard copy, and the
iincner would go to the public library or school library to
L.k out the disc that corresponded to the desired course.
o2 a school system, this menu would be stored in the
v ..2cted minicomputer, but the learner would still have to
t:s.: go and pick out the appropriate disc. Courses aiready
vunpieted by the student would be so indicated on the menu.
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3. Reviev an among-set expanded epitome of sets
already 1eted. After the learner has decided on a
course @8 secured the appropriate disc, that disc would
then automatically present a special review ox the major
units of content which that learner has already mastered.
Lessons are designed such that each is an elaboration of a
more general or more simple version of fundamer’ -1ly the
same content (see the description of elaboratic. theory
above). A set of lessons is defined as any one lesion plus
all of the lessons that comprise the first Iivel of
elaboration of it (see Pigure 2). Bach time a learner
enters a course, the system will automatically present a
special review (or expanded epitome) of each set that the
learner has completed (i.e., each set for which all lessons
in that set have been completed). While the major purpose
of this review is to help the learner to decide which new
lesson would most interest him or her, it also serves to
effect petriodic reviev of previously learned content and to
remind the 1learner of the meaningful context of the
to-be-learned content.

Insert Pigure 2 about here

4. Select a lesson from the lesson menu. After the
learner has completed the among-set review, the menu is
automatically displayed, again taxonomically. Pirat,
elligible sets are listed by level (see Pigure 2). A set is
elligible only 4if it has already been initiated--that is,
only if its top lesson has been successfully completed (as
part of the next most general or simple set). Second, after
the leatner has selected an elligible set, the system
automatically displays the lessons (within that set) which
have not yet been completed. Another menu function could
indicate which lessons have been completed as well as which
ones have not.

3. view within-set expanded epitome o lioaonl
alread ed.! After the learner nas decided on a
iesson, Ine system would automatically present a special
reviev of the content which that learner has already
mastered within the set of lessons of which that lesson is a
part. This review is an exgcndcd epitome similar to the one
for whole sets (see step 3 above), except that the content
from unfinished sets has not yet been integrated into it.
It is a reviev because this same expanded epitome vas

reviously presented to the student at the and of the last

esson t the learner mastered in this set. The major
purposes of this reviev are to effect periodic recall of
proviouoli learned content, to remind the leatner of the
meaningful context of the to-be-learned content and to
activate memory of relevant learning prerequisites that have
recently been taught and mastered.




Coamplete e lesson. The lesson is comprised of

6.
the toizaiing activities:

1 Complete the lesson introduction. The lesson
Iﬁitdlucslon is intended to motlvate the learner and
to provide an indication of the nature of what is to
be learned. An inqguiry approach, an audiovisual
sequence, a simulation, a game, and a mnini-epitome
are all examples of different (although not mutually
exclusive) techniques that could be used, depending
on the objectives of the lesson (i.e., the nature of
the content and the desired performance level).

6.2 Complete each of the lesson toglcs. The primary
Iiittucagou takes '%1353 here. Is part of the

lesson should probably be about 45 minutes long, with
total 1lesson length not to exceed one and a half
hours. Lesson content {is probably comprised of
concepts, principles, and procedures. £, as is
usually the case, the lesson objectives call for
learn these ideas at the application level, then a
generality, some examples of that generality, and
practice in applying the generality to new examples
(plus feedback for the practice) should all be
available to the learner for each such topic. Im
accordance with the Component Display Theory
(described above), learner control--the way to adapt
the instruction to individual differences--would best
be facilitated by a special learner-control keyboard
similar to that used on the TICCIT System (see
Herrill, Schneider, & Pletcher, 1979; Reigeluth,
1979). This 1learner-control keyboard would havs a
“generality” button, an “example" button, and a
“practice" button, plus "easy® and "hard” buttons for
selecting the difficulty 1level of the examples and
gractico items. In addition, there would be an.
advisor® (with an “advisor® button) that would
provide the learner with advice about learner-control
strategies (1) whenever the student reguested it, and
(2) whenever the student's strategy was not working
well. The advisor would construct an optimal
learner-control strategy for an individual learner on
the basis of that learner's abilities, cognitive
styles, and previous cformance. That optimsal
pattern would then provide the basis for the aldvisor
to generate advice to the learner on learner-control
strategies and on learning strategies in general.

The ideas within a 1lesson would be seguenced
automatically for the 1learner, with the sequence
being based largely on learning preregquisites and
other kinds of relationships (e.g., meaningful vs.
rote--Mayer, 1975) which have optimal sejuences
associated with them. However, the learner would be
able to go back to a previous generality or to
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request the next generality whenever he or she felt
ready. These capabilities could be effected with
"last generality® or "next generaltiy® buttons on the
learner control keyboard.

6.3 Complete the lesson summarizer and %*gsggg;gigr
After 55. Yast generality has been studied, pressing
the °®next generality"™ button would autonaticall¥
display a summariser. In the elaboration theory o
instruction, a summarizer is a concise statement of
each generality that has been taught. It is intended
to provide review, but it also helps bright students
to discover interrelationships among the topics that
have been taught. After studying the summarizer,
pressing the "next generality® button would display a
synthesizer. In the elaboration theory of
nstruction, a synthesigzer is a strateg¥ component
which explicitly teaches important relationships
among the ideas--in this case, among the ideas taught
in this lesson. It uses generality, example, and
practice components for teaching those relationships.
In addition to such automatic display of
summarizers at the end of a lesson, the
leatner would be able to request a summarizer
at any time. The regquested summarizer would
include a concise statement of all
generalities in the lesson--even those not yet
studied--but those generalities which have
been studied would appear in a different color
from those not yet studied. A “"review" button
could be included in the learner-control
keyboard to implement this.

6.4 Complete the lesson test. A “test" button would
access the lesson test, which would be similar in
logic to the tests on the TICCIT System (see Merrill,
Schneider, & Pletcher, 1979). Alternate versions of
the test would allow retakes if the learner d4id not
reach mastery the ¢first tinme. Diagnosis and
prescription would accompany any failure to pass the
test. This test would assess understanding of
relationships among ideas, as well as of the ideas

thenselves.

7. Complete the new within-set expanded e itome.
»’ter ‘the new lesson content has been successfully learned,
it should be integrated with previously learned content.
The elaboration theory prescribes an expanded epitome to do
tvis. An expanded epitome is similar to a lesson summarizer
and synthesizer, except that it reviews and interrelates
content taught in different lessons. A within-set expanded
epitome reviews and interrelates content from all previously
taught lessons within a given set. Since the lessons within
a set may usually be learned in any order (exceot that the




one that is more general or simple must be mastered before

any of the others may be accessed), the videodisc system

must be able to present any one of a number of versions of

expanded epitomes, Naturally, examples and practice, as

:0111 as generalities, should be provided on the synthesis
evel.

8., Complete the within-set synthesis test. As soon
as a wvhole OQE has been completed, ELQ 1earner would take a
synthesis test that would test all of the set content the
synthesis 1level. Again, alternate versions wougs be

available, and diagonsis and prescription would accompany
any failure to reach mastery.

9. Complete the new among-set expanded epitome.
After a whole set has Deen completed, all of its content
would be integrated with content from all previously
completed sets. The elaboration theory also ptescribe:d::
exg%nded epitome to do this, only this among-set expa
epitome is much more comprehensive than the wgiﬁlh-aet one.
The synthesis-level examples and practice might entail the
use of games and/or simulations.

0. ngﬁlcte the among-set synthesis test. After an

among-set expa epitome has been completed, the learner
wvould take a synthesis test that would cover all of the
review and interrelationships presented in that expanded
epitone. Again, alternate versions and diagnosis and
prescription would be provided for any learners who failed
to reach mastery.

1. Go to step 4, or logoff. At this point, the
learner could GContinue on TG _a new lesson (see step 4
above), or could stop for the day. In the case of a school
videodisc system, a recotd of learner performance and
progress would automatically be stored in the connected
minicomputer, and the 1learner's advisor or teacher would
review it reyularly. In the case of a home system where the
student is taking the course for credit, learner performance
would either be recorded on a magnetic strip at the center
of the disc (which would then be transferred to the school
minicomputer at the school library), or the learner would
take all tests under supervision at the school library (or a
combination of both).

Hardware and Software Recommendations

It is clearly beyond the scope of this paper (and
eyond the present state of knowledge) to present a detailed
descripton of the hardware and software. The above
description provides a fairly good indication of the
specifications that must be met by both. it is envisioned
that the hardware and software wuuld be extensions of those
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presently on the TICCIT System. In addition, the TICCIT
System has specialized software for authoring instruction.
It is envisioned that courseware production centers would
use an extension of such software for production of
courseware for videodiscs. The TICCIT System (which
presently has both video and audio capabilities--although
they are both somewhat cumbersome and inflexible) could, in
a future generation of the system, be used for formative
evaluation and revision of the courseware before it is
mastered and produced on videodiscs. Schneider (1976) has
emphasized the need or such a nodifiable system with which
to design, evaluate, and revise instruction before it is
mastered for disc production.

Section Summary

. Of all the factors inhibiting the widespread
introduction of intelligent videodisc systems into
education, the lack cf high-quality courseware is broadly
recognized as the most significant. This section of the
paper has presented three sets of recommendations for
helping to solve th’s formidable problem: (1)
recommendations for making better use of present knowledge
about instructional design,  including (a unaing-agency
support and design-specialist training seminars to
facilitate the production of videodiscs from scratch, and
(b) instructional-theory-based evaluation and revision by
design specialists of existing educational materials which
are to be used for videodisc production; (2) recommendations
for the further development of knowledge about instructional
design, ~inciuding (a) the development of a few basic models
of instruction that integrate knowledge within each strategy
type (plus adjuctments for each basic model) and (b) the
development of meta-models to integrate models of each
strategy type for different sets of goals, conditions, and
constraints; and (3) recommendations for the design of
hardware and software that will wost facilitate the

presentation of hIgE-quaIity courseware, including a special
learner-control keyboard that allows learners to select what
to learn (content components), as well as how to learn it
(strategy components).
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CONCI.US ION

This paper began by describing the feeling of
ualified enthusiasm that pervades the 1literature on
nstructional videodisc systems--enthusiasm for the

remarkable potential of videodisc technology for
education--qualified, however, by the very serious challenge
posed to instructional designers and educators in general to
make the most of this new technology. Borrowing again from
Hirschbuhl (1977):

We are going through a period of trying to adjust an

educational system that was designed for horse and

buggy days to a jet age society. CAI (and hence
intelligent videodisc instruction) is helping us to
come to grips with this problem. It will not succeed
as long as substantial numbers of educators prefer
the short, slow travel of outmoded systems to the
enlarged world of today's dawning technology. ...if
they (educators) are not (adventurous), we will
continue to be a society that prefers to react to
Ttil;: instead of one that prefers to prevent them.
p. 31)
On a still heavier note Schneider (1976) comments:

The major feasibility questions do not revolve around

the videodisc technology, but around a still-infant

instructional technology. To be really
cost-effective, videodiscs must be stamped in
reasonable numbers; and, therefore, a reasonable
number of schools and students must agree to use
thenm. This acceptance will not occur unless the

material stamped on the disac really works, and works.

well. And it's not likely to work well unless it was
developed and tested by people who had a pretty good
idea of how to do the job right the first time. ves
Until we have justifiable confidence in our
instructional development procedures, we would do
well to 1leave videodisc programming in the hands of
the entertainment industry. (p. 58)

The problem that Hirschbuhl describes is that of the
resistance to change provoked in those who are asked to
change when the advent of some innovation requires that they
modify comfortable, familiar ways of doing things. One
strategy for overcoming such resistance is educating peole
about the benefits to be gained by adopting the innovation.
It is hoped that this paper has served to inform, and
perhaps even excite, more people about the great potential
of videodisc technology.

Schneider's comments address an equally critical
problem~~namely, 1lack of proven principles and procedures
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for the design of videodisc instructional systems, and lack
also of individuals skilled in their application. Again it
is hoped that the ideas and recommendations presented here-
suggest one way of addressing that problem and will
stimulate others to turn their attention to this critical
area of inquiry.

Bennion's (1974) conclusion to a report written

several years ago provid«s a fitting closing statexzent:
In summary, the vidiodisc with random access and
large capacity for storage of high quality
audio-visual material has the potential of becoming a
very effective new wedia for individualized
interactive instruction at low cost. This media
should be developed carefully, making use of the
experience gained in the TICCIT project and the best
available instructional psychology and 1learning
theory so that the full potential of the videodisc
can be realized." (p.S)

Y
M?’ 7. NI iy S N S S




bt 3.2 e i g1 psamion
‘“-m mawwm
od Dralustise, Bibcuacy 109, -

m:&.um.um«wmmm
Hasms sad Dalevisiea Insineand

Boek, A., Lusvmmms, Ao, and Schanides, . m&ww

am Mmu.-mm

“&%ﬁw &!ﬁ-‘ﬁ!’m

State Gadve suity of B Veek st Soony Bresk, 1977, (MIC Becumset Beguodusti
Servies M. 1D 134 839)

Suadensen, C.V. Instrustissal strategics btm.-m-ma e Naloaw .
mi21 ¢tee. Jusxral of Riwatisna) Zasbwalacy Svatans, 1929-%0, §, M

T P R T

Deklesds, M. mﬂ“.ﬁlﬁm mm
Wy 197, ), 3-%%. -

e e ) sl

Gallaghes, JJ.WM pussssning peychelegy and m
Savisuing resees thesey aad prestise, Tastrustissel Saiepen, 1979, §, 904

*.Mlmgm A fzomwesk for anslysing and
theorise end medels. I C.i. Bedgeluth (od.)

mﬁmmum ia Sacviey of Dhalx SERS

St 2 B e TS I o,

WE0AR, Sepostber 1977, m“mwm.m

- ’J-mm_ﬁam. Y]

e S L A A

m-ummb.umsm

it SRR s, o o  Br 40-- BESI CUPY AVAILABLE 3




1. Loeon,

2. SELECT A COURSE FROM THE COURSE MENU,

3. REVIEW AN AMONG-SET EXPANDED EPITOME OF SETS ALREADY COMPLETED.

§. SELECT A LESSON FROM THE LESSON MENV,

5+ REVIEW A WITHIN-SET EXPANDED EPITOME OF LESSONS ALREADY
COMPLETED,

6. ComPLETE THE LESSON:
6.1 COMPLETE THE LESSON INTRODUCTION.
6.2 COMPLETE EACH OF THE LESSON TOPICS.
\ 6.3 COMPLETE THE LESSON SUMMARIZER AND SYNTHESIZER.
] 6.4 COMPLETE THE LESSON TEST. |
7. COMPLETE THE NEW WITHIN-SET EXPANDED EPITOME,
8. COMPLETE THE SYNTHESIS TEXT (WHENEVER A WHOLE SET IS COMPLETED).

9. COMPLETE THE NEW_AMONG-SET EXPANDED ZPITOME (WHENEVER A WHOLE
SET IS COMPLETED).

10. CoMPLETE THE AMONG-SET SYNTHESIS TEST (ONLY AFTER STEP 9).
11. 6o T0 STEP 8, OR LOGOFF.

°

FIGURE 1. A HYPOTHETICAL SEGUENCE THAT A LEARNER MIGHT
FOLLOW ON A VIDEODISZ SYSTEM.
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VERY GENERAL/S:®
VERSION OF THE
COURSE CONTENT
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THE DASHED LINE ENCIRCLES ONE “"SET® OF LESSONS.
THE DASHED-DOTTED LINE ENCIRCLES ANOTHER “SET” OF LESSONS.

Fieue 2. I;E ELABORATION STRUCTURE OF LESSONS IN A COURSE,
SSONS ARE NATURALI.\‘ GROUPED INTO SETS,




