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This paper presents a survey and analysis of the present state
and future frends of communication medie and educstional technology
Particular emphasis 1s placed upon the potential uses of communica-
+ion satellites o help meet the future needs of education In the
United States, and upon the substitution of electronic transmission
for physical distribution of educationa! materials

A muitipurpose educational satel!ite service 15 proposed, based
on supplementing conventlonal instructional television programs with
+he electrontc transmission of a variety of materials, using such
television-compatible media as still-picture television, computer-
assisted instruction, and facsimile
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COMMUNICAT{CM MEDIA AND EDUCATIOMAL TECHNOLOGY
AN OVERVIEW AND ASSESSMENT WITH REFERENCE TO COMMUNICATION SATELLITES

1 INTRODUCTION AND BACKGROUND

1 1 INTRODUCTION
The International Development Techrology Program at Washington Unl-
versity has been engaged in an interdisciplinary program on the "Appli-
cation of Communication Satellites to Educational Development™ under a
NASA grant (1) ¥ The program has the followlng broad objectives
1 To examina the potential applications of communication satel-
l1tes to the improvement of education, primarily in the
United States
2 To genarate basic knowledge 0 ald In making rational decisions
concernling the appllcation of communication satellites to edu-
catian In the near future
3 To devise systems and fo suggest sirategles for the Improvement
of education utilizing communications satellites, and to pro-
vide ror the evaluation of systems effectiveness

4 To provide for the education of individuals knowledgeable about

safellite communications policy, in an nterdisciplinary manner,

# The numbers i:n parentheses 1n the text Indicate references in the
Bibliography

-

and particuterly as related to the (mportant social applica-

tton of education

Vital elements of any educational cowmunication sotel]ite system are
+he media which are o be fransm tted, and the determination of the best
ynterfacing between each medium and the learner who is utilizing 1t
Several previous studies of a telsvision broadcast satellite have been
made for NASA by such firms as General Electrlc (Z2)%¥, TRW Systems (3},
and General Oynamrcs/Convair (4)  AID has funded Stanford Research
Institute to study satelllte-based TV for developing countries (5}, and
several university-based sftudies have been done, such as at Stanford
(ASCEND} (6), West Virginla Untversity (STRIDE) (7}, Old Dominion College
(EDUSAT) (8}, and the Indian {nstitute of Technology at Kanpur {ACME)
©) All these studles have placed major emphasis upon satellite fechnro-
logical requirements, but relatively little aftention has been grven
to ground faci!ities and their uttlization for educational purposes

Also, there has been a proliferation of new hardware for education,
particularly during the last decade This fleld,which has come +o be
called educational or Instructional technology, is as yet not well docu-
mented A great deal of the information Is avallable only In manufac=
turers |iterature and unpublished reports This Information requires
careful evaluation, particularfy as educational technology is considered
in the context of large-scale communicatlion systems for education

The over-all purpose of this report ls to summarize and evaluate
the development of communications media and educational technology in

the recent past, project 11 1nto the nsar future, and relate this field
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to The requirements of an educational satellite system Specifically,
the study reported herein has the following objectives
1 To determine the characteristics and applications of communi-
cations media which might be utilized 1n an educational
communication satel lite systen, with particular emphasis upon
what Bretz defines as audlo-sti|l-visual media (10)
2 To evaluate fhe role which new instructional technology might
play i1n conjunction witn an educational satel!llte system
3 Te examine +he impact of technology based upon the physical
distribution of materials, for example, ‘tape cassettes, upon
the need for electronic distribution of the information
contained In such materials
4 To suggest ways 1n which an educational satellite system util-
1ztng Instructional media and technology might evolve
In essence, this study 1s Intended to provide essential background
material on communications media and Instructional technoicogy to the
designar of educetional communication satellite systems 1+ extends and
updates the communications media study of Bretz (10}, giving particular
attention to media compatibility with sateltite fransmission require-
ments  Although this study suggests how educetional medla and technology
may be utillzed in congunction with an educational satellite system, 1%
is not intended +o be a systems design study 1n The quantitative

sense Every attempt has been made fo provide accurate market prices

whenever possible However, Tt should be kept 1n mind that costs
change, and In particular cost estimates of new preducts and systems

are subject to wide fluctuations until they actually reach the market

b

1 2 EDUCATIONAL TECHNCLOGY

Education today 15 among the largest public expenditure segments of
the American economy During the 1967-68 school year, 357 477 billion
was expended on education, or 7 24 of calendar 1967 gross national
product of $793 544 bitlion  Two years fater, the educational share
grew to 7 5% of an estimated $932 1 brllion, or $69 5 blilion (11}
It appears likely that education may be nearing saturation i1n 1ts
relative share of the national econcmy

Current attempts to increase taxes for aducatlon have been
meeting stiff oppesition throughout the country  This s particularly
evident in public elementary and secondary education, whose major source
of revenue for oparating expenses has traditionally come from local pro-
perty faxes At present, 52 7% of schoo! revenues come from lccal
sources, 39 9% from state support, and 7 4% from the Federal government
(12)  The state share has remalned relativaly the same during the past
decade, but the local share has diminlshed, while an Increasing propor-
tion has come from the Federal government This trend may very well
increase, under the impact of revenue sharing now being proposed by
President Nixon I these proposals become law, the apparent proportion
attributable fo state support will Increase Another sign of saturation
In educational expanditures is that 70% of recent bond Issues for capital
tmprovements of educational plant have besn rejected by the voters at
the local fevel (13)

As public scrutiny of educational expenditures increases, so does
the desire to see what the public is gefting for 1ts money This has led
to the idea that schocls should be held accountable (147 for the revenue

they receive, perhaps i1n terms of measurable galns In such fundamental
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learning arezs as readirg and ari1thmetic  Another approach 1s Yo provide
educational alternatives fo the classroom, which would be allowed to com-
pete for support with the schools (15, 16)  There 1s considerable evi-
dence that universal public education tn Its traditional guise cannot
meet all the nesds of the diversity of students 1T must accommodate
Perhaps 25% of all s+tudents, as hlgh as 60% tn some communities, are
funetional 11litarates, and less than 30% of entering first-graders
finish high school (13)

Another severe problem 1s The labor-infensive character of ele-
mentary and secondary education  Two-thlrds of current expendltures
goes to pay for instructional staff, but only 3 3% Is spent for textbooks,
matertals, and equipment, not including audiovisual equipment or feachling
systems (17) At least part of the latter two categories can be esfi-
mated from an analysis of the audiovisual markef, which showed all
school expenditures for such equipment and materials totalitng $570
mi l1ion during 1968 (18} 1f half of this can be attributed fto ele~
mentary and secondary use, It would only add another 0 5%

Also, ressarch and development funds for education have lagged
behind most other economic segments  For example, 2 8% of the 1969 GNP,
or 526 25 billion (11), was devoted to all types of research and devalop-
ment, while only $192 million, or 0 31% of a total educational expendi-
ture of $54 6 billlon was devoted to educational research and development
in 1968 (19}

Even so, Federal educational research and development support has
increased tenfold from 1960 to 1968, and reached $171 miliion in fiscal
1968 (18} Corraspondingly, there was an Increasa in the involvement of

tndustrial firms 1n education, influenced by increased Federal support,

—6m

and by the attraction of a seemingly huge and growing market the
"knowledge tndustry"  However, many of the newer entrants to the know-
ledge Industry, Including such corporate giants as |1BM, RCA, General
Electric, and Xerox, misjudged the nature of the education market, and
I'Ts capacliy to absorb rapid change The acquisi+tion by fpese firms of
textbook houses and other software-oriented businessé;, ag& Their disap-
potnting performance in +he marketplace have been related elsewhers (20-23

Within the knowledge (ndustry, particular attention has bean glven
to technology, which in other areas has provided great cost-benafit
advantages This fleld, called educational or instructional technology,
has been based to a considerable degree upon the older fleld of audio-
visual alds, with the addition of such newer developments as programmed
Instruction and computer and communl!cation tachnelogy

During the sixtles, the Federal government gave its enthusiastic
support to these developments A summing up of Government 1nvolvement
In educational technology and recemmendations for 1+s future particlpa=-
tlon on & much larger scale are given In a recent report of the Commis-—
sion on instructlional Technology To the Pres:dent and Congress entitled
"To Improve Learning " The opening paragraph provides two contrasting
definiftions of the field

"Instructional technology can be defined in two ways In

Its more famillar sense, 1+ means the medlfa born of the com-

munications revolution which can be used for nstructional pur-

poses alongside the teacher, textbook, and blackboard

television, films, overhead projectors, computers these

media have entered educaticn Independently and sti1l operate

more 1n iseletion than In combination

"The second and less familiar definition of instructional
technology goss beyond any particular medium or device it

Is a systematic way of designing, carrying out, and evaluating
the total pracess of learning and teaching in terms of specific
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objectives, based on research 1n humsn [earning and communi-

cation, and employing 2 combination of human and non-human

resources to bring about more effective instruction " (24)

The Commission generally foliowed the firs* definiticn, leavnina the
acceptance of the broader interpretation o the future This is indica~
Tive of the dtfflculty of making widespread chances in the field of

education

However, instructional technolegy as reprasented by the first
definition has not had the impact upon éducational practice heped for
A great many educators have glven +the new media a +ry, but have been
reburfed by the fragmented market, and a lack of long-term support from
Tts members As Richard Hooper, a steff consuifant to the Commission,
has said

"Educational technolagy will remaln on the periphery

avthout resources unless educaticnal administrators—-and

the civilian administrators above them, for example school

boards-~give 11 top-level commitment The plecemea! approach

must be discarded ™ (25)
1 3 COMMUMICATION MEDIA

Ta util1ze the wide variety of media ave: lable effectively, an
understanding of the capablltties and linltations of each type Is
essential  Several classifications or taxonomies have been devised for
educational media Dale used a Mcone of exparience™ fo classify key
audiovisual materials on a "continuum from the congrete to the abstract"
(26) Ediing used a simi lar concept, in the form of a triangle, to
depict "stimuluys dimensions", which are graded according to the number
of cues they provide (Figure 1) (27}

Flory and Allen surveyed audliovisual devices for use In education

for a U S Office of Education/Society of Motion Pleture and Television

-8~
1 2
direct trart
axperlence exparisnce
with people with
things
3
natural Yoh fectiva®
sounds and visLa'
sound atfacts stiruty
4
Psubj "
visual
stimull
L — ¥ I - —_— N g —
stimult aurat real world visual

{varba! behavior Important)

! Dlrect expsrience with people demonstratfon, discussion, puppets, tahleaux, paniomlne,
play, sociodrama, autbentlc sltuations (ovart bohavior Impor+aa™)

2  PBirect experionce with things mockup, modet, spacimen, object itseld

3 lObjective" visual stimuli cartoon, color cartoon, anlmated color cartoon, sketch,
photograph of painting, palating, 2-D st1il pleture, 2-D coler stlI1 pleture, 3-D st}
pic:ura, 3-D color still pleture, motion plcture, 3-D motion picture, 3-D coler motian
picture

4 "Subjectiva™ visual stimull  abbreviations and symbols, words, numbers, charts and
graphs, maps, diagrams, symbolle cartoons

5 Auglo stinull,
A Subjective" words, muslfcal instrumonts
8  Recorded sound effects, real scund effacts, recorded natural scunds, hi=fldellty
natural sounds, sterec hi-fidelity natural seunds

Nota Within each of these categories, the exsmplas are arranged from the most-structured
instructional sltuations $o the least=structurad

Figura 1 Edling's Categorization of Stimuius Dimenslons
(from Raference 27)
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Erginea~s Corferance 2&,2%) They re ated foar srevious clzss fizaticens,

b Porter (30}, > ~pent: & - H sior
- r (30}, >y Ca~penter, by the Association ~or Super isior aid TELECOMRN| CATION RECORDING

5 Plety Pri !
Curr culur Deve.opwen= {ASGD) (31), anc by Sbailding (Table 1) Each MEDIA ound  Pleturo G';;:ﬁ,c rint Motlon MEDIA

o these clagsificatiang endha dicfe- act f +he auzloslsual
SSITICETIONG enohasizes ert aspacts ¢ fo CLASS | AUDIO-MOT1ON=VISUAL MEBIA

f eld _equigrent, fu-elfor, media characteris—ics, and corditigns of X X R X X Sound fiim
h = " cT N Tolevisicn X b4 X X X video tape
uze, respgct. ve,y _T-e JSGE~3MPTE Zon-erenca partlcipants coulz not X X % L] % Film TV rocarding
Pletursphone X X X X X
czme Tci any agreenent or the best clasaification, so Flory ard ~ll2n
| mitec themselvas to ar urstructured 1ist of 22 devices tor audicsisual st N TV CLASS 11 AUDIO-STILL-VISUAL MEDIA
= = ~ = ow~sca
=struction 28)  _ ) o i Tina-shared TV X X X X fRacordad st TV
h - = " X x % X Sound f1lmstrip
Saat~le~ oubl:shad the only comprehens ve hlstory of instr.ct:onal X X X X Sound siide~sot
t=ch 10} cut Jid + | N flcat X X % X Sound-on-stida
=ch0lsgy, but Jid n3 present a formal cless ficatlon (32) . . X X N % Sound page
Recent|v, Bretz zevised = new taxoncmy_ g.ving particdlar zttentlion X X X X Tatking book
1= tslecommunications aspects of medla_(.0)  3even ma,or clessss weres CLASS 111 AUDIO-SEMIVISUAL MEDIA
; . Telewrl fing X X X X Recordad talewriting
eployed, and examples of generlic types «f radr'a listed in Two columns,
CLASS 1Y MOTION-YISUAL MEDIA
sadad ! - [ " # bl 1 ~las
hzadad Mejecommunica~ien" and “record ng’ _ Also, the caDabEllnlea cf X % X < Sttent #1tm
each. medium type tn r2lztion fo five d fferent stimulus tvpes was 1ngl-
h - CLASS ¥V STILL-VISUAL MEDIA
c_a'!‘ed LFigurs 2) e - - - Facsimi 1o X X X Printed pago
B B X % X Flimstrip
. . Bretz his colrec or adopted several fe-ms fcr this Taxonor:, such X % % Pieture set
X X X Microform
5 'tetewriting', «whizh he defines as - - -
- T = X X X videa fllo
_ . MAvrstructicna redia sysvem wh ch fransmits sound 3ang
writing as 1t 1€ bsind written  The p-inciple 15 basically CLASS VI  AUDIO MEDIA
tlat of the Telhatograoh The vert ca and horizontal compo~ Telaphons Audlo disc
nents ot movemert of The sending stvlus are transzerred ¢ Radio X Audlo tapo
e ectrical tmouisez wrich are then tra-sriitted on differern~
chantels fo a rece ving stylus which moves In accordance w™+fF
thae slgnafs 1} r=eelves, ard reprodices, simultaneously, the CLASS Vi1 TYFE MEDIA
3 X Punched paper tape

ougtne: writing  Th s may then be prajected on a screen for Telatypa
group vaewing " 10 - -

yt
o

T1e te-m has appea-ec 1~ dictionaries, but sith ¥ldely varying meanlngs
Flgure 2 Bretz' Two~Dimonsional Taxonomy of Communlcation Madia

For example, Webster s “hird New [nternaticazl D ctlonary de-ires._ (from Reference 10}

t2lewr ting 35 & Bri7isa term for what Americens call telautograpry ‘33),



Table 1

Media Taxonomies¥

By hardware
(D Portsr)

By function
(C R Carpentar)

8y medla characteristics
(ASCD)

By conditions of use
(5 Spaulding)

Stimulus devices
visual
audftory
audicvlsual

tactile

Response devices

data manipuiators
(direct)

data gatherers
{indirect)
§-R devices
simulators
immedlate relnforcers

pacers

4

8]2A2 uO§IED JunuWoD

Fmanipula+1on, organization,

& recording of Informatlion
origination of information
distribution of information
presentation of Information

imp lementation of {earnlng

Lresponses

sansory appeals
symbo) types
dagrees of permanency

physical avallability

degree of avallability to student

audience characteristics
economic avafiablity

psychelogical potential

jooyds-ut

{arge-group

Individual & small-group

home Instruction

#Summary of information from J Flory & W H Allan (28)
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#hila the British "Chambers Technical Dictionary”directly contradicts
this 1n 1ts definition of telewriter
"an obsolete system of +ransmitting ressages vhereby the

excursions of a pen were transmitted by direct currents over

a line, these operated a similiar mechanism, which wrote out

+the message " (34)
tn this country, the term telautograph seems +to be preferred, but is
found most frequently as the trade name TelAutcgraph YElectronics
and Nucieonics Dictionary” defines 1t as

"A writing telegraph tnstrument 1n which manual movement

of a pen at the transmiTring position varies the current In jwo

¢ircuits in such a way as 10 cause corresponding movements of

3 pen at the remote receirving Instrument Ordinary bhandwriting

can thus be ‘transmitted over wires " (35)
To add to the confusion, none of these definitions mentlons sound 4rans-
mission In this report, the term will ke used, but will not be as
restricted in deflnitlon as Bretz has made 1+ Thus, telewrlting will
be used to describe any system—-wire or wireless~-of remote freehand
writing or drawing, with or without the coordinated +ransmission of
volce

"Still-picture Television" azppears fo be a ferm coined by Bretz
for tus Class 1l audio-stifl-visual media In Chapter 2, particular
attention will be glven to shilli-picture television, which may be con~
siderad as a system for transmitting still pictures of many differsnt
kinds, with coordinated sound

A new +taxoncmy has been devised In connection with this study to
depict The relatlionships between various media and their stimulus
characterig¢tics in detatl, giving visual and aural stimull equal walght

(Figure 3) Porter (30) also inciuded tactile stimuli, but they are not

indicated on this chart except indirectly In the response categery The
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- Definitlons of Speciallzed Terms and Trade hames

anzqlyph  a systom used In print and f1Im media to provide +he 1lluslon of three dlrensicas
Left and right 1moges are photographed throuah different color filters (ofian red
ead dlue) The colored images ara then superirpesed Tn printing hien vigwed
through spacial eyeglasses containing filters of the sama colors a *hree diren-
slonal offect s obtained

CoM  Corputer-Quiput Microfilm, a means of recording digitally generated characters directly
onte microflm

frimogreph  a functiona! motion system providing the 1Hlusion of motion 1n flinor filmstrip
media by relative camera=flim movement botween frames

Graphacon, GraffPen, ete Trade namos for various forms of graphic data tablets, which digittze
hand-written or hand=drawn Information in real tIme ihrough the use
of a hend-held stylus and fablat containing a surtable x-y location
Sens0ry system

kineseopa @ Feans of recording a talovision program cn 1im by focusing a rotlen picturs
cargra on a television monltor

Moog synthesizer trade name for an advanced sound synthesizer capable of electronical ty creating
any possible sound by means of plugboard and keyboard ecntrol

PlctuRadlc  trade name {Educasting Division of Triangle Educational Services) for a system of
transmitting sti1{ pletures on an FM subcarrier {SCA}

ECA  Subsidiary Comunications Authority, an FCC designatlon for the use of FM subcarriers fo
Transrut spociellzad programs, such a5 subscription muslc services by frequancy multiplexing
gaa ragtillar broadcast signal  An SCA demodulator must preceds the FM recelver to utrlliza

sarvices

Scanimate, Anlmae Trade namas of Computer Image Corporation for thelr advonced alectronic
animation systems

Technamation, ¥isorama  trade nemes for functionnl motion systems employing Polaroid mataerial
in slides or transparencies VWhen viewed or projected through a
rotating pelarizer an 11tusion of cyclic motion is created

tolecino or film chain  a means of using fllms on television by focusing a projector directly
onto a vidicon television tube Offen, an cptical multiploxer
Is employed with fwo motion~plictura and one slide projector "meltiplexed™
by half-slivered mirrors onto the TV tube

Telestrator trade name for an advancad talewriting systam used In eongunction with tatavision
to enrotate programs locally A conducting glass ovarlay on a horizontal tate-
vislon monitor is written en by a hand-held stylus embodying a flnely polnted
wire brush A scen converter unlt converts position-dependent voltages plcked up
by tha moving stylus Into a synchaed vldeo signal

Hirephoto  trado neme for a telephotogrophic (facsimila) systen using leased widoband telophone
tines to transmlt scanaed photographs from a wire-service headquarters to subscribing
newspapers

Xograph  trade nama for a graphic arts {printing) process employing the parat lax pancramoqram

principle 1o provide an illusion of three dimenslons without the use of special
oyeglassas

Figura 3 A Comprehensive GlassificaTion of Madia and Their Sensory Capabilities (continuad)
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ratienale for this 1s that the tacttle, gustatery, and olifactory senses As 15 true In any attempt to place real-world systems (nto 1ntel-
have not received the same attention as the more obvious visual and lectual ly devised cateogries, Figure 3 cannot show all exceptions The
aural senses In the normal individual However, more research and placement of media types in each of the four cateqories in a mutually
development using these senses is certainly warranted, cartlcularly to exclusive manner 1s only indicative of thelr major applications The
provide handicapped persons with a more diverse information repertory placing of overhead transparencies and microimaqing i1nh the silent-mediem
The stimutus categories are in columns, placed from left to right on category does not preclude using recorded or transmitted sound with them,
the chart according to therr degree of closeness to the real world nor 15 the placing of slides, filmstrips, motion plctures, and tele-
However, whereas Dale and Edling included real world stimuli in their writing in the audlovisual category Intended to imply +that seund always
categorizations, the stimull types used here exclude that cateaory must accompany them

‘In Figure 3, media are arranged in rows, roughly in order of Examples of particular devices or systems are indlcated on the
technical complexity, which may not coincide with i1ncreased sensory Ilnes at +he Intersection of certain rows and columns These are fo bs
capablltty Four major media categories are indicated visual, aural, regardad only as suggestive of the realization means of the medium In
audiovisual, and Interactive Within sach category, there 1s a pro- handling a partlcular sensory capability or rangs of capabl!ities, 1f
grasslve arrangsment of media by thelr usual mode of delivery--direct so indicated
viewing, optical projection, and electrical or electromagnetic trans=- Figure 3 makes i+ easy to study the range of all possible combi-
mission This last categery is essentlally a new one, made possible nations of media with sensory capabiiities The extent of the lines
by the rapid development of computer-communications systems which are indicates actual or experimental use of each medium in handiling a range
capablie of providing immediate feedback to the learner "Interactive' of capabilities in additton to Indicating the range of capabllities
Is Intended to indicate capabiiities bayond the usual two-way voice of each medium, 1T is easy to find which medla can handle particular
communication of the telephone system However rudimentary capabilities sensory capabtlifies by running down each cclumn  Most of The media
of this sort are now in use on the telephone system, such as remote shown are In common use today, with the exceptlon of stiil-picture
Touch-Tone access to computer-controllad volce-response systems  Also, telavision and Plcturephone  Also, most of the capabiiitles of the
the potentral of Picturephone to provide more sophisticated man-machine interactive systems are not yet In common use
interaction may result in services which go beyond its primary purpose 1+ shou!d be evident from the chart thet communication media
of face-to-face communicaztion Certainiy, the capability To i1nteract and their capabi:lities are not statlc Thls is a time of rapld growth
directly and naturally with rmages and sound under computer control has in the development of new media, and i1n the extension of the capa-

areat potential for education, and will be discussed i1n Chapter 3 bllittes of oldar media Thus, more diversity 1s to be expected,
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reTher *+han, as some vould hope, & roratorium or rev developrents so
That some degree of stabili1ty and standard)zation micht be experienced
Media diversity is essential f the differing requirements of
diverse user enviromments are to be met For e<ample, in progected
redia, characteristics which demand different capabilities include
audience s1ze, viewtng location, 1llumination level, etc On the
ofher hand, there 1s l1ttle doubt that compliexity of use and extreme
diversity of equipment and madta has hindered schoo! use in the past
tn the future, the action of +the market should reduce the number
of systems In common use, so that unnecessary ncompatibility--such
as exhibited by the stil! and motion—plcture formats (n Figure 4--1s
reduced For example, there 1s no Inherent reason why half-frame
slides, single-frame filmstrips, and 35-mm motion picture frame dimen—
slons cannot be made tdentical, nor why full-freme s!tdes should use
a different asoect ratic than all other obliong siide and f11m formats
1 &4 EDUCATIONAL COMMUNICATION SATELLITE SYSTEMS  PRECURSORS AND
PREVIOUS STUDIES
This section describes and evaluates a precursor of satellite-based
television, and previous studies of the use of communication satellites
for educational develcpment Tn the United States MNondemestic investi-
gations are described elsewhere (5,6,7,9)  An educational innovation of
direct relevance to communtcation satellite utilization for U §
education 1s MPATI!, the Midwest Program on Airberne Televiston instruc-
+ion  Therefore, attention will be given at the outset to 1ts develop-
ment, and particularly to the difficultles which It encountered In
attempting to become an educational facility enjoying long-term support

and commitment
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Fotlowirg this, several paper studies of domestic educaticonal
communication satellites will be discussed
1 41 MPATI  The Midwest Program on Atrborns Television instruction

On May 23, 1968, MPAT!, a unique experiment in 2-channel airborne
instructional television, came to an end--after seven innavative
years {36} of broadcast acteivity  During the helght of thelr activity,
1961-63, MPATI spent & fotal of $18 mtllion (24)  Although MPATI as
an organization Is still in business producing instructional TV programs
and distributing videotapes of them nationally, they no tonger distri-
bute programs via their unique facility of airborne distribution (37)

A detailed sfudy of MPATI Including complete costs was done by
tvey et al for Unesco (38) Also, a master's thesis on MPAT! was
written by Jameson (39}

According to Fall (40}, MPAT!'s vice president, inihial funding
was cbiained through +he direct intersession of the Westinghouse
Electric Company To the Ford Foundation Together, they convinced the
FCC of the viability of an experimental airborne television facility
to serve education

MPAT! broadcast videctaped Instructional programs over UHF channels
72 and 76 from a Douglas DC-6A aircraft flying 1n a figure-8 pattern
23,000 feet above eastern Indtana Using five ki lowatts per channel,
MPAT] programs could be received over parts of six states, covering a
circular area 150 +o 200 miles 1n radius MPATIl was originally
assigned a total of twelve experimental channels, of which they used
four-~fwo in their main aircraft and two 1n an alternate aircraft
Thus, all four channels were never in use simultanecusly MPATL found

that a double channe! capability was inadequate to serve the educat:ional
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neads of thetr custorers (40) , and so In January 1963, they patitroned
the FCC for the permanent assignment of six channels [n the uppermost
pertion of the UHF band (channels 70 through 83, 860 to 890 Mz)

The FCC hald hearings over a period of two and a half years The
National Association of Educational Broadcasters (NAEB) was strongly
opposed to MPATI's proposed expansion, clalming that all land-based UHF
channels would be adversely affected They recommended that available
channels be conserved, and that local control of education be preserved
(41, 42)

Fall believas that NAEB's cpposition was largely a case of "not
tivented here", because individual members of NAER have been enthusiastic
ghout the introduction of satellite-based felavislion However, MPATI
appeared as a direct competitor for scarce funds They thought that the
$15 millton granted by the Ford Foundation +o MPAT| could have gone into
ground-based ETV development, but there is no evidence that this would
actually have taken place i¥ MPAT! had not sxisted

Fall also believes that the FCC was Trying to protect the upper
range of the UHF band, and he claims that the FCC fel+ that MPATI 's use
of these channels would make 1t difficult, 1f not impossible, to permit
the davelopment of [ow=tower, low-power ground-based UHF television
However, the UHF channels originally assigned to MPATI have never besn
used for this purpose, and now 1t appears that this range wiil be reas-
signed to mobile servieas This outcoms was predicted in an MPATI-
sponsored economic viabliTty study by Steiner and Barnett (43)

Thus, the Commission turned down MPATI's petition, and furthermore
disallowed the continued use of the UHF channeis previously assigned

To MPATI Instead, they offered MPAT! six channels in the Instructional
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Television Fixed Service (ITFS) band This band comprises thirty-one
6 M4z channels from 2500 to 2680 MHz, with power ususily [fmited to

10 watts per channal (44)

MPAT! thereupon made an unsuccessful attempi +o obtain funds for

en ITFS feaslbtlity study This failure, coupled with a drastic drop

1n new rembers——who were uncertain over what equipment they would need—-
impelled MPATI's membership to recommend terminating atrberne fele-
casting at the end of the 1967-68 school year

I+ 18 doubtful 1f the failure to get additional channels 15 the
whole reason for MPATI losing 1ts broadeast capability  According to

Richard Hooper.

"The newer media are not present in the tnner sanctuary
of curriculum decision-making Until the educational techno-
logist can fight his way intc the deparimental meetings and
curricuium committees, whataver he has to offer and however
much sense 11 may make will, at best, be seen as only a frill
In 1967 8 Bohnharst, director of the Midwest Program on
Airborne Televised Instruction (sl¢) stated in an interview
one reason for MPATI's failure as follows  TMPATI fram the
start wes not lined up with the power structure ' (25)

Robert Giazier, axecutive diractor of KETC, the $t Louls area's
VHF educational telovision station, bellaves that a good deal of WPATI's
difficulties can be atfributed to their lack of control over the very
larae geographical area which they attempted to serve  Their backup
services, particularly printed materials, were [nsufficlent, and--mast
importani--they couldn't collect neaded revenus from many schools which
Wipee-loaded" on the service (45}  Fall confirms that Thls "pirating"
was a big problem An Informal survey conducted 'n Ohie during the last
phase of MPATI's airborne expariment found that more fThan 300 schoot

systems were using MPAT| programs without paying far -them {40y
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0f course, much the same thing could be said ¢ —n2 odslic which
benefits from educatienal telavision programmlng durlng non-school
hours  In 19656, the American Research Bureau estiretec that 17,300
homes were reached by KETC on an average day, and Tha™ 91,000 house-
holds viewed the station at least once per week (48) In conTrast to
this, only about 5,000 houssholds were centributing to KETC--by means
of a voluntary annual membership of $10 or more

In fact, KETC could not exist without the financial support of
local school systems, which have provided almost two=thirds of the
station's inceme  Participating schocols pay $1 25 per puoil annually,
and for this modest sum recaive many printed materials which are es~
sential to provide good briefings for the tslevised courses KETC's
income was $471,351 1p 1967-68 (47) and $621,690 1n 1968-69 {(48), out
of which school services accounted for $319,010 and $367,598, respac-
tlvely Their instructional programming for 1970-71 has been made
precarlous by a 50% cut in funds for +hls service from the St Louis
ci1ty schools

The Itkelihcod of MPATI's experience being repeated with satel|:te~
based sducational technology 1s hlgh, uniess those responsible can
provide service on a viable political and economic base

I+ should be kept in mind, however, that traditional formal edu-
eation 15 not the only potential customer for the tremendous distri-
butional power of comsunication satellites Meny educational
organizations serve more specialized needs, 1ncluding handicapped,
vocational, adult, and continulng education and training

An excallent survey of the innovative work of our private voca-

Tional schools has been dona by Belltsky, who points out that
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"The achievemerTs of proo~ietary schools have remained

unknown because They have been virfually ignored by academic

educators and the U S Office of Education In addition,

the owners and administrators of the private schools are

rarely scholars and there have therefore been only limitad

athempts to even describe the scheols' cperations and

accomp [ 1 shrents " {49)

The failure of MPATI want beyond the technical and +he political
into the economic—-they did not have any means of insuring support from
those whe used the service This experience suggests *hat 1f a communi~
catfon satellite 15 launched solely for educational use, or even if it
only provides channels for such use in a satellite launched for other
applications, the ground set-up deserves the most intensive attention
In the initial stages, ground facilitres may have to be subsidized by
fedaral, state, or local funds, but |t seems essential to involve
scheols from the beginning 1n a direct way--by having them pay a
reasonable use fee on a per-pupi| or per-capita basis for services
received

In view of MPATI's experfence, non-paving users shouldn%t be able
to receive these services at zll  If anyone can fune in satellite-
borne programs witheut paying for them, there is [1ttle Tnducement on
‘the part of those who do pay fo continue their support Techneloglically,
this problem might be solved by scrambling the signal, using techniques
worked out for subscription (pay} TV
1 42 Previous Studies of Domestic Educational Communtcation Satellite

Systems
EDUSAT is a preliminary design study for an educatienal television

satellite system Intended for use 'n the U S In the mid-1570's This
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concept was developed in an ASEE#-NASA Summer Faculty Fellowship Program
in Englneering Systems Design (8) Dr Emll Stelnhardt and 15 faculty
fellows from business managerent, economics, educa¥ion, endineering
political science, psychology, and systems analysis did this study ever
an 1i-week period

EDUSAT proposed providing satelltte services In three areas public
television (PTV), special television (5TV), and instructional television
(1TV}, using both distribution and direct-broadcast sate!lita modes
Four full-celor television channels would be provided, with programs
orlainating from any of the four ground factlities~--one each In the east,
the midwest, The far west, and the south One of the channels would
broadcast direct fo home receivers

The proposed uplink frequsncy band was from 8§ 025 to 8 4 GHz, the
downlink frequency band from 7 3 +o 7 75 BHz, and the direct broadcast
would be in the 800 to 806G MHz band (UHF)} A slingle satellite would be
used not only to service the entire continental Unlted States, but also
Alaska and Hawali, viz separate beams

The EDUSAT report concentrates on the engtneering design and cost
estlmates of such a satellite, program production problems and costs are
not considered (see Table 2)  Satellite distribution linkage would have
a capital cost of $96 miltion and an annual cost of $11 milifon, includ-
Ing the four sendling stations Organizations desiring to receive the
weaker 7 3-CHz slgnal would have fo invest $3,000 per site, and homes
wishing o recarve the stronger 800~-MHz signai would have to augment

thelr receivers at costs ranging from $100-3$500

¥ Amarican Soclety for Engineering Education
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Table 2 Summary of EDUSAT Proposal
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The EDUSAT report contrasts these satellite dis=~isL—10" costs
favorably against those stated in the Carnegie Commissior =mso-t on
Public Television, 1n which annual costs of land cor-ec~ioms be¥ween
+the 380 existing ETV stations were estimated to be §17 = iiion (50)

As in several other attempts to do a systems anzlysis and design
for educational communication satel iites, EDUSAT's c-i~a~ e-chasis was
on the technical aspects, which are relatively easy =2 ot=ain 2~d
quantify The organization chart for a proposed educat coral sateliite
corporation was also sketched out, and some attenticn 2atd to the
political preblems of Instltuting such a corporatio~ =-oweve-, because
of the differing objectives of PTV, STV, and ITV, iiitle a*tertion
was pald to the problems of working with school systems  Furthermore,
little 1f any effort was devoted 1o analyzing critical software zreas,
such as program quallty and availablility, and teache~ reg. ~e~ents

Recantly, & proposal for "An Instructional Cormunications Satellite
System for the United States" has been made by E M Sheppard (51}
Educational televislon, computer-asslsted instruction, and "“data
retrieval™ for grades K through 12, tn 110,000 scheels would be part
of a system invalving seven synchronous satallites, using twenty narrow
baams

Sheppard envislions dividing the continental U § ato 15 regions
by school population Reglonal centers would send programs to the
satellltes over a 40~MHz-wide channel In tha 30-6Hz region, and satel-
lites would rebroadcast this channel Tn the 18-GHz region  In additlon,
individual schools would use a 2-MHz-wide uplink bandwidth for data
return in the 30-GHz region He astimates that the ten-year cost of

such a system at 4 3 billion dollars, which would be only about $8 per
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student per year, and states that "I|f one triples this figure to
account for sofiware and-mainterance, the $25 cost 15 guitfe reasonable
In terms of the fypical expendlture per student per year [which is]
$500 " (51}

Sheppard's propesal Is predominently concerned with hardware and
media requlrements, with {ittle consideration of software However,
some attentlon Is given to political and social fagtors "It would be
essentlal that +he network be cepable of highly Individuallzed contrel
by state and local schoo! districts ™ (51} Sheppard uses this to Justi
equipopulation reglons for his frequency assignments However thess
boundaries nelther uti!ize satellite beam shapes effectively nor satisf
ihe demand for jocal control  For example, one region covers the five
states of Nevada, Utsh, Colorado, Arlzona, and New Mexlco, while others
are restricted Yo Jarge single states whose population reguirements are
hardly homogeneous, such as California and New York

A two-part study by 1969 undergraduste fellows of the instifute
for Creative Studies (ICS) has been publiished on the "Use of Satellite
Technology In Education in the Continental United States" (52) The
first part Is an overview, which esks signiflcant guestions about the
relation of satellite Technology to education  The second part relates
thelr experience with three questionnaires devised to find cut what
educational users might do with satellite channels  These queshonmair
were pilot-tested on smail groups of educators

The first questionnaire dealt with present and future sducalronal
Of the resulis

user requirements, and was of a multiple-choice nature

of this questionnalre, the suthors state that "Mt was ciear thet the

»
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uncertainty of the ye~ To be developed educaTionzl technology associa~e:
with satellite technology made 1t virtually impossible even to begir o
guess at answers o the quesTions of cost let alone of educational
financing, feastbiltty, and admintstrative alternatives "

The secord questionnaire, on the content of educational processes,
particularly dagree of interaciion, type of reinforcerent, sne motiva-
tion, allowed cpen-ended ressonses The third questionnzire exolored
attitudes toward the adoptlon of instructional tfechnology, and needs
that might be associated with satelllte technology Results of the
second and third questlonnalres were not reported Recommendations werc
made that a single revised gques*ionnaire be presented 1o a stratified
random sample of U § educaters {1 s not known whether any of these
recomrendations have been folfowed up  However, in industry, where
simt {ar market ressarch techniques are used, It is particularily duis -
cult 1o deferm:ne the potential market size and distribution for a new
and untrlied product or service |n such ceses, newer techniques, such
as the Delphl method (53, 54) and 1ts varlants (55}, are highly desir-
able to weed out the sheer guesses which many responders use when
confronted with ‘the unknown
1 5 GSCOPE OF STUDY

In what follows, the characteristics and epplications of technotogy
which might be utilized In an educational communication satellite syster
are analyzed In detail Chapter 2 1s devoted to a technology of par-
ticular interest, stlil-picturs televistion, tn which the full-motion
capabi l1ty of teievision 1s ¢given up in favor of bandwidth conservatTion

and greater program diversity
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Chapter 3 provides an overview of computer-assisted instruction, 2 _STILL-PICTURE MEDIA FOR INSTRUCTION

and analyzes a computer-controlled instructional television CAl system

2 1 INTROBUCTION
in detail  Also, Tnteractive graphic display systems are discussed,

In this chapter, the nceds of the learner will be examined and

parTicularly as related to television

related o media characteristics I+ will be seen that the capabtl1ties

Chapter 4 discusses the complex trade-offs between communications
of full-motion television are not always needed in an instructionai
and fransportation as applied to the delivery of educetional materlals
setting, and that when this 1s so, the very large bandwidth requirements
A nurber of fechnologies which have present or future promise are
of TV may be utilized alternatively for transmitting a multiplictty
described in detail The use of communication satellifes to electronl-
of other types of instructional programming  Such programs may have
cally distribute printed educational meterials is considerad, with
varytng stimulus content, depending upon the requirements of +he i1nstruc-
amphasts on facsimile technology New developments 1n microimaging
tional sequence Some examples are
tachnology for physical deliwvery of the same class of matarials are
1 audlo-only programs,
analyzed, and potential Tnterfacing with television and computer sys-
2 audio, plus printed material sent via facsimile,
tems s discussed For nenprint materials, such wired-communicatlons
3 pleture sequences (analogous to silent filmstrips),
Technologies as Flcturephone and CATV are described i1n both competitive
4 stili-picture television programs (analogous to sound
and cocperative relationship with satelllte~based communlication systems
fiimstrips)
Finally, @ detailed analysis of the most promising fechnologles of
Of these possibllities, still-picture telavision recelves +the
physical distribution for nonprint educational materials ts given,
greatest attention in this report because i1ts capabifities come closest
centering on ‘the promise of cassette systems for audio and video pro-
to matching those of fuli-motion felevision, and because rationale and
grams, and the video disc system
techniques for 1ts use have not received adequate attention, except
Chapter 5 expands on the role of satellite technology 1n conjunc~
possibly 1n space exploration (56~58) An analysis of the use of
tion with communication media and educational technology A hypothe-
stil1-pictures for educational television has been given In a series
tlcal schedule for utillization of an educatlona! sateliite Is proposed
of articles by Hall (59}, and Bretz has devoted a section of his

report on communication medla to audlo~stTll=visuals (10}
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2 2 SENSORY CAPABILITIES OF ENUCATIOMAL MEDMA

Many educattional ccmmunicatrons propossls concentrate on the use
of television as the prime medium  However, there are other possible
uses of the capabtlities provided by communications sateilites One
recent attempt to make a case for other broadcast media 15 that of
Jamison, Jamison, and Hewiett (60) They claim that the relationship
of cost To.bener|+s greatly favors radio over television

The history of educaticna!l radioc has been documented eisewhere
{61, 62} Although 1t never attainad widespread acceptance in the
United States as a significant educational medium, in many other
countries, radio has made an imporfant contribution For example,
the British Broadcasting Corperation has been using shortwave radio
to teach English Throughout the worid {63), and in conjunction with
other media and personnal, radio has been instrumental in feaching
til1terates to read and write their own lanquage in such countries
as Colombia (64)

However, desplte the atfractiveness of radio in terms of simplicity
and low cost, 1ts necessary concentration on a single sensory channel
or dependence on supplementary alds falls shorT of an optimum learning
sifuation in many 1nstances

For example, 1n a reading comprehension experiment, Travers and
Jester found no significant differences among audto, video, and audio-
video (AV) versions at presentation rates up fo 200 words a minute
But as the speed of presentation was increased beyond this, auditory
corprehension fell off much more rapidly than video However, the AV

presentation showed an Increased advantage over either audio or video
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presentations alone (63) Also, Travers notes that in an AY pre-
sentation, each subject 1s free to choose--albeit unconsciously-~the
sensory modallty most effective for him  Thus, a group of subjects
recaives information better when a variety of sensory modes are employed
t+han when the i(nformation is presented through a single sense, whlch
would tend to penalize some individuals This latter finding should
be useful in training disadvantaged students, particularly those lack-
ing good reading skills

In designing instructional systems, 11 is wise to take into account
the widely different learning capabilities of students Also, a variety
of presentation methods may be reguired to meet the instructional ob-
Jectives of a subjJect area Although large porfions of such subjects
as music and spoken=-ianguage learning are best appreciated aurally, a
subjJect such as painting demands high-quality visuals However, when
discussing a painting with a student, 1t would hardly be a good solution
to present the discussion Tn textual form when his eyes should be on
the picture, so that audio ts an essential supplemsnt Similarly, In
teaching readlng, tf the objective 1s fo relate the written language to
the spoken language, it should be bensfliclal to see textual and iilus-
trative material while tistening to the spoken word

A detailed breakdown of stimulus dimensions for learnlng was devised
by Edling (27}, who characterized medla by their degree of closeness to
direct experlence with people or with things In programmed-|sarning
terms, this Is equlvalent to Increasing or decreasing the number of
cues {see Figure 1} Glven such a model, one needs to specify hls edu-

caticna! objectives so that he can decide from moment to moment In a
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feerning e<oeriance whether a areater or lesser number of such cues
are desired That 1s, the educational advantages of adding an incre-
ment of reality must be balanced against a corresponding cost 1ncrerment

ldeally, eye and ear should provide complementary learning expert-—
ences However, a sincle sensory mode 15 seldom pushed to 1ts limits
This s apparent Tn cases vhere i1nformation can be assimilated at much
higher rates than 1t can be presented For example, trained persons
can readily aitain rates of 500 to 700 words per minute in sllent read-
ing, and the ear Is capable of accepting information at higher rates
than a lecturer s capable of soeaklng, as evidenced by numercus experi-
ments in "sceeded speech" (66-681

There 1s reason to believe that the ultimate information-input
rate Is not iimited by either of the main human sensory organs, the eye
or the ear, but only by neurzl processing mechanisms in the brain (69)
if & single sensory mode 1s being used efficrently, other sensory modes
szem to become locked cut to some degree, which aids concentration
However, particuiarily with children whose earty learning experiance
hes been influenced by television, there 1s strong expectation that
both senses will be used

in Sections 2 3 and 2 4, the stili-picture medium is examined in
detafll Requt rements for s¥ill-picture transmlission will be shown as
falting between radio and full-motion television Tn fterms of band-
width utilization
2 3 THE FILMSTRIP MEDIUM AND 1TS USE IN TEACHING MACHINES

The prime instructional medium currently employing still pictures

is the fiimstrip Fikmstrips have been used far more effectively 1n
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tndusiry than they have i1n education, particularly for sales presenta-
trons (70} However, prospects for thelr fuller u¥ilization 1n educa-
tion have increased greatly in recent years
In his forward to the first edition of NiCEM's* “Index to 35-mm
Educational F1I$5+rlps" (71}, VanderMeer descrites five cheracteristics |
that are largely responsible for the unigque contribution filmstrips
have made t¢ education during the past 50 years .
i Images can range in complextty from simple line drawings to
full-color high-quallty photogrephs
2 Various relationships are possible among three stimulus
types pictures, words, and sounds
3 Stimull occur Tn a fixed and preprogrammed sequence
4 Simple to use by Individuals, small-groups, or classes
5 Presentation pace is vartable and under the control of the
usear
An 1mportant additional point is that the silent fiimstrip can be
made Independent of verbal language of any sort—written or spoken
Thus, the filmstrip medium has the potential Yo provide truly intar-
national communicetion, 1f communication can be done entirely n
pictorial terms
In cases where ‘the synchronized-sound capabl ity of the flimstrip
medium 15 employed, the fifth, and most indlvidualized characteristic,
is sacrificed, because sound flIms¥rips must prccesd at a fixed and

preordained pace Howevar, within !imits the pacing of the sound can

* National Information Center for Educational Media, University of
Southern Callfeornia
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be varied, and 1t 15 mech easier to do fthis with filmsteip than with
motion-picture film, because the progression of the piciures can be
control led by signals accomoanying the audio Intormation  Also, sound
compression techniques can provide sepairate control over plteh and
tempe, so that audio snformation may be squeezed or stretched out in
Time to match variable picture pacing (68}

Table 3 compares the phystcal and utilization characteristics of
sound filmstrips with the scund motion picture fitm 11+ is apparent
that considerabla savings in stze, weight, and distribution costs are
pessible using the flimstrip medium, 1f f1im's unique depiction of
metion can be sacrificed AT the same time, more flexibiiify in use
may be attained

The flexibllity of fiimstrips is particularly important 1f It ts
desired to individualize instruction—-and 1ndividual tzation 1s peculi-
arly difficult to accowslish 1n the traditlonal classroom situation
I ¥ the student uses a fiimstrip 1n a viewing device under his own con-
troi, he need miss none of the material because he cannot keep up, on
the other hand, the student who learns rapidly can race ahead  Further-
mare, (f the creator of +he fiimstrip has done an Innovative job, and
nof just adapted a story or instructional sequence for another medium,
he may lessen the Time ln which i+ takes to learn an Instructional
sequence

Alse, 1f the sequence 1s designed fto require some sort of overt
response to each frame--a “programmed flimstrip"--retention of learning
may be enhancad National atiention has been focused on this type of

filmstrip recentiy in connection with Tthe first educational performance
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contract, with +he Texarkana school system (14)  There, Dorsett
Educational Systems, Inc , has used their (ow-cost audio-visual
teaching machine [AVIM) to motivate and |nstruct underachieving stu-
dents Dorsett's M=§6 AVTM incorparates a rear-screen projection
system and phonograph in a compact device which looks [1ke a portable
™ I+ uses standard 35-mm 1 lmstrips, and 16-2/3~rpm long-playing
records with 30/50 Hz contrel signals which are used +o stop and ad-
vance the flimstrip automatically, and fo evaluate push-button muttiple-
chalce responses

The 30/50 Hz system was originally deveioped by DuKane, fnc , (72)
for pulsing the advance machantsms of their sound-fiimstrip projectors
The 50 Hz 15 usad as a "lockout" frequency, and the advance mechanism

is cnly friggered when this inaudible fone 1s interrupted by one of

30 Hz, sustained for 1 fo 1-1/2 seconds At least 1-1/2 seconds more must

elapse befora the mechanism can be retriggered The SO Hz signal s
unnecessary [f audlotape 1s used Tnstead of LP records DorsefT has
added @ stopping capzbliity to this system (by dropping the 50-Hz
lockout}, and uses short bursts of 30 and 50 Hz fones to set multiplie-
rasponse circuits as the record coasts to a stop {73)

As of the end of 1970, the M-B6 selis for $200, plus a mandatory
first-year maintenance contract of $96  Instructional programs are
avaiiable for $150 up per set of 8 to 15 filmstrip-recard units, with
individual programs priced from $10 to §15 each These prices are
siightly above ordinary sound filmsirips of comparable length, but
Include start-stop-response slgnals on the records Systems of

comparable capabl!ity have been merketed by othar manufacturars for
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Table 3 Characteristics of Film and Fllmstrip Media

Nentheatrlcal Motion Plcture Films Sound Filmstrips Fitm/
Fllmstrip
Ratio¥*
Physlcal
width i6-mm, perforated 35-mm, perforated 1 22
fength 100' to 1600' on reel (800 fypical? 3t to 91 strip {4' typical) 200 1
total material 800" x 16 mm = 6000 sq in 4" x 35 mm = 66 sq In 91 1
frame size {on film) 10 22 x 7 43 mm 23 x 17 5 mm
image area {(on film) 75 83 sq mm 402 5 sq mm 153
frame slize (projected) 9,65 x 7 21 mm 22 5 x 17 mm
image area {projected} 69 58 sq mm 382 5 sq. mm 155
aspect ratio 43 43
color yes yes
sound optical (and/or magnetic) 7" 16~2/3 rpm or 12" 33-1/3 rpm
phonorecord
{or 3~3/4 or 7-1/2 1ps magnetic
tape)
fi1m speed 24 fps {sound), 16 fps (sflent) variable (dependent upon signals

In sound recording}

Uttiization-

typscal running time 22 mln, 7 to 15 min
typical resl size
and fecotage 10" dla resl holds 800! 4! strip, 50 frames
packaged dimensions 1-1/2" dia x 1-1/2" height = 1-3/4 sq In x 1-1/2"
= 3cu In for cotled fllm In can
MMx™Mx1/8" = 6cu in
or 12" x 12" x 1/8" = 18 cu _In }for record
10" x 10" x 1-1/4" = 125 cu, In. Total, packaged 9 to 21 cu in 14 1 to 6 1
packaged welght 1/2 oz for film in can
3 or 9 oz for record in jacket
2 |b for 800" reel Total, packaged 6 to 14 oz 81+o 341
shipping cost + 24¢ + 30¢ insur = 54¢ (spec 4th cl.) 12¢ to 28¢ + 20¢ insur
= 32¢ to 48¢ (3rd class) 171ttt 11
or $1 90 + 30¢ insur = $2 20 {(air mall} or B0¢ + 20¢ fnsur = %1 {air mail) 221

*The higher the ratio, the greater the advantage of the filmstrip medium, except In imace area where the reverse 15 true

*hese costs can be greatly reduced 1f the |lbrary mal!{ rate can be used (only applicable if the material Ts sent to or
from an educational or non-profit organization} The current library rate 1s only 5¢ for the first pound, and 2¢ for each
additional pound without regard to zone Therefore, a 3-pound fiim could be sent for 9¢ and a filmstrip for 5¢, both plus-
Insurance
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Table 3 Characteristics of Flim

and Filmstrip Media (contlnued)

Nontheatrical Motion Plcture Films

Sound Filmstrips

Unigue features

persistence of vision provides
Illusion of motion, permits full
animation, slow-motion, time-
lapse, and other special effects

highly motivating, enhances
affective learning

preferred medium for TV
Interfacing

1 program can be stopped, response
allclted, and restarted, prefarred
medium for teaching machine use

2  motivational when praperly done,
primarlly for coqnitive learning

3  lends Ttself +o multiscresn
prasentation,
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the educational rerket, but zt somewhat higher prices For example,
ihe Viewlex AVS-10 audiovisual teaching machine costs $350, and Borg-
Warner's System 800 costs 3500

Systems which lack the mulfiple-response capabibity are more
widely available For example, Audiscan, Inc has a rear-screen unit
which uses special cartridges Each cartridge contains a continuous
loop of 16-mm fiim of up to 225 frames, and a continuous loop of
1/4-1nch audiotape holding up to 25 minutes of sound tn their rodel
TS#, tone bursts on the tape are used to advance (500 Hz) or siop (2,500
Hz) the flimstrip However, the only response possible to the learner is
fo push a button to restart the program The Audiscan TSM sells for $345
Cartridges cost $10 each, including 10 fest of processed 16-mm color
film stock and 300 To 400 feel of audiotape Prepared programs
packaged 1n these cartridges cost from $45 to $100 sach  Audiscan,
DuKane, La Belle, and oTher manufacturers of restartable sound film=
strip packaged systems have concentrated thelr marketing efforts on
the business and 1ndustrial fratning markets

Unfortunately, with the exception of the Dorsett sys+?m, all of
+he above systems are mutually Incompatible with the conventionzl sound-
fiimstrip medium  Undoubtedly, this has been a considerable deterrent
to their acceptance Tn the educational marketplace
231 Filmstrip Yersus Film Economics and Markets

The sound filmstrip medlum in 1+s conventional form employs 35-mm
color film, with sound on a phenograph record which also contains either
inaudible control tones tor automatic frame advance of the filmsirip

projector, or audible advance signals The detalied analysis of
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filmstrip costs and markets as compared to 16~mm sound motion prctures
mada n this section (see Table 4) provides an Indication of possible
savings which may be realized by still-picture television compared to
full=-motion television

I+ might bs expected that {ilmstrips, which use only one percent
as much film material as do motion plctures, should offer comparable
savings n their over-ali economics However, such Is not the case
Hope (18) found that in 1968 +the average production cost of non-
theatrical sponsored motion pictures was $19,500 while the average
sponsored sound~f1 lmstrip production cost was $10,300, or more than
half as much (see Table 5) A sponsored film 1s one produced by an
organization to promote a product or service However, such films do
not usually use the hard sell, and may bae artistic +riumphs, such as
Robaert Fiaherty's "Louisiana Story™ which was sponsorsd by the Stendard
11 Company From Hepe's data, an average market figure for all non-
theatrical films of $12,660 can be Impllad A fligure for flims pro-
duced strictly for instruction cannot be so derived, but their production
costs are probably less than half that of sponsored fiims

There Is a much larger savings in making and distributing filmstrip
prints as compared to film prints  Andereck has stated that the typrical
10~minute 16~mm color sound f1im purchasad by the Cooperating School
Districts of the 5t Louis Suburban Area cost them $120 to acquire (74)
However, sound-filmstrips can be purchased for one-flfteenth as much

A school can diversify 1ts audiovisual program materlal by build-
ing up I4s own Library of filmstrips, whereas an equivalent [ibrary of

films would be prohibitively costly However, looking only at costs,
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Table 4 U S Market for Flim -ind Flimstrip Media*

16-mm sound fllms 35-mm f!Imstrips

all markets

educational portion

all markets

educational portion

no of titles avallable
(est. on S=yr [ifetime)

no of prints owned*

ast market value of
owned®* prints

35,000 fo 50,000

5 to 7 5 miilion
(@ 150 prints/title)

$1 biltion to 2
bittTon (@ $200 to

~10,000 (75)

1,315,000 (76)

(2 130 prints/tTitle)
$150 mitlion to $300
mititon (@ $120 4o

~40,000 (69)
{only ~15% are
sound filmstrips)

~50 million (@ 1500
prints/title)

~$400 mi | 1lon
(@ $8/print)

21,500 (77

21,700,000 (76)
(2 1000 prints/
+1+te)
-$100 milllon
(¢ $5/print)tt

$300/print) $240/print)
no of new titles 13,750 1700 <4,000 ~2,000
produced 1968 (>50% sound)
total sales, 1968 $453.6 mi | |Tont $44 million (for all $51 miltion $26 4 mittion
types of motion-picture (320 milllon ($17 2 mittTon
1 Ims) slient) sl lent}
(531 million (£ 9 2ZmlitlTon
sound) sound)

¥ Alt flgures are given by, or derived from Hope (1B} , except where otherwise Indicated

*% Schools generally rent fiims, but buy thelr filmstrips,

fiImstrip prints owned (~40% of total #1Imstrips ownad Tn all markets)

this may account for the greater educational share of

versus films owned (~20% of the total)

* includes $3 8 ml|1lon for shortflims, which are defined as flim loops or single-concept films, and are usually Bmm

+* Stient filmstrips predominated In the past, particularty in education
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Table 5 Unit Production, Printing, and Distribution Costs of Film and Fiimstrip Medla
Film Sound Filmstrip
sponsorad all sources educational sponsored educational
Ne of $1000 ] No of %1000 % No of $1000 4 No of $1000 z No of $1000 3
pr!nfif prints/ prints/ prints/ prints/
title title title title t1tle
production cost 19 5% 41 1% 12 66 38 7* 61 280* 10 3* 59 o* 30 375
cost of making
release printfs 150 13,0 27 4% 125 B Bl 26 9% 100 65 29 6% 2000 515 29 5%} 1500 35 438
distribution
coste*
{over 5 years} 150 31 6% 11.26 34.4% 92 42 4% 20 115 15 187
*
Total cost 475 100 0 32 73100 @ 218 1000 17 45 100 0 80 1000
Total cost per |
release print $317 $262 $218 $8 73 $7 50

* These fligures are glven directly by, or derlved from Hope (18).

proportion

For educattonal films, a total cost 1/3 less than those from all sources has been assumed

Others are based from these, or estimated by simple

For educa-

+ional i Imstrips, a production cost 703 less, and a fotal cost 50% [ess than sponsored {iimstrips has been assumed

*¥*

The distribution cost per showing may be estimated as follows
are shown 75 times over a S-year i1ftime, fhere would be 9375 showings, or $1.20 per showing

1¥ sach of the 125 release prints (second fi!m column)

In the case of fllmstrips,

1+ is assumed +that most are sold outright, and that the distribution cost s $1 each for handling, maii, and Tnsurance

* The number of #1Im retlease prints per title s based cn 1954 deta In reference (78}, taking the median for a 16mm color flim

to be 100 prints, and scallna I+ up 25¢% to take into account the growing popularity of fllms

assumed to be 20% greater, and educational f1ims 20% less than the all-sources figure of 125 prints/title
of fiimstrip release prints per title are upwards estimates from a figure of 1000 for existing {mostty siient) filmstrips,
derlved from references (76, 77)

for sponsored fItmstrips, 100%

Hope (18) stated that

Then, the sponsored prinis are

The number

For educationa! filmstrip release prints today, this figure is increased 50%, and
These Increased print production estimates are based on the Increasing proportion of
filmstrips being made with sound, and a correspending increase in thelr popularity

"+he

{1968) sound flimstrip. market for the business category had the greatest rise of all product tlnes, a 146% galn

[over 1967} "
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1t should be pointed out that while filmstries are from ten +o thirty
Times cheaper to acquire than motion pictures, printed booklets of
simi lar confent can be cbtaired for a tenth to a twentieth the cost
of fiimstrips

What should be erphasized i1n these comparisons i1s that the great
variety of medla which have stood the test of time in the merketplace
have a place 1n education In particular, ptctures~-not oniy fiim-
strips, but slides, opaques, and other visuals--have a vital role to
play 1n rastruction, especially when coordinated with sound  New
ways of disftribution should enhance therr utility For example,
satellite-based television, regarded as a universal communications
channel, may be used to distribute such programs and materlals on
a natlonwide and even vorldwide basis
2 4 STILL-PICTURE TELEVISION

The basic rationale for considering alectronically transmitted
stili-pictures for educatton 15 that existing communication bands
are becoming increasingly more crowded, and constitute a scarce

resource which should be used as efficiantly as possible (79) Full

television capability ts wasteful of this scarce resource Even

though thers 15 very Fittle change from one television frame ¥o ancother,

a complete picture must be re-sent 30 times every sacond to give the
appearance of motlon and to avold flicker {see Figure 5)

Furthermors, for many instructional purposes, still pictures with
sound can be as effective as motion plictures {803 Only when students
are studying such topics as athletiecs, machine dynamics, or other

phenomena which change rapidly In time, must motfon be needed for

Ist
2nd

3rd

seconds

T T T rTTTT]

15th

44~
still picture -
{one frame 1n 15 seconds)
dzaz21s] .1 2 ED
31132 &0

15 seconds of ful I-motfon TV
{30 frames per second)

4z

£350

————tee frames used

If the average viewing time of & =41 !l-picture 1s taken to be 15
seconds, during the same +ime, full-motion television would use up
30 frames/sec x 15 seconds = 450 frames

However, 1+ should be pointed oot that This comparison does not take
Into account the disparate requiremenis of still-picture television
for audio bandwidth (see Section 2 4 2)

Figure 5 A Graphic Depiction of the Relative Bandwldth
Requirements of Full=Mstion and Still-Picture Television
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rulf meartng (81-82) -osaver, 1~ a large part of instruction, 11 18
unnecessary Vo provide the i1llusion of motion, and 1n such cases,
the pacing forced by a fised progression of 30 frames a second may
be disadvantageous

Transmission requirements for still-picture television fall
between those for high-fideiity FM sound (15 KHz, transm:tted within
a 200 KHz wlde cnannel) {(63), and commerctai full-motion TV (4 2 Mdz
for video plus 15 KHz for FM sound, transmitted in 2 & Mdz channel)
(833 Any syster for transmeiting still-plicture television programs
should be compatible with full-motion television, while offering
greater program diversity, and potentially lower production and
transmission c¢osts on a per-program channel basis  However, nesded

addiTional ground reception equipment, and -the problem of frozen noise

make detasled cost and fechnical siudles necessary before any final con-

clusions on the cost benefits of still-plcture television may be made
The most Immediate [imiting factor 15 that to display still

pictures on conventional television receivers, means must be pro-
vided to regensrate each transmitted stiil picture thirty times a
second At present, this "speed buffering" can be accompllshed by the
use of storage tubes for black and white pictures, or by magnet:c
video disc units for black and white or color Video tape recorders
available today do not have the capability to step through a sequence
of frames one by one without losing sync, cufting 'nto the middie of

a trame, or losing pleture quality This capability 1s availsble in
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etectronic video recording (EVR), but EVR films must be recorded 1n
eiaborate processing centers, from which the film cartridges are
physically distributed (see Section 4 6 2 2}
2 41 Video Buffering

Television 15 a real-time medium 1n tts basic design phtlosophy,
and has its greatest impact when so used For many years after 11s
commercial develepment, the only practical storage system for TV
programs was kinesconing, in which a motion picture camera [s focussad
on a TY monifor The reverse 1s dong to show fiims on television &
proJector 1s {inked to a television camera In a so-called "fiim chain®
In 1956, Ampex developed and marketed the first videotape racorder
This employed erasable magnetic tape, and has become the preferred
mode for storing television programs for delayed broadcast However,
because a great deal of desirable program material exfsts in flim
form, and because 16-rm motion picture cameras are preferred for
field use because they are much more portable than commerclal TV
equipment, fiim has certainly not been eliminated

Videotape recorders are usually operated on lipe, that Is,
every freme of a television signal 1s recorded, regardless of whether
there has been any change in the picture Some low-cost helical scan
VTR's are available today which have a time-lapse recording feature,
and some have liml+ed slow-motion capabillty However, slow motion
15 accomp!ished by stowing down the tepe while maintaining the same
head rotatlon, which gives a rather jumpy and noisy picture

In recent years, a number of systems have been developed for

"instant replay” of television signals (84, 85 ) These davices
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usually embody a magnetic disc which can record s sequence of televisior
fields around 1ts circumference  Any single field can be dispiayed
indefinttely by keeping a reproducing head above the track it has been
recorded on A frame—-iwo interlaced fields-~is displayed by uslino
swiTching betwsen two tracks and heads, or by simply repeating a single
field with an appropriate time delay A scene composed of several
hundred fields can be reproduced at regular or slow motlion speeds by
changing head lecation relative o the spinning dise, which rofates

a1 a constant speed of 60 rps, so that one revolution corresponds fo
one TV field (8%)

Although magnetic videe disc systems for black-and-vwhite are
available for as little as from 32000 to $3000 from such firms as
Newell Industries (86) and Colorado Video, Inec (87), systems capabie
of broadcast-quality color, have prices ranging from $50,000 (Data
Memory, lnc ) 1o more than $100,000 (Ampex Corporation) per unit
Thus, price levels, and the price gap between noncommercial and
broadcast-quality video disc recorders are somewfiat simllar to those
of videotape recorders

Of most 1nterest In the context of this report i1s that a magnetic
disc system can be used to record a serfes of still pictures which
have been sent via conventional television techniques They can be
played back as individually selected stills or as a sequence of stills,
with another disc acting as a video buffer AV Electronics, Inc has
proposed such an arrangewent for random-access video information storage
and retrieval 1n their Apolio Information Refrieval Sys¥em (88) Thisls an

advance on dial-access Information retrieval systems (DAIRS) fechnology,
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which uses a small general-purpose digttal computer as z process con-—
troller i1n place of the telephone crossbar switchgear usuzlly empioyed

Since the retrieval requirements of each organizatior vary a
great deal, all Apollo systems are custom~made However, a minimal
video disc subsystem would cost $120,000 and up for te=dwere 1 would
incfude a 600-frame master disc with 16 buffar channels and video
switch ($80,000), a 23~head buffer disc with a maximum 6 second re-
trieval capability, and a camera, switching, and cables for conversion
of cenventional picture sources to video signals

Plctures recordad on the master disc are given digital addresses
so that they can be randomly accessed by the processer (CPUY I+
takes 20 mitiiseconds to load a video frame onto the master disc, I+
can be [ocated Tn a maximum of 2 seconds and transferred to a buffer
head on the buffer disc in 30 seconds Because all frames are indi-
viduzlly addressed, they may be added fo or deleted from ‘the master
disc at will without disturbing any other frames  Frames ere copied
onto the buffer disc only during the period of use With 32 fixed
heads, up to 32 different frames can be sent over local transmisstion
facllities {e g coaxial cable) simultaneously

If avdio 15 required with the frames, Apollio uses remotely con-
trolled reel-to-reel or cassette magnetic tapes, which have cue signals
These signals are routed through +he CPU which starts a video update
cycle

Because typical filmstrip programs use about 40 frames, each video
master disc unit can store up to 15 such programs |f users require

more programs to be available on-line, i+ may be necessary to use
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several master disc files In *he future, 1t may be possible to emnloy
device specialization, whereby @ single record-only device--parhaps a
form of videotepe roecorder--coptures the signals from the satellite
Then, the information could be transferred to a battery of playback-only
devices for local distributron  !f magnetic disc units can be brouaht
down in cost To a few hundred dollars, they can be incorporated into
individua! television receivers This would be useful for those schools
which are not connected by cable or microwave ‘o any center, and mus+t
receve programs by direct broadcast

Stili-picture television also may be possible by using low-cost
non-magnetTic video disc or cassette systems, as described In Section 4 6
However, programs In this form must be physically distributed ST11}
other possible systems include the use of storage tubes and signal con-
version devices, as mentioned in Sectlon 2 4 2

Video technology has the potential to provide the means +o display
diverse media on ordinary telavision sefs Complementing television
programs with other services can widen the cholce of 1nstructional mate-
rial available to educators, and cater to more specialized Interests
than the economics of fuli-motion felevision allows

Recapitutating Section 2 3 1, the advantages of the still-picture
medium may be thought of as follows The selling price of a 35-mm sound
filmstrip print 1s only about $8, or 3% of the price of a $250 16-mm
sound motion picture print of equivalent duration (see Tabkle 5) The
major portion of this cost difference Is caused by the amount of flIm
required 4 feet versus 800 feet Film uses 38 times more material

than filmstrip, even allowing for the latter's 5 3 times larqer frame
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size (see Table ¥) However, the portion of these savings which can be
realized by still-prcture television remains to be determined

Another advantage 15 that less bandwidth 15 needed to +ransmi+ the
still-picture television equivalent of a moticn plcture, however, this
savings 15 difficult to auantify (see Section 2 4 2)

Balanced against these advantages are the additional equlpment which
will be required to utilize stiil-picture programs, which adds to the
cost and complexity of the cormunication system A detalled investiga-
+ion of the necessary additional equipment and 1ts cost ts recormended
o establish the viabiltty of still-picture television as an alternative
and supplemental service to satellite-based full-motion television
2 4 2 Audio Requirements

As has been described, the number of programs broadcast in
satell1te-relayed talevision may be enhanced by a large factor, if
motion 15 not required However, to retain audio-visual capability,
each TV frame should be accompanied by voice, music, and other sound
information

In analog form, only about i0KHz 1s required to transmlt high-
qual ity speech, as compared with 4 2 MHz for video Thus, there would
seem To be little to be concerned with in terms of bandwidth necaessary
for the sound transmission However, |f we are transmifting a sequence
of stil] prctures to be used Tn a manner simflar to the sound-fiimstrip,
the 30 pictures sent may be viewed over a duration as [ong as 10 minutes
These 30 pictures can be transmitted in just one second over the 6=Miz
bandwidth of felevision, but fen minutes of sustained sound would have

7o be sent with them For English, 1t takes from a third to a half second



-51-

to speak a word, tn oral readina and conversation, ~espectively
Therefore, 1n normal television, from 10 +o 15 frames are sent for the
u+terancs of every word |f 1+ ts desired to maintain a 50 50 ratio of
audio +o visval nformation transmission, 30 still pictures might be
;énf tn one second, followed by the sound to accompany them tn the next
second This would require an audio compression of 600 1 (10 minutes
times 60 seconds i1n 1 second)

One technique available for time compression of this magnitude Is
digital encoding Mathews cives an analysis of analog versus
digital trade-offs In high-fideiiiy sound recording (89) He states
that 1 ¥ one minute of sound 1s sampled at 30 KHz, 1T produces 1 8 mi [~
lion samples Using conservative digital-~magnetic~taps technology
(2400 feet of 1/2"-wide 6-track tape, recorded at 800 bits per linear
inch), and assuming that 12 bits are required fto resclve the analog
sownd wave, 400 sound samples could be packed into an inch of tape
Assuming that 10% of the +tape length would have to be sacriflced for
recording ogaps, the entire tape could then hold approximately 10 mlllion
samples, equivalent to 300 seconds or 5 minutes of sound However,
Mathews assumes that the tape is not comtinuously moving, but must be
searched, and therefore started and stopped, record gaps are essential
when this 1s done to allow for the i1nertla of the tepe end mechanism
This would not be necessary tn the application considered here

Each 2400-foot tape costs about $50, and a tape write/read
mechaniem able +o use 1+ cests at least $2,000 On the other hand,
the same length of 1/4" audiotape, used for analog recording, could

hold over an hour's worth of top-quality sound for about $5 { at a
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spead of 7-1/2 inches per second), and could be reproduced 2t good f1-
delity on a $100 audiotape recorder Thus, i1t appears that present
analog recording 1s about ten fTimes cheaper than digi*al 1n terms of
material costs, and at least twenty +i1mes 1n hardware rnvesiment

Matheus also states that digital tape can be moved at soeeds of
from 60 to 150 Tnches per second VWhen multiplied by 400 samples per
inch, this i1s equivalent to data transfer rates of from 24 fo 60 KHz
At the latter speed, five minutes of sound could be sent 1n 18 seconds,
a time compression of more than 15 1--but this falls far short of the
600 1 goal previously stated

1¥ we restrict the analysis to speech capability, and without em-
ploying elaborate redundancy-reduction fechniques, 35 kiiobits/second,
or 12 +o 18 kilobits per word, are required to send speech Thus, 10
minutes of sustained speech would reguire 35 x 103 X 60 x 10 = 21 mega-
bits  |f the over-all signal-to-noise ratic of our fransmission system
15 30 db (1000 1}, then in theory 21 megabl+ts could be transmitted in one
second over a bandwidth of about 2 MHz  In terms of the 6-MHz video band-
width, about 9 frames would be needed to store or transmit this dicitaily-
coded spesch stgnal

However, 11 would be difficult to achieva half this rate In practl-
cal systems Therefore, 20 frames might be required to hold 10 minutes
worth of speech--and to transmit it i1n one second, almost the full video
bandwidth would be required But the cost of storing this speech digl-
tally should be no more ‘than one fourth of full-range sound, that 15, a

$50 tape should hold 20 minutes of AM-radio quality sound The 20
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virutes of sound could be sert 1n 18 seconds, a 65 t time coMpress on,
wt this 1s still five tires below the goal of 1 second for 10 minutes
f sound

Recently, very high-speed audiotaps handling equipment has been
leveloped  Newell |ndustries has marketed a unique transport design
hich moves tepe at soeeds up to 960 inches per second Lipsy (80}
hus, high=fidelity sound recorded at 15 ips on a Newel! drive could be
eproduced and sent out at 960 (ps, which would be & 64 1 speed incresse
fgnals could be recorded at the other end of a satellite communications
10k on ancther Newell drive running at 960 ips, and played back for
Istening at the 15 ips speed Thus, analog compression technlques
@em more promising at the present Time than digital techniques
awever, the problems of audio speed buffering seem to be comparab le
‘o those of video speed butfering for still~picture felevision

Sha-ma has corparad ihree alternative schemes for stiil-picture
alevision transmission tn a forthcomeng thests  slow=-scan, Time-
‘hared video with frequency-shared audio, and time-shared video with
me-compressed audio (91) For the latter scheme, Sharma has calcu-
ated the theoretical number of subchannels possible ynder various
ombinations of frame rate and audio compression These calculations
‘spresent the upper Timit of practical systems, because they make no
srevision for guard bands, sync, and other confrol signals which must
e provided for video transmission Also, no provision 1s made for
iignal degradetion caused by noise, which Is always present in real
‘ransmission systems, and which may become much more neticeable whan

'"frezen™ 1n a shill-picture
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Therefore, only the theoretical maximum number of still-picture
jelevision subchannels which may be sent over a standard Television
bandwidth are given in Figure 6 For example, 90 subchannsls would
be theoretically possibie 1f the composite {frame time s 4 seconds, and
1f 10=-kHz audio 15 compressed 420 times and transmifted using double-
sideband amplitude modulation Te double the nuwber of subchannals +to
180, the freme rate must be slowed to one every eleven seconds ULsing
more complex single-sTdeband {$58) modufation, 5-kHz audio could be
used for an audio compression of 840 This would enable 105 subghannels
to be transm:Tied at one frame every four seconds, 225 subchaznnels at
one frame every eleven seconds, and so forth

Yartous means o 2ccomplish time compression and expansion of
audio slignals are suggested by Sharma. One possibjlilty is fo use an
electronic storage tube to store Images composed of frequency-converted
PAM-sampied audio  Such storage tubes are commercially available from
such firms as Hughes Aircraft, International Telephone and Telegraph,
Princeton Electronic Praducts, Rauland Cerporation, and Tekironix, Inc
They range 1n price from about $500 (without electronles) fo several
thousand dollars {(with electronics), depending upon such factors as
rasolution, picfure stze, rapidity of plcture change, and whether or
not scan conversion is requlred

An Tmpression of the capabillties of stil!-picture television
transmission can be obtalned by assuming that one composite frame
1s sent every four seconds, and that a telsvision channsl s
available 24 hours a day for this transmissfon Also, assume that
S5~kHz S$SB audio 1s used, so that an 840 compression factor Is possible

Then, 24 % 60 x=15 frames/minute x 105 subchannels, or over 2 million
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N = number of subchannels {each covprised of one still-video plus ona compressed audio frame)
T = composite frame time for transmittal of N subchenaals

Vs Vou Py stl|1-video fremes transmltted during T
3, a,, y oy comprossed-audio frames transmitied durlng T
*v = time to transmiT one still-video framag

Ta = time to fransmit one compressed-audie frane

Cc_ = I. audia compression factor (also equal fo ratio of orfghnal video o audio signal

a fn bandw!dths)

{alf Times in seconds, tlme guard bands, and AGC and frame sync bursts Ignored)
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still-plcture fremes witth accompanying compressed audio may be trans-
mitted In 24 hours |If the average st ll~-picture program is 50 frames
long, up to 40,000 such programs could be broadcast every day Typl-
cally, a 50-frame program would be viewad over about 8 minutes Only
180 full-motion televlsion programs of similar duration could be frans-
mitted durlng a 24-hour perlod Thus, still-piciure television could
theoretically provide more than 200 times as many programs aver a given
bandwidth as fulli-motion televislon, but how much of this advantage can
be reallzed in practice remalns to be determined
2 43 Functional Mofion

Aftar still-picture talevision programs have-been picked up by a
ground station, It is possible fo relnfroduce some types of motion
Such tfechniques have been used in motion plctures since their Invention
A motion-picture segment which has been made entirely from sfill pio-
tures Is called a filmogreph  Animated motion plctures are alse created
from st1lls, but In such a way that they convey the Iiluslion of motion
Just as though they had been made by a camera In the natural vorld On
the other hand, In a filmograph no attempt is made o give the Tllusion
of real-world motion That is, the "micrometions" of |imbs, lips, and
other muscular motions are not attempted, but only the "macromotions™ of
entire organisms and objects against a background

In stitl~picture television, not film but probably some form of mag-
netic storage i1s used at the receiving station Therefore, the name
fiimograph would be Inappropriate The analogous still-picture fele-
vision capabiltty will be termed functional motion, As In f1imography,

repidly changing noncyclic motion cannot be conveyed, buf The
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considerable variety of cyelic and linear motion passible may be very
useful for instructional and motivational purposes

Functional motion has been used i1n commercial television for &
nember of notable art and history programs  Some of these were Initialtly
created as {1 lmographs for direct progjection, and some made especiaily
for television viewing Sitll pietures of paintings, drawings, and
phorographs have been given a feellng of motion by camera and/or lens
rovements relative to the objects baing photographed or televised If
these techniques were not available, leoking at a stit! picture for
mere than 10 or 15 seconds would become boring In many situations
However, creative cutting, panning, zooming, and other functional
motions can help sustain interest 1n a single picture for periods up to
z minule or more

Vhen functional metion sequences are analyzed, they are seen To
be the result of combinations of a small set of physically or electron-
1cally controlled movements [see Figure 7)) For example, zooming s
ohfained by rotating one portion of a zoom lens 1n relation to the rest
of the lens, panning and ralling by relative motion between camera and
object, fading by moving a diaphragm or shuiter tn film cameras, or
etectronically in talevision, and so forth It would not be difficult
to recora signais for these motions in analog or digital form on &
separate track, running in parallel with the plcture and sound tracks
on videotaps

Thus, programs telecast via satellife could have subchannels fer
video, audio, and control information On the recerving end, this con-
troi 1nformation could be used to provide functional motion  As each

still prcture 1s retrleved from the store, fhe confrol information

~58=

Zeom scene appoars progressively ciose~ [cacers "zoom [nt)

or further away (comera "zoosm cutt)

Pan scera appears fo move towards let~ (carera "right

pen') or right (camers "lef~ pan}

Crowl words or arhwork appsars 1o nova ‘mom right to left
tusual) or foft to right, superinposed on 2 backe-

ground scena or blank screen

THit scana appears 1o mova up (camera "+ibt dewn") or
down (camera "+ I+ up™?

Roll 1Inas of type or artwork zppear o revae vartical iy
from bottom to top (usual} or *op 1o botton, up or
down, suporimposad on a background scens or blank
sereen

Fado

Dissolve » effects smooth transition betyesn scenet

Biink provldes subjective animatlon effec™ by repid

alternation of pasitive and naga*ive fromas

There ara many other possiblo functional matban technlques such 3s Lirited animation,

progressive disclosura, pelarity reversal, efoctronic matti ot
mary of thasa ia defaff l(143?.‘1 ! 19 16 2eTHE daseribes

figure 7  Functional Motion Tachniques
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alters 1t electronically or electremechanical ly before it 15 sent cut
as a full-TV signal This may be done wtth a flying-spot scanner, scan
converter, or film chain ITnking a still-picture projector with a
television camera

Furthermore, a local user could add a functional motion track to an
existing still-picture television program, or create a different track
than the ons recelved

!+ Is reasonable to ask why, 1f this technique can be so effective,
tt has not been more widely used with sfill pictures Heretofore, there
has been little reasen Yo try to separate out motion, because commercial
television has the full-motion capablilities of the medlum available

However, if 11 becomes important to conserve the electromagnetic
spactrum, thare 1s great advantage tn separating out the motion function—-
as long as the llmitations of this technique are fully appreciated This
fs particularly true in satellite-distributed television, where band-
width conservation 1s highly desirable, provided that ground stations
are equipped to redistribute previously stored still-picture television
programs, either by broadcasting or cable In the latter case, a much
larger numbar of local fuli-television channels may be accommodated
than 1s available In the former--perhaps up o 40 CATY channels versus
10 YHF/UHF channeis

However, fumctional motion has 145 price  For example, conven-—
tional television resolution 1s not capable of providing sufficient
information 1n a single frame to permit a "functional zoom ' To see why
this is so, consider a stili~TV frame which Is to be zoomed AT the
beginning, 1*ts contents will fil1l the TV frame, but as the zoom proceeds,

less and less of the original contents will f11! the frame Therefors,

B0~

tf the origina! vertical resolution was 480 lines over the whole frame,
at the end of 2 3 1 zoom, only 160 of these lines will be present (and
less than this horizentally)  That s, 1f a zoom ratio of n 1 1s em~
ployad, both vertical and herizontal resolution must be increased n
Times to malntaln equivalent picture quality Therefore, ot the begin—
nlng of the zoom, the plcture must contain n2 Times as many elements as
at the end to provide the standard number of picture elements

However, this doss not preclude the use of functional motion 1n
still-picture television, for In this case bandwidth may be fraded for
time Thus, either n2 times the bandwidth may be employed to maintaln
resojution, or n2 Times as long may be +taken to transmit ‘the Information
For example, Ina 3 1 zoom, n? =9 The picture could be sent in 1/30
second over 54 ¥WHz, or in 9/30 second (9 sequential TY frames) over &
MHz, using conventional AM-VSB modulation

Even this multiplication of frames may be unnecessary |1 has been
assured that the eventual viewer will have a chance fo observe each
frame critically during the zoom progression In reality, he will be
unable fo do this, and during the zoom the apparent resolution may

change as 1+ will, as long as the beginning and ending frames have full

reselution  The same fthing 1s true of panning and other transitional
motions  Thus, instead of an n2 factor, only a facteor of 2n may be
needed to provide a reasonably good functional motion capability

The provision of a funchional motlon capability will add fo the
complexity and cost of any stlll-picture television system Provision
must be made to encods the motions onto a separate track, or multiplex
them with other signals At every recelving point, provision must be

made to decode the signals, and automatically controlied physical or
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lectronic devices must be employed to translate these signals into
cthion  No estimates of the cost ;f providing This capability will be
tempted 1n this report Therefore whether functional motion can be
ustified economically remains to be determined
4 4 Distribution of Sti11-Plcture Television Programs vis Satellite

In distributing still-picture TV pregrams via satelllte, no exten-
ive modifications of existing or proposed transmitiing stations should
e required That Is, existing fllm chains can send sti!ll pictures at
he standard TV frame rate of 30 fremes per second, 1{ they are con-—
erted to 16-mm form Sound requires separats handling, buf if spatially
ncoded, 1t could be placed on alternate frames, or in a contiguous
arias of frames after a series of strll-pictures

However, at each ground station,means must be provided fo store
‘he stili-preture frames and convert them to standard TV signals by
‘agenerating each st ]l frame thirty +imes per second Also, the en—
:oded sound frames must be converted into normal FM audio

However, given a ground program-buffering capabllity, there is no
aason To follow conventional fetevision distribution practice, n
thich all programs are sent simuttaneously to all schools  Instead,
sregram choice may be made highly selective  Appendix 2 provides an
analysis of demand~access requirements for silil-picture felevision
yrograms

Selectivity is possible usting multiaccess communications satel!llite
technology, such as the MESA technlque proposed by Campbel!l (93) In
MESA, each ground station would send out bursts of several klloblts
At the satellite, the received signals would be amplified by a simple

broadband analog repeater Each ground statlon burst would contaln
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an address signal fo enable the addresses to pick out the correct bits
from the total blt sfream Cne ground station would also transmit the
raquired frame reference

In MESA, both information and address are digital strears, but
analog Tnformation could also be preceded by digital address codes
For example, each still-picture Sequence to.be transmi*ed from a

ground station might have the follawing forma+t

7
transmiiter // Ttem #1 item #1 tten £
2 + 2
or recelver?? ident | (e g, sTil] pix + sound) 1dent tem #
ident
Tima =

ldentitication numbers mlght follow the practice of +the In*ernational
Standard Book Number (1SBN) scheme (94), which also provides informa-
tion about the country of origin, and publisher or producer Also
other digital information could be provided concerning Intended audi-
ence, number of frames In the program, length of viewtng *ira, ete

To plck out a particular sti | l-picture program from the mass
being broadcast by several sending stations, a special-purpose digital
memory and control system could be provided at each recaivirg center
I'f programs ware received at random--the most l1kely case~-sufficlent
memory capactty would be required to handle +he maximur daily require-
ments of that center's customers, or perhaps between 100 ang 1,000
programs If we assume complete rdentiflcation tTakes 20 decimal digits
por program, a memory of from 2,000 to 20,000 daclmal digits would be
required

Itams to be received on a particuiar day couid be chosen from a
prinfed cataleg Thelr Tdentiflcation numbers could be entered via

keyboard or optical reader at each user locatlon |f +he recelving
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equiprent was left on standdy teenty-four hours a day, whenever the
desired program was broadcast the receiving station would be able o
select 1t aytomatically by address maiching

If all programs were to be sent 1n ascending order by seral
number, recefver memory requirements could ba greatly lessened, perhaps
to the axtent that only 20 decimal digits per receiver would suffice
After one desired program had been received, the stored decimal identi-
ficatlon would be erased and replaced by the next desired number in
order, and so forth However, If several different stations are sending
simultaneously, thers is no way to assure programs being received in
ascending order at a particular ground station

Using message store-snd-forward technlques, probliems of time-zone
differences and local viewing conventence in confllct with broadcasting
schedules would be eliminated Programs could be made ava)lable from
local centers whenever, ard however mzny Times a particular user wanted
them These techniques imply a hierarchy of access, beginning with the
fransmitting station, going through ground receiving and redistribution
centers, and finally ending at the individual schoal, and perhaps the
individual classroom or even student !'n such a hierarchy, buffering
equipment is essential

However, if individual schaols do not have buffering capability,
compiete flexibility of use Is not possible That is, only so many
st1ll-picture programs~-now processed for local transmission over the
ful! television bandwidth--can be sent simultaneousiy With coaxial
cable distribution, This limi 1s presently thirty to forty channels,

and should suffice for all but the very largest schoo! systems Of
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course, specialized receiving centers could be employed, each serving
a different educational level, subject interest, or gecgraphical area
within a single metropolitan reglon

Ancther problem arises 1f we want +o determine which programs sre
being used While 1T would be cheaper not to gather this information,
1t 15 likely o be required for legal and accountabllity reasons, such
as copyright and royalty payments, and to insure that the system is
operated on a financially sound basis Also, 11 s useful to know the
frequency of use of each program by each receiving location Less
popular programs might then he kept I'n less-accessible form

A reliable way to gather this Information--without requiring each
receiving station to have sending capablilty-~Is %o employ a recording
mechanism on the ground that stores the identificatlon nurbers of all
programs as ‘they are received at each center  Tapes for these recorders
could be packaged 1n  convenient lengths to Insure that they are
refurned within a reasonable pertod of time For example, when one
hundred Tdenttfication numbers had been recorded on i+, a tape might be
filled 14 could be malled to a distribution center or central faci!ity
far billing, accounting, and statistical processing Bills could be
sent To the receiving stations, or funds debited from a yearly credit
pre-astablished with each recelving point

These schemes for obtaining indlvidualized program access are
based upon the assumption that no return capabliity will be provided
from most receiving stations However, this assumption may not be
sustained in actual practice Some centers may well have return cap-

abillty, and accounting information then could be sent back To the
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originating center or a specialized countrywide satellite-education
headquarters processing center via satellite Rapid two-way commun-
fcatlon is only essential for such-applications as feleconferencing and
computer-assisted instruction  Some of the inmitial experiments with

sateltite-based educational networks may ‘try cut these applications

56

5 COMPUFER-ASSISTED INSTRUCTIC

3§ INTRODUCTION

Few technologice!l rnnovations In education have stirrad as much
expectation--and as much hosti|fty--as computer-assis-ed tnstruction
(CAl}  Many of the i1deas in the field of computer-sss s*ed instruction
have developed cut of the earlier innovaiion of progremrad 1nstruction
Soma advocates of programmed |nstruction maintained +hat the original
linear program format devised by B F Skinner (95) was too rig:d, and
that to provide a signitficant degree of tndividualiza*ion, 1t would be
necessary to provide alternate paths for learners (56)

However, the crude teaching machines which were atl the rage In
the initial wave of enthusiasm for programmed instruction during the
early 60's were Incepable of providing more than one or two levels of
branching Hence, branching enthuslasts turned their attention to the
raptdly developing technology of digital computers, ane CAl was born

Computers can provide an unlimited degree of branching, as wall
as evaluate constructed student responses rapidly towaver, the
expense of developing ftruly flexible programs for a wide variety of
students is extremsly hlgh, and present languages developad for CAl
underutilize the vast logical capabilities of the computer  An
exception fo this is an extremely powerful general-purpose programming
language—-APL--developad by lverson (97} Present 1o lementations of
APL are all interactive, and lend themselves naturally to CAl (98)

One of the most advanced CAl systems 1s PLATO at the Universlty

of Illinois Alpert and Bitzer have described PLATO, CAl in general,
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and the cos*s of CAl (99) , Seidel, Keostein, and Swallow (100} rebutted
what they call "four technological misconceptions" 1n the Alpert and
Bitzer paper

Prevlcusly, Kopstein and Seidel (101,102} had done one of the first
detalled economics studies of CAl, 1n which they maintained 1+ could
probably be made availeble at a cost as low as 11 cents per student
hour, 1§ the software and instructional programming costs could be
shared by enough students They also claimed that CAl could then
become competltive with traditional feacher-assisted instruction (TALY,
which exceedad 11 cents per student hour by 1959-60 even 1n rural areas

Another economic study by Carter and Walker (103) compared the
costs of installing and operating ITV and CAl Tn U S public schools
The daily costs of supplying a typical scheol system of 100,000 students
wlth one hour each of ITV programming and CAl were estimated over a
150-day school year ITV cos*s «ere from 5-1/2 to 30 cents per student
hour, but CAl costs were estimated to be $1 80 per student hour for
the simple drill-and-practice mode of instructton, and $4 80 per student
hour for the mere complex fuforta) mode The drili-and-praciice mode
s simtlar to +the simplest type of programmed 1nstruction--or aven to
tlash cards The 4utorial mode i1nvolves a combination of programned
instruction and drill and practice, and may require terminals with
more versat:hity than feletypes

1+ 15 apparent that even wel f-conceivad and intentioned economic
studies of such new fields as CAl suffer sum lar problems of trade-off
determination as wiil be seen I1n Section 47  [f one is allowed to pick
his assumptions, the cost evaluation eas)ly may unduly favor one of the

alternatives A batter way fo do these studies would be to defina
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objectives as precisely as possible, and then find what technologies,
or better mixes of tachnologies and psople, might best serve these
obgjectives  Then, 1f hard costs are aVallaélg, the competing system
which can do the job for the least cost can be ascertained with a fair
degree of reliabilsty  This sounds simple, but in almost any real
situation, ‘the number of unknowns--parficularly when dealing with a
new technology-—1s very large, and even the knowns may have a consi-—
derable range of variation
3 2 COMPUTER~CONTROLLED INSTRUCTIONAL TELEYISION

One of the most interesting recent developments in CAl 15 the MITRE
Corporation’s TICCET (Time-Shared Interactive Computer-Controlled Edu~
cational Television) proposal TICCET was originally conceived as a
comp letely communications-oriented system, but evolved over a couple of
years Into a system whose only communication links are cables within a
single school

Originally, TICCET involved a massive $10 miillon central computer,
which was to be accessed from 10,000 interactive terminals In a hundred
different schools Nuthmann (104) estimated +hat the ons~time cost of
such a system would be about 25 mi|lion doliars, with recurring software
costs of a mtllion dollars a year, and annua! operating and mainfenance
costs of 2 million {(see Tables 6 and 7}

0f particular Interest in the context of this report was his state~
ment that "if the apparent continucus motion of felevision is for-
feited a large number of felevision sets may receive different still-
pictures over a single television channel" The system was fo

have handled four distinctly dlfferent types of I[nformation
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Table 6 TICCET Design Paramoters and Costs

Educational Computer Utiilty (orlainal} Proposal {(see rof 104} |n~School CAl/CHl Corputer Proscsal (see ref 105)
ena system to serve 100 scheals single-schoo] system Systems 1n Svstars 1n
System in ono 100 schools 18X schools
scheol (linear {oroposal
{unit quan } scale-cow-] hagig})
Hardware
Te-~inzls 1 to 15 stuents/termlnal 5 students/tarminal/day
“c o tarminals 10 €00 128
terminal use 6 to 12 hours, 250 days/year 5 hours
average s*udent Input tire 0 1 see {1 to 30 chars )
average Tnterframe interval 10 sec 10 sec
tarminat servicing rate 1000/ sec 2 to 3/sec
cost of terminals3 @ $1000 each $10  miflion $300 each $50,000 52 5 million %25 million
{inctuding c¢cables)
Cempu*ar, B800-ns cycle time DOP-516, 9&803-ns cycie 1970 $120,000 $12 e tllon £120 millTon
s {est ) 1914 70,000 7 milica 3 rifllon
core 380,000 60-blt registers 29 x 10° bits core 64,000 16-bit words 10° bits 108 bi4s ® pi-s
disc 10 to 20, aach disc 4 typo 273 disc packs a 10 "
5 x 107 to 108 chars 4o 8x 107 bits oot each 18 4 » 108 chars 6 x 10° blts 6x 10" bi*s §x 10 lzalts
disple display 1970 $120,000 $3 mittien 580 miilion
genzra‘-;o.- 2 72-channel disc ualts @ 560,000 ganerator tost ) 1974 65,000 4 miiiion 20 mililen
cost $10 millien
Communications 33 full TV chennels on coex cable & microwave, coax cablos within each school ((no transmitters or mlicrowave)
sach channei +ime~shared by 200 terminals

transelter cost 50 4 million

cable & mlcrowave $1 EmillTon
cost $22miillon
Faclllties cost $2 mili{ion Multip lexers, ofc 1970 $70,000 $3 5mitlicn $35 millifen

tost } 1974 30,000 2 #illen 20 milllen

Total hardware costs £24 2 million
Annual oserating costs $2 4 nmillion 539,000 $3 9 militon  $32 miltifen

Software casts

tial system develcpment $1 miilion initial curclcuium development £2,000 $200,000 52 mlillon
;:rlma? detalcpman¥ ® $1 milllen annual currlculum devel cpment 52:000 5200:000 52 nlllion
Students served, 100 to 150/sehool 10,000 to 15,000 500 50,000 500,000

{1 hour/day)

Total student tarminal-hour 12 to 3¢ intansive use 2000 hr/yr 80¢ 20 to 35¢
otal cost/ norral use, 1000 hedyr $1 20 40 to T3¢
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Table 7 TICCET Frame Requirements

one system to serve 100 schoolg¥

no,of frame bt bit
frames type requl rement rate
900 alphanum, 10 Kbits each 9 Mbits/sec

100 st i} TV

& volce 200 Kbits each

1000 terminal

address 14 bits each

20 Mbits/sec

14 Kbits/sec

Total, system output channel

30 Mbits/sec

¥response contingent addressing, assume 90%
of frames contain only alphanum. 1nfo.;
frame change rate, one per second.

In-Schoo! CAl/CMI Compu*er Proposal

single-schoo! sys+em+

no. of
different frame frame total data
frames Iype capactty requlrement
80,000 text 350 bytes 28 Mbytes or 224 Mbits
30,000 pictures! 1000 bytes 30 Mbytes or 240 Mbits
1,500 wvoice 4000 bytes 6 Mbytes or 48 Mbits
2,000 user records 1000 bytes 2 Mbytes or 16 Mbits
100 algorithmic 2000 bytes 0.2 Mbyies or  16Mbits
Total all frames 66 2 Mbytes or 530 Mbits

1

*priority queue addressing, picture frames are % TV
screen width each, one-third of text frames have
pictures, voice frames are i-~second duration each
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alphanumeric, graphic, votce, and algor thmic  An average 10-second
\nterframe 1nterval was specified for all fterminals

Recently, the TICCET project has been reorganized Although still
devoted to CAl, the TICCET system has been redesigned to be small enough
to be located at each school, and thus be tndependent of communication
lines In this new proposal, there would be 100 TV-based terminals In
each 500-student school, for a present umit cost of $480,000, which 1s
estimated to drop to $265,000 by 1974 (105}

Furtherrore, TICCET's new manager, Kenneth Stettin,maintains that
1f a2 thousand TICCET systems could be marketed, the present cost would
drop to $260,000 per unit, and to $155,000 by 1974  Maintenance would
be about $25,000 a year, software and curriculum development $2,000 a

vear {pro rated on a per-school basis), installation and engineering

{amortized over B years) $10,000 a year, and flcor space and consumables,

$4,000 per year

One way to compare the costs of the old and new TICCET proposals
is 4o simply multiply the present figure of $260,000 per system {In
quantities of 1000) by 100 (the numher of terminals in & school) Hf
+hls is done, it 1s seen that the total capital cost of 26 million
doltars 1s Just about what the cost would have been for the original
system, which included costs of broadeasting, microwave, and cable for
+he equivalent of 33 full-television channels However, the approxi-
mately 5 million dollars saved by eliminating these communications
links may (but this 1s difficult to ascertain) be traded off for a more
responsive or more versatile system as far as students and tfeachers are

concerned Some of the desirable features of the new TiCCET are that
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1 the system should accommedate encugh sirultaneous terminals
to serve an entire elementary school,

2 the system should provide most sensory and response features
desired by educators (alphanumeries, stil] aictures, voice,
and stlent keyboard response),

3 the data base should contain all data sufficiant +o teach
bastc reading and basic math on-iine

4 the antire system should be based on ex.:sting hardware,

5 the first equipment put into the field should be low enough
in cost (perhaps $300 per terminal} so that particlpating
school systems could afford +to continue use on their own
after the experimental period

TICCET has been funded by MITRE's independent R&D Program,

"Computer-Controlled Education TV Pilot System" (progect 9710)  They
are now actlively seeking outside support However, as Nelsen notes
"MITRE 1s developing TICCET at a time when most f1rms

are retrenching their CAl efforts i1n disillusionment after

overoptimistic predictions of past years and i1lusory profits

How the TICCET system could eventua!ly be marketed is as yet

unciear MITRE i1tself Ts prohibited by t+s charter from

belng in the hardware business " (1086)

Another potential problem area of the proposed system concerns 1ts
use of digitized voice vocabulary In their propasal, Stettin, Morton,

and Mayer state that

"The number of bits per second required to synthesize
each second’s duration of voice is surprisingly large 6,000
sampies per second FEach sample [must be] six bits +o pro-
vide the degree of accuracy reguired [or] 36,000 b:ts per
second to reproduce telephone quality voice To avoud
using enormous amounts of the data base for the voice mes-
sages accompanylng many of the Insfructional frames, a system
1s used in which each of 1,500 one-second voice segments is
digitized and racorded only once in the disc drives ™ (105, p 19)
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Therefore, they conclude that only "30 percent of the 128 ferminals are
using the voice feature at any grven moment ™  The 1,300 phrases

to be stored are probably a reasonable amount for the fwo subjects o
be i1ncluded--reading and math for kindergarten through the sixth grade
However,The mechanical quality voice synthesis, coupled with the other
robotic features of the system, could cause trouble with parents and
teachers, 1f not students, Furthermore, systems are now avallable
which can synthesize a more natural sounding voice directiy from a
storad repertory of basic speech phonemes, such as VOX [, a product of '
the Culler-Harrison Company (107) VOX | could also be used to alfer
+he rate of speech presented to the student, without decreasing the
intelligibTlity or natural quallty of the synthesized voice

However, from the standpoint of cost both the proposed MITRE system
and VOX | are not likely to be competitive with some of The newer
adaptations of analog audio technology Recent developmenis Ln
tape cassette technoloay have made [+ possible fo provide up to
four independent tracks on a tape cassetie, so that |Imited branching
capabl l1tles are made available Also, several hundred volce segments
could be made availsble via 8-track stereo cartridge technology, as
has been done for dial-access medical information at the universities
of Visconsin (108,108} and WMissour: (110}

Also, digital magnetic disc hardwars, which Ts the major storage
element for all four forms of information--alphanumeric, graphic, volce,
and algorithmic-—~1s extremely expensive The ortglnal TICCET proposal
employed Date Disc 72-channe!l systems, at a total cost of almost
$60,000 The high cost of Data Disc equipment 1s 1n large part dus fo

+he necessity tao design tha dises to record and retrieve very
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high~density digital tnformation, hence the heads must be 1n intimate
contact with the recording surface An additional disadvantage 1s
that the dis¢s used 1n this unit are quite expensive, and must be
physically changed in every schoo! to change or update the curricubum
In conclusion, there 1s considerable doubt whether an all-digital
system 15 the correct choice at the present state of development, or
whether analog fechnology should not be retained for the bulk of the
Information stored, with digiftal technology employed only for control,
response, and logging purposes With the proper mix of these tech-
nologies, an even more cost—effective CAl system could be made available
Furthermore, until effective, low-cost two-way communication with
satellites is avaliable o a large number of schools, their main CAl
role 1s [lkely to be In the disfribution of CAl programs However,
this Is a highly useful function, as CAl in 1ts present state of devel-
opment requires more revision than conventional nstructional materials
Also, given the distributional power of a television broadcast satellite,
CAl pregram writers may be encouraged to modify their overly verbal
techniques Tn favor of more audiovisual content )
A major stumbling block of most CAl efforts in the past has been
in the Iimitations of the terminal, usually a teletypewriter linked to
a remote computer via the telephone network  Althoughundoubtedliy
one of the lowest cos+ i1nteractive devices available ($600 to $800 eachl,
teletypewriters are very nolsy and slow {10 characters per second)
Howevar, many manufacturers are now stfempting to surmount the
defects of The teletype as a remote terminal, while keeping costs within

1ts range  One of the most promising termirials for CAl use is

Picturephone {(ses Sectiong,s 1)
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3 3 INTERACTIVE GRAPHIC DISPLAYS

Particular attention has been given to cathode-ray tube (CRT)
displays, which produce no hard copy, but enable their users to get -
access To the most up~to-date version of computer-stored information,
at a conveniert location, and at a pace and amount consonant with their
needs and prefereaces A comprehensive review of interactive display
terminals 15 glven in a three-part series by Brick and Chass (111-113)

Most low-cost interactive display terminals on the market are
capable of handling only numerals and letters--"alphamerics”  Such
‘terminals usually are employed as replacements for Teletype machines,
and consist of a keyboard coupled to a CRT, with local electronics for
character generatlion and control  Present umit prices for CRT
alphemeric terminals are about $2000

CRTs are bulky, heavy, and require high-voltage power supplies
Therefore, numerous attemprts have been made To replace them with opfo-
elactronic devices (114, 115) Table 8 compares recent non~CRT
display technoloales (116} Promising solid-state techniques are
electroluminescent panels, light-emt+ing diodes (LEDY, and ferro-
electric ceramics (117) Other devices are ges-filled, such as the
plasma display panel (118), or liquid-crystals (119)  However, until
CRTs can be displaced as the preferred technology in television, there
15 1itfle likelrhood of such devices taking over 1n other than
alphameric applications, where TV provides the mass market base
essential for Reeping costs down (120)  Furthermore, display devices
which have graphics capability allow for a much more natural man-
machine 1nterface, and the vast array of CRTs available provide the

display destgner with great cholce and flexibi ity

Table 8
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Conparison of Racent Electronic Dlsplay Bavices
(adapted from Reference

116)

Display Technology

Advantages

Disadvantages

Solld-State
Fiber ocptics

Powderad Phosphor

Light~eml ++in
diordas (LED)

Light~emltting thin
filmg (LEF)

Liguld
Llsuld crystals

Basecus
N yn

Cold Cathode
axample  Burroughs
"Nixle"

Gas discharge

examples  plasma
display, Burroughs
Sl f~Scan"

High contrast ratlec

Low voltage requlirements

No parallax problems
Fast display speed
Thin package

Low cost

No catastrophie failura

No parallax problems
Fast dispfay speed
Thia package size

Low voltage requlremonts

Indeflnlte 1lfe

No catastrophie fallure

AdJustable brightness
High contrast ratle
No parallax problems
Fast display spead
Thin package siza

High temparature and humldity

spacificotions
Comp lataly dead front
Low ¢ost  §1 50/diglt
100,000 hour Iifa
No catastrophlic fallure

Color varsatitity
Thin package
WNo catastrophic fallure

Simple logie
Widely used
Production economies

No parallax problems
No catastrophic fallure

Comp lax legle
Cotastrophlc fallure

Requlras 250V, 1 KHz power supply

Soverq temperature and humldlty
limits

Poor contrast

Comp lax logle

> 1000 hr ife typical

High cost

Complox legie

Segnental slze 1imlts

Nagative temperaturs coafflelant
Savare halation

Requlres 150V, 1 Hz powor supply
Complex logle

Savara temperature limfts

Dependent on ambient |Ight for
brightnass

Slow display spead

Sign!#fcant halation

Poor contrast

Severe parallax problems
Radio frequency lnterference
Catastrophle fallure

Hlgh cost

Comp lax legle

260V power roquirement

Slow display speed

Temperaturs and humidlity limits
Narrow viawlng angle
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Some terminal systems also provide for interaction through manipu-
lative devices, in addition to the usual typewriter keyboard Sutherland
(121} gives a good review of the state—of-the-art of thess devices

Tektronix has interactive graphic units available for from $8000
to $9000 Optical joystick control is available for the T4002 terminal
Parallex-free crosshair curseor pesitions are continually monitored, so
that the overator may use them Yo iIndicate locations to be acted upon
by a remote computer (122)

Bendix has destgned a joystick contrelled interactive terminal
specifically for use with an IBM 1130 computer, which has enabled them
to provide plug~in hardware and a FORTRAN software package for enly
$8500 This system has plotter/CRT compatibility so that plotter pro-
grams can be displayed on demand, and vice varsa (123}

Spatial Data Systems Datacolor systems use a black and white
TV camera and video recorder or film scenner to generate a standard TV
signal, whose gray shades are analyzed by a dlgital processor Then, a
different color 1s assigned to each of up to 10 categories of gray
shades, and a color TV signal generated and dispiayed on a color menitor
These systems can be used for qualitative or quantitative analysis of
aerfal photos, x~rays, and other graphic Intelligence without elaborate
photographic processing (124)

Computer Image Corporation has developed Scanimate and Animac, in
which speclal purpose computers are directly linked to sophisticated CRT
displays to provide very versatile animetion for film and TV production
(125,126}  Scaniirate converts artwork i1nto a movina image, which then
Is filred or videotaped Animac, a more advanced device, generates :Ti

own irmages Internally, and each image can have up to +hirty different
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segments which can be manipulated with six degrees of freedom  Animac
also can generate cartoons and move them on the screen in response to
+the muscular motions of a person weartng a harness  Thus, a cartoon
character can be made to move 11s mouth 1n coordination with a speaker,
to provide lip synchronization 1n any language This extremaly sophis—
ttcated device 1s probably the closest we have come to providing the
simulated world envisloned by science-fiction writers Alseo, 1T 1s
claimed that these devices can save more than half the cost of manually
produced animation, for exampls, one minute of animation can be pro-
duced for between $2500 and $3500

There has been a see-saw battle between the advocates of simple
Yerminals linked to sophisticated computers by communications [Tnes, and
sophisticated terminais which sither "stand-alone" (Scanimate and Animac,
for example), or only communicate with a remote system when their compu-
tational capabilitles prove Tnadeguate The present trend is to build
more capability Into ferminals, so as to f;ee up the central computer fo
handle a greater number of terminals However, i+ Is qulte possible
+that as more competition causes communications to drop In cost, the
pendulum will swing back towards very low-cost simple ferminals
Communications satellites and CATV utilization could certalnly speed
such a swing The trade-offs between communications-oriented and
stand-alone terminals should become more apparent as new computer-

communications services become more widely avaflables
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4 ELECTPOMIC VERSUS PHYSICAL DISTPIBUTION OF EDUCATIOMAL MATFRIALS other than face-to-face contact among small grouos of tndividuals

4 1 INTRODUCTION entai led the writing and physical delivery of messages However, oncs

This chapter surveys emerging technologies for physical and elec- telephonic comuntcations became sstablished, the reed for the physical

transport of messages was subject to severe competition Telegraphy
tronic distributien of infermation The emphasis throughout 15 upon

1s an intermediate case, which requlres elther physical delivery of
» selective dissemination, rather than the mess dissemination charac-

the messags to its Intended recipients after electro transmission
teristic of broadcast services It starts with an analysis of fwe d P nie Transm '
or uses ‘the telephone system for This last phase
historic rivals for indivlidualized information 1nterchange, postal

Figures 8 -10 illustrate the history of tal (127) and
and telephone services, and then discusses mass broadcast services g Y postal service an

te lephone common~carrier operations (128) over the last th decade
and the potential of electronic distribution of educational materials P P © e les ree ades
in +he United $tates Figure 8 shows annuzl marl volums versus tele-
by satellite
T
Then, facsimile, a system for the electronic transmission of phone calls originated By the end of the 1930's, calls placed exceeded

Information already i1n graphic form, Ts discussed This is followed rtems mailed, and since then calis have been growing exponentially,

by a description of new micromaging systems which are expected to while mall volume has qrown |Tnearly In 1966, annual calls completed

reduce the cost of physical distribution of printed information exceeded 140 blilion, which was about twice the 1966 mall volume

The discussion then shifts to nonprint communication, as exempli- Recently, telephone calls have grown at a compound rate of about 6%

I
f1ed by the visual extension of the telephone system, Picturephane, a year, while the number of telephones installed has been increasing

1 -
and a potential rival, cable television Thenr, new physical distribu- at about 5% a year This dlfference may be attributable--at least In

~—to t
+lon media for audiovisual materials--cassette and disc storage of part-—to the ability of the telephone subscriber fo have ever greater

access to other subscribers without any fncrease in cost Also, some
television programs--are described

Offi
The chapter ends with an evaluation of these varfous forms of of this traffic may have been galned at the expense of the Post ce

10 sh + he U P
information dissemination, and their place 1n the future of education Figure shows annual revenue and expendttures for the U S Post

42 TECHNOLOGICAL DISPLACEMENT  COMMUNICATION VERSUS TRANSPORTATION Office and U S telephone common carriers Operating ravenugs of fthe

The extent to which telecommunications has displaced the physical telephone carriers have increased exponentially over the three decades,

transport and delivery of messages In our society 1s much greater than but although carrier operating oxpenses and faxes have also grown

general ly reallzed MWhen the Unlted States first became a natlon, no exponentially, this rate of growth is conslderably less This Is a

form of electronic communicatlon was avallable, so that all communication particutarly advantageous situation for the telephone common carrlers,

as 1T Implies increasingly profitable business
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421 Postal Services

Durtng the sixfties, while telephone calls were increasing at a com-
pound annual rate of 6%, the growth of mail volume has averaged about
3% a year And whereas Post Office revenues and expenditures were in
balance during the early forties, an increasing deficit has been 17s
plight ever since This has led the Federal government tfo re-ex;mtne
historical subsidies for certain types of ma:{ (129}, culminating in
the Postal Reorganization Act of 1970, which will turm the Post Offnée
into a quasi-public corporation in mid-1971  The newly designated
UnTted States Postal Service will attempt to reduce the deficit, and
eventual ly each service will have tc pay 115 own way (130) R

The Postal Service will be run by an 11-man Board of Governors, who
will have autonomy in meking day-by-day decisions  Fundamental polqu
will still be determined by Congress, but ratemaking will be the prercg-
ative of a S-member Postyl Rate Commission A Postal Advisory Counclt!,
wiTth four members representing major matl users, four postal laber
unions, and three the public at large will consult with the Governors

Daspite these changes, there Is lLittle likelihood of vastly im-
proved postal service as long as messages of widely varyina ferm and
content must be physically deliverad to a recipient ‘A*cqmparlson with
the telephone system shows what the postal corporation is up aqa|?§i5
the only profitable class of mei! 1s first class ¥ Letter mall wn!!l_
cost 8¢ with the Inauguration of the Postal Service, and +§ey giileeﬁfer
a priority mail service with a sliding cost sca}e Pr}or|+y maiL.wtll‘
¥Parts of other clzsses also have been profitahle In the past, such as
second-class controlled-c)reulation pubiications, third-class single-

piece and bulk-rate mall, fourth-class zone-rated and catalog mail,
and various government and special services (130}
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get The most expedifious handiirg, with local same~day delivery a
major farget However, a2 local telephone call shill only costs 10¢,
and long-distance rates at of-peak times are less than $1 fo any part
of the country This may be a much better bargain for the customer,
because the centents of an entire letter, and furthermors an immediate
response To ‘T, can be comrunicated 1o a couple of minutes  Only 1f a
hard-copy of these messages 15 desired 15 physical delivery necessary,
and within certain legal constraints, the same goal may be achleved
with lew-cost cassette tepe reco-ders attached to customer telephonss

Certainly, however, the Postal Service has a unigue function to
perform where physical delivery of vast quantities of messages +to
individuais over great distances 1s necessary Unti| satel(ifes for
telephonic communicaticns become availzble, sending a letter should
continue o be an order of magnitude cheasper than msking a phone call
over jong distances Howaver, cormunication satellite costs are
essentlally 1ndependent of distance, and common-carrier foll tariffs
will have to reflect this Then even long-distance maillng may become
of gquestionzble value for meny classes of material

Hewever, there is no 1nherent reason why the Postal Service cannot
Take advantege of electronic fransmission for mail service Electronic
messages which are ¥0 be received as hard copies are essentially of two
types--those which are composed by means of keyboarding operations, and
those which already exist in written form and/or may contain graphic
Informatlon  The former cen be fransmitied by telegrephy techniques,
and the latter by ¥acsimiie Both of these telecommunication systems
have not enjoyed much success recently, but they are expescied to take on

new vitality under new ‘technological and marketing conditions (131
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For example, electronic mail could be a service which works 1n
conjunction with cable felevision Gross (132) claims that an elec-
tronic "fransaction-mai [ system can be provided at 10 cents per letter,
if 2 telegraphy type of service 1s used, that is, stere-and-forward
Transmission of alphanumeric messages Transaction mail, which Inciudes
bills, purchezse orders, propesals and the Itke, comprises 40% of the
total volume of maii, so that 2 large portion of the phv5|ca!.d;livery
demands on the Postal Service could be allevlated by an electrenic
transaction mail systsm

I+ 15 Important to note that the new Postal Service intends +o put
all sarvices on 2 pay~their-own-way bas:s, but non-profit rates cannot
be raised above thelr directly atiributable costs cver a 10-year
period--unless Congress falls to appropriate an annual substdy for them
{133} 1o any cese, there Ts a sfrong possibi lity that advantageous
rates for educational materials wi{l be eliminated aventually, and 1+
Is not foo soon for educators to look for alternatives to physical
distribufion  This chapter is Intended to provide sems knowledge of
these alternativas
4 2 2 Telephone Services

At the present time, a sharp demarcation exis¥s between those
electronic communication systems which are Intended for individualized
use, and those designed for mass dissemination  The former s exempli-
fied by the vast switched telephone network This is used targely for
person-to-person communication, and to some degree for person-to-machine

communication using keyboard input and voice-answerback (134) However,

speclal arrangements must be made for simultaneous communication among
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morg than fwo telephone sets  Such arrangements are necessary for
teleconferencing (135-138) and telefecture (139-146) hook-ups, and unti|
racently, have required the services of a conference cperator However,
an organization called Telesessions 15 now offering small groups of
people the ability to hold a teleconference using equipment they have
"had developed (147)  As will be seen 1n Section 4 5 1, the diversity
of services available over the switched telephone network will be
greatly i1ncreased with the advent of Bell's videotelephene service
P!CTUREPHONé:%148)
4 2 3 Broadcast Services

At the other extreme from these spectalized services are broadcast
radio and television, designed to reach the greatest number of people
at the lowest cost The only way broadcasters usually measure thelr
audienca's interest and participation 1s by using rating services,
which atfach monitoring deviges to a small but supposediy representative
sample of homes  Such devices generally show only when the set is
turned on, and what channel I+ 1s tuned to This Is an extreraly
superficial way to measure complex human behavior (149) As described

in Saction 4 5 2, +the rapid develooment of cable television (CATV) s

axpected Yo 1ncrease both the number of channels availlable In a comwunity,

and the Interaction possibilities of televislon This should chenge
television from a pursly mass medium to one with considerable individu-
alization (150)

This bridging of the communications gep between individualized and
mass service 1§ expected to accelerate with the advent of communication

sate!lites Messages can be relayed, stored, and individually addressed
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for local, regional, national, and international communication The
word audience will become 1nappropriate for such services, as 1+
titerally means “[istener”, and implies a passtve role, rather than
active partictpation

Initial communication satellite applications are expected to follow
established patterns of person-to-person voice communications and mass-
audience broadcasting Also, 1+ should not be surprising that these uses
will be supplemental to and under the control of existing communications
organizations

However, many educational needs which are not being adeauately met
by existing systems can be arded by communications facilities, such as

1 Teacher +ralning (136, 143, 144}

2 Interinstitutional communication (142, 151, 152)

3 Community-school communication {153}

4 Paople—to-people communication (137, 147, 154-156)

Many of these types of communication require two-way or even
muttiway hookups=-~but they seldom require complete symmetry of facilitles
And they don't fit either present extreme of person-to~person telephony
or mass broadcasting The communlcation satellite shouid not be regarded
as threatening existing telephone and broadcast systems, but as providing
a new capability whose place In the communications mix [s yet to be
determlined
4 2 4 Electronic Materials Disfributlion

Ancother type of service which Is parficularly Important for
education 15 the provision of supplementary materials for Instruction

and reference Most common are fextbooks, reference books, workbooks,
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and fests--print materials, tn library parlance, and various forms
of audio-visual ards—nonprint materials

Most of These materials are obtainable 1n only one way at present--
by physically fransporting a copy and reproducing t1 locally, or by
transporting multiple copies to various locations These materials are
usual by purchased directly by school systems or cooperative regional
educational processing centers Much paperwork and a2 long lead time 15
required before the maferials can be ut!lized i1n the classroom--some—
times as long as @ school ferm Even more serious 15 the rapid
obsolescence of many of these materials On the other hand, 1f materials
are borrowed or rented, we are also faced with long lead times, and--
because the materials must be returned--even more elaborste reccrd-
keeping

For example, motion pictures are usually borrowed rather than
bought, because sach half-hour 16-rm cclor sound print costs several
hundred dollars to acquire fn 1964, the New York State Education
Department reported that films were cut of circulation for two weeks
for sach actual "Lse"--and that 58% of feachers responding to a survey
could not depend on the fiim arriving in time to fi1t 1n with therr
lessen plans (157)  Certainly, this type of service can discourage
even the most avid film user

Howaver, with ‘the advent of educational felevision networks and
videotape recorders, 1+ has become technically feasible fo send an
"electronic copy" to those locations desiring i1t, instead of mailing
or frucking 1t Furthermore, although ETV networks usually air their
progrars on a scheduled basts, they have the potentlial to provide

materials on a request basis--"on demand!
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An extensive proposal emphasizing electronic felm distribution was
developed by the North Circle Production Center Project in 8%t Louis
County This concept was dubbed "television Is a truck" by Paul
Andereck, Director of Audiovisual Education of ‘the Cooperating School
Districts of the S5+, Louls Suburban Area (158~160)  Educational
materials~-particularly films and videotapes—would be transmitted via
microwave or cable from an audiovisual center on high ground 1n the
middle of St Louis County to a number of "production circles™  Each
production ¢ircle would store recelved material on videotape recorders,
and hold 1t until requested by school districts or teachers within the
"errcle® At that time, or during +he preceding night, they would be
retransmitted fo videofape recorders in sach school However, as of this
+ime, the North Circle Project has not been Implemented

A less versatile type of electronfc distribution 1s in use in a
number of scheols and colleges, called "dlal-access Information retriev~
al systems" (DAIRS) (161-164) DAIRS make a number of audio, and in
some cases video (165), channels availabie simultanecusly  Students
and teachers use a simple telephone dial {or TOUCH—TONER buttons) to
obtain programs of their choice which are transmitted by private wire
+o 1ndividual headsets, or via the switched felephone network o regular
telephone sets  Properly set up, DAIRS can provide effective, economi-
cal audio information service (166} However, most DAIRS have not been
used extensively for demand access to a large body of materials
lnstead, they make a limjted selection of currfculum-related audic
programs avallable on-demand for a limited pericd

To extend demand access, elaborate Information retrieval systems

(88), and a larger number of audio-video channels neEd fo be providad



-

Viable solutions to the i1nformation retrieval problem will entar | much
greater cooperation with larae materials depositories, and electronic
computers may be required to handle the involved searching, switehing,
and bookkeeping required (167)

For the electronic distribution of printed materials, some form
of facsimile Transrussion may be used In the past, facsimile has been
found to be Too costly a2s a reolacement for physical transport and
delivery, as shown 1n & number of telefacsiml le experiments to replace
interlibrary lozn service (168-172) However, as cemmunication satel l1tes
becore aval lzble, one of the most costly elements in present facsimtle
fransmi ssion-~comron carrier lines--1s replaced by broadband communi-
catlon tinks, and facstmile may become an alfractive alternative to
physical distribution for many types of printed educational materials
4 3 FACSIMILE SYSTEMS

Facsimile provides a permanent recording or “facsimile™ of an
original on peper or a reproducible medium {e g , printing master) at
a remote location Facsimile transmission techniques have bean
avaliable for over half a century (173}, and they stem from the same
\nventive fount as felevision (174) Both facsimiie and Yelevision
Invoive dissecting a tio-dimensional spatial image, usually by scan~
ning, 1nfo a one~dimensional time-varying signal for transmission
At the receiving end, the image 1s reconstltuted through an Inverse
process Television fs usually used in transmitting Images of the real
world, whereas facsimile 1s usually used To transmit printed documents

Where rapid delivery of a newly written verbal message 1s required,

telegraph and telephone are preferred, [t 18 only when 1+ comes to
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rapidly Transmitting araphic materials that facsimile offers a unique
service Thus, the biggest present user groups of facsimile are news-
papers which obtain photographs over phone lines via "Wirephoto" service,
and such government organizations as the Defense Department and the
Weather Bureau (175}

Table 9 summarizes a wide variety of facsim le-type systems (176)
Scanning of the original document or rmage may be accomplished optically,
by means of a cathode-ray tube (flying-spot scanner or image dissector),
by electron-beam, or even by laser beam (177) At receiving points, the
1mage may be reconstituted on paper or fiim by pressure, heat, electro~
static,slectroylytic, or phofographic means, or possibly on storage -
cathode-ray tubes Transmission may be over a telephone line, [f one
page ln six minutes 18 sufficfently rapid, or in a fraction of a
second using wideband communications systems

One of the puzzles of communications technelogy 1s why facsimile
has never fulfilled one of :ts brightest promisas, the "newspaper in
the homa"  Finch Telecommunications, Inc and Radio inventions, Inc
marketed home facsimlie sets using the FM broadcasting band Tn the late
1940%'s (see Flgure 11} (173} In 1967, RCA announced--but declded not
+o market--a "Homefax" system which "hitchhiked" on regular TV programs
by making use of unused tines 1n the vertical blanking Interval (178}

) However, the viability of this concept 1s apparent tn Toshiba's
newly marketed home fecsimile recelver, using a nearly 1dentical
4rade name—-Home Fax This receiver will delivar a 13 x 18-inch
newspaper page of 200-line-per~Inch resolution 1n 5-2/3 minutes over

a 240-MHz wide channel sltuated just below URF channel 14  Toshiba
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Table ¢ Comparison of Scarned-imaga Transmission Systems

Tronsmission Spead Using

nth ly
Types of originals Transmi tter Resotutlon Scan rate lines/ 1 voice grode Seliina/T

which may be sensing/scanning scan lines min (unless iine {sw_ phons  Broadband Racerver Prica le28inC
g scanning/printing Receiving
APPLICATION/MARGET transmitted system por Inch  otherwise noted) natwork)? facliiiies system matarial é:;:ﬁf:;vﬁgf;g;ess
eorss T TECNOLOCIES B
Cirice Corrunications 1 120 6 8 min/pane
",
Alden DocuFAX 11 £24"wide, any length flathed 96 240 3 4 minfpace £9950 or $150/mo
C-ashic Sciences, Dox | drum 88 aloctrosensiHve 52000 or $75/ro
Grephie Transmissions,Bandcom fiathed 96 430 rpm 2 3 minfpage paper o
In*'1 Scama*ron with Pacfax modem flatbed 96 { s 7 min/page slectrolytic paper s100/mo  °
180 6 min/page
Litcom, Massagefax drum 100 {300 3 min/page $75/m0
¥ulrhead, Mufax drum $3500 »¥ntr/3200 rovr
[ 142 6 7 min/paae
Shinotron, QIX 503 89 1216 & 5 min/paae $175%9 or $65/mo
99 to {09/mo
96 120 4 5 minfpage §
Stevar~g-farner, Datatax ( $3000 or 124/mo xmtr
* a0 1 mln:paua 33800 or 115/M0 rove
100 150 6 min/pogo
Toleautegreph 85 3060 3 min/page
Telecoplor m? £Bf x 14" drum 90 6 min/page prassure stylus carbon paper sot $2500 or $55/ma
Xerox whitacoatad £50/)
60 4 min/page scriber ma
200 Tolecopler 48t x 11" drum 90 6 min/page . - on o:;i:r:ai:;er s $050 /mo ¥mer 10
0 57 min/page CRT/selanlum drum -— 550/ro  revr
LOX ©4" wide, any length  FSS {}33 11 mm,p';gg or offset master rotls
- (autematic cutter) $4350 or 1§5/m0 \mir
Periodicals {100 60 mm 7900 or 350/mo revr
“w.iirread 10 x 10" photo {150 120 rpm §85/mo Xmtr ;151./::,
A <
Liteom, Phototax 8 x 8" photo 200 50 6 minprlnt colar 11 impacks $550/palr/mo
Litcom, Colorfax Polaroid color orints 200 5-2/3 m‘nlpagn’ R
Toshibe Homs Fax AT=3 13" wids x 18" long newspapor - - 2 sue to . -
hoto d —
¥irephota pre rom {T500™ 2 minfphote®  mintature tanp photographic paper -
Weather f tathod 96 120 4 4 min/page alectrolytic paper  $9350 or $975/ma
Alaen AlpurFAX 250" wide, any length otbe {240 2 2 min/page v
4 lline/sec
T » 3-1/3 min/plcture
camara £200 up
TB;::;::‘:: anything which may be 1«\;99 ?L?sector, 525 |lnes In 1/30 sec cathada=ray tube maal tor: 3200~ up
F8s, vidicon
imaged by 2 lons . 1 |, 30 sec to 2 paues/r;nln te cattode=ray tWbe .y 4o sav Smiition
Ampex Videofi le gvx14” pages, fan—foid TV camera 1280 TV Iines In 5,15 sec 15 pages/sac pur systom
paper, 16= or 33-mm
migroflim
FUTURS TECHNCLOGIES + elactron beam microflim
S Teairancbezm recording F55 56!.':; spot 100 M bits/sec
Kadok (atso €8S, M)
laser beam photographlc film
Laser scan recording modulated taser ;gaﬂgzem/ 100 scans/sec
tESS Lads, lrsge Systems, Inc ) beam Line
L] hotographic flim
Holegraphy meltibean laser 10°-10° blts tesor photograp
—
5
Yie6 Ips avarl by using rarual switch In *his column all pages are assumed to be 8% x 11" 8 sutput wide, 9 Pacfax bandw dth compresson
g 6 any lengrh modem $25/mo
Znagaavcx Magnatax uni* is the orialny| {sare 35 Tetecopler 1) 2 pagas/minute, Ser ies BO0O ,to 15 pages/second on 7 6 Mz cable N
3 Sories 8000, 49 Wiz Tyap KHz bandwidtn over 469 1 Miz UHF carrier automatlc document feedar

{opttonal, 340/mo }
4 Sertes 8000, 43 NH. or five tirmes faster over Series 5700 Z O KHz
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Intends to sell these receivers for as little as $300 1¥ the market
allows mass production techniques to be used (179)

Such a development Could have great utiltty 1n educatton,
particulariy tf a duplicating maester can be produced directiy in
the receiver, as described in Section 4 3 2 Facsimile fransmitters
would only be needed fn relatively few informetion-originating
centers, which would prepare various materials for transmisston
Basides the "newspaper of the air" potentlal, a 13 x 18~inch area
at a 200~ftne-per—inch resclution could be used for a varlety of
other printed materials, such as maps, charts, and multipage docu-
ments  Four book-sized pages could be +ransmitted together and
folded 1nto a booklet for distribution, without collating, cutting,
or stapling, as shown In Flgure 12

Undoubtedly, the lack of a mass market has held back the growth
of facsimile, as wel!ll as the lack of a beneficral time-cost trade-
off to most potential cusfomers Unless there 1s great urgency to
deliver a hard-copy message, i+ is hard fo compete with a physlcal
delivery system, particularly with messages of article and book
length
4 31 Using Facsimile in Education

For educational use, printed matertals may be divided into
two categories instructional materlals and refersnce materials
Printed instructional materlals overlap transparency/slide media
+o a certaln extent, but provide a basically diffarent aducational

experience Such materials can be written upon with pen or pencil,
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and used as low-cost student interaction media, such as workbooks
and tests

On the other hand, reference mater:als, such as fables, graphs,

charts, and lists, are supplementary to Instruction, and may be made

avai lable to students in a form for occasional, but convenlent refer-
ral Reference material has great potentlai for individualized 1n-
depth exploration of a subject, and i1s the area which has drawn the
I 17 greatest 1nterest and activity from professional groups Intarested
in mechanized (nformation retrieval

However, I1f printed educational materials are fo be fransmitted
by facsimile, costs must come down Currently, a public facsimile

service, FAXMAIL, charges from $2 75 to $3 75 plus a 6-minute tele-
first fnild

phone charge to send cne 9 x 14-Inch page of information (180}
Costs should come down as transmission speed Is Increased, and when
[ower cosT terminal equipment becomes avallable

Many companfes are actively engaged In developing lower cost

second fold

23 facsimile devices employing bandwidth compression to speed up Image
transmission from 2 to 5 times  Also, AT&T is now under competitive
pressure from new common-carrier appllcants, such as MCl (Microwave

Communica+tions, tnc ¥ (181}, and Datran (Data Transmission Company,

a subsidiary of University Computing Company) (182}, fo offer better
tariffs for nonvolce services
Figure 12 imposition for Facsimile Bookiet Transmlssion
For educational materials distribution, transceivers are
not necessary, and a one-way facsimile system should sufflce

Commun’cations satellites could provide broadcast facsimile services,

and eventually educational matertals centers could make available
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materials 1n facsimile-compatible form for on-demand satellite
transmission  Any school system or communldy center with equipment
capable of receiving and processing these signals could regenerate
a copy of i1fems of Tnferest, or make masters for running off their
own copies Two variants of one-way facsimiie systems are partic-
ularly promising for this type of service microfacsimile and
facsimila~based duplicating

4 32 Mcrofacsimiie and Facsimi fe-Based Ouplicating

At both sending and receiving ends, microfiim 1mages have advan-
tages over paper as a facsimile medium {183 A transparent medlium
nrovides a much better signal-to-noise ratlo, and the smaller Images
can be scanned faster Also, because microfilm (s a confinuous medium,
1T can be moved at much higher speeds than Individual sheets of paper
In 1948, RCA expesrimentally transmitted a microfiimed book at 480
pages per minute over thelr Ul+rafax system, using a2 bandwidth of
from 3 to 5 MHz (184)

I equipment sultable for receiving and utillzing microimages
were avallable 1n schools and community centers, a pure microimage
syster (185) would be an excel lent choice for facsimile recording
However, +he current stage of the micrommage art does not lend 1tself
to easy individual student use, which is particularly important for
instructional materials, such as workbooks and test This situation
15 changing rapidly, and microimaging 1s expected to play a much
larger role 1n the future (see Secticn 4 4 2)

An alternative system of more 1mmediate avablability Is fo have

sending centers store zl! materials (n fransparent microimage form, but
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at receiving peints employ a scanning mastermeker  Scer~.~g stencil=~
cutters are made by duplicator concerns, such as Roneo a~d Gestetrer
Original and stenci| master are placed side-by-side cn crims, whose
scaaning heads move 1n tandem fo minlmize synchronizatio~ grcblems
{186) There 1s no inherent technical reason why scanri~g gnd
recerding functrons cannot be separated physically, and *he process
adapted to long-distance communtcations  Roneo manu-zc*irad a few Such
unlts fifteen years ago 1ea thelr hore country, England, however, they
cost nearly $12,000 each, and transmlssion required six —alsphone |lines

Once made, electronicaliy produced stenctis can be run on that
most common of school reproduction equipment, the rurmecaraph machine
Atternatively, masters for ditto and multilith cou'd ba creoared, or
tn certain specialtzed cases, single coples made directly using electro-
static copler technology

For instructional materials of a motivating kind, color duplication
may be important, particularly tn the lower grades The Roneo organi-
zation 15 now merketing an electronic stenci! cutter with a color head
for $1575 |+ produces 3~ or 4-color separation stencrls for duplica-
+1on on the Roneo 865 Stencl! Printer, in which stenc:i-holding drums
¢an be changad 1n 25 seconds
4 3 3 Facsimlle Design Goals

The state-of-the-art of commercial-grade facsimile transmission (96
Iines per inch) over the switched felephone network is such that 11 takes
as long as 6 minutes fo transmit an 8-1/2 x i1-inch page Using dedi-
cated and conditioned telephone |ines, this can be brought down to about

2 to 3 minutes, and to t minute with bandwidth compression  Bigifal
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facsimile 15 alsc a possibility, 1ts advantages and disadvantaaes have
been analyzed by Werni koff (187

in satellite communications, there 15 no inherent reason to confine
facsimile fechnology within telephone bandwidths  Therefore, a design
geal for educational facsimile via safellite might be to fransmit a
typewritten page In one second at & user cos* of 25 cents, which 15 about
cne~tenth of current costs At the de-facto facsimile standard of G6
Iines per inch, the bandwidth needed for such fTransmission capability
would be only 3-1/2 MHz, which 15 comparable to low-quality television

A microf Im-to-m:crofilm system with 100-line-per-mm resolufion
should be able to fransmit one typewritten page 1n 1/3 of a second at a
user cost of 5 cents This would require the full television bandwidth
of 6 MHz

A critical difference between facsimile transmission of a micro=
image document page, and a sti1] picture for audiovisual use Is resclu-
Tion In television systems, an over-all resoiution greater than 1000
TV lines 15 necessary to transmit an 8-1/2 x 11~inch page which contains
8-point typs, a size commonly used 1n magszine printing The television
raster contains only 500 lines, and the equivalent horizontal resolution
15 usually considerably less  Thus, the bandwidth required to transmit
an entire document page at TV's 30-frame-per-second rate is at lesast
3 to 4 times as great as a television program requires However, this
may be compensated for by slowing down the fransmission rate--if we
could utilize the resulting higher-resolution signal at the recelving
end

Again, microfacsimile is an attractive recording possibility,

hecause 11T could be made compatible with audiovisual requirements
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Thus, much of the equipment necessary fo store and process images for
stitl-preture tetevision and for facsimiie would not have to be
duplicated

4 4 MICROIMAGING SYSTEMS

A microfiche s a sheet of transparent material upom which an
array of miniaturrzed imagss, usually of document or book pages, has
been reproduced The process of making the original microfiche 1nvolves
specialized photographic equipment, such as stap-and-repeat cameras and
high resclution silver-halide 1 !m However, once a satisfactory
original s available, copies may be made cheaply and simply by contact
printing on diazo, siltver, or thermal copy fIims

NASA and the AEC were among the earliest Federal government
agencies 1o use microfiche for the dissemination of technical reporis,
although they have long been popular in Europe as a medium for oyt-of-
print books and other scholarly materlals

The original NASA format placed 60 images on a 5 x B-Inch micro~
fiche, while the AEC used a 3 x 5-inch format However, the govermment's
Committee on Scientific and Technical Information (COSATI) standardi zed
on a 4 x 6~inch microfiche for the dissemination of technical reports
(188)  As shown In Flgure 13, from 60 fo 72 tmages of 8-1/2 x 11=Inch
pages can be arrayed on each fiche at an 18 to 20X reduction Also,
the 4 x 6-inch size s compatible with the international standard of 105
x 148 75 mm, but the 5 x &-inch format does not have a corresponding
internaticnal standard

The Natlonal Microfilm Association (NMA) Tn +heir Standard Spacl f1-

cation M-1-1967 (189) recognizes three sizes of fliche, and +wo different
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grid patfarns {see Figure i3} However, there 1s nothing satd about the
reduction ratios to be employed--the rmportant thing 1s the relation of
the image dimensions o the opfical system of the reader~ The reduc-

tTion 18 varied to fit different original sized pages 1nto the fixed grid

It might seem reasonable that when the U S govarnment sets
up a standard, manufacturers would foflow along But i1n a rapidly
changing technology~-which microforms certatnly are-~i* 15 extremely
difficult and perhaps undesirable to freeze current practice into a
standard which might substantial ly underrate the future capabi!lities of
the medium {(see Table 1) For 1nstance, many fiche users have found
1t desirable to pack up to 98 pages Tnto the same 4 x 6~inch area for
disseminating catalog pages, parts Iists, etc {ses Figurs 13) However,
This m2y require reductions up to 24X, and most mlcrofiche readers
cannot handle a range of enlargement from 18X to 24X satisfactorily
with a single lens and fixed screen size
4 41 UMF  Ultramlcrofiche

The idea of using ex+remﬁ_reduc+10n ratios--several hundred to
one--has long Infrigued mcroimaging workers A visionary proposal
aleng these lines was made by Hays In his "A Billlon Books for Education
in America and the World" (190)

Hays proposed using a 200X reduction to place 2000 pages on a 4 %
6-inch frche Then, a mIilon-volume library of 200 mifllon pages
could be contained In 100,000 fiche, and stored and shipped Tn a 4-
by 6- by 2-foot cabinet A copy of any fiche could be produced for as
fittle as §t, 1f copyrighT laws permitted, for a user cost of only

0 04¢ per page
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TABLE 10 CUFRENT & PROJECTED MICROFICHE RAD P SYsTEwS, AHD A CONPARISON WITH EVR © H Ohiman, 157
611 11an NCR Wcrotech Press et -
COSATI Bocks Microtbook Ed'n Prod's Wi croaparturo LRI Ultrastrip cBs
M crotiche {Proposal) (Propasal) TiK Ultrafiche {pregosald Mlerobaok {prototyps} EK Ultremterateps EvR
(196473 (1967) 156872 {19681 £1970} {1970} 09 {1975 fpeototypat | (propossl) £1570)
imagr oy Technol ogy siiver haiide, — - FOHE Peul s fver hallde sllver hallda siiver nalide  Phofomresist EBR cn £8R on
diazn ~ sliver hallda sliver halldo
Resafutica, }ines/mm 125 ~ 250 — - 1000 1062 500-800{ roloase coples) - - 2,000lorfginany . 00
Licea- Baductien rongs 13 ~ 20X 2004 42x 159% 100~ 150X _ 99% 150 - 230K oo 107 - sx1e™x 80 - 1asx
{420% typical) ﬁgg typical)
bra1ginal Yaterial tech repts packaged backs eng prod tlbrary books {ibrary documants encyclopedis®  packnged T¥ pragrams
[braries Info solivetion col Isction X ilbraries
Page Micensions 8 x 11* 6 x 9" 6 x 9" vartabie 6 x 9" Bf x 11" 6 x 87 e x 1" Bt x HI” — —_
Total Pages gar lten up to sav 100 av 350 av 350 — av 350 up to A av 330 - - 80 - 2 prograns
(op 20 1000 (up to 1000 {up to 10001 fup 1o 1600 (black & white}
Total %o of biems 108 506 - - 35 x 103 books - Z10%alst1 2addtities) - 24 vols 1€ -
Tote! Pacas 108 - 100 102 - £ % 105 106 - 6 % 106 10° en lina ~20 090 108 -
Di4semann*ios T iore o fiche WIF tiche LMF WP microapariure EF WHirasirip (6 plate - Cartridges
™ o, _§ - neaative — -— — pesitive — positiva of 3%m £1(n) - —_ pasThive
Diransions & Area 4 %624 5q In 4x0-24 5 5 B =24 4 x G4 4 x6"=24 1) x 13"=§ B sq LA 3 x 5"=15 1d4xm=34 ZIXZ=625 — 13 un x 750+t =
5x 8 n a0 sq In. sq In sq In sq In 53 In sQ 0 3000 sg in
No of Pagas per Fiche 50 - 72 2000 ~ 3000 450 3000 - 2000 up to 3500 00 vp tu_1000 2000 ~20000 - 18 x 107 framas
o ot Fages per 53 in 3 75 « 120 15 125 - 200 175 220 3 240 - 400 ~3000 - 60
Tolal Fiche per itom 1 -0 ol 1-2 - 01=015 1 1-2 —_— 1 _— -
Total Fiche 1m Sollect]on ~ 109 - 7 500 - 12000 e - - -
Otner replaced § polisctions one ‘iche usas tech dov sound, color
2% a year per thtle by Republie capabillty
Microvue
o JEsk mode| {Dukang) “Teleplayers |
e s 75 - $500 150 _ _ o R 500 —_ lap nocel (Tedhslcolord HINDEX - - 50
Resder— ~intar §2930
1in'y 39660/ yoar 521 000/col loct! e
. ‘ol loct'n mastar
Price af Service moster  cosfes  SI000MYeAr  goiiastians) - grig  replac — —
Par Freha 025 -075 075 129 020 20 10 50 EEL) 1 & 30/copy 2550 par cartridge
Per Pagz § 03-1 004 025 605 04-07 o35 035 L] 015-03
*
*10% vots projocted Long-rengs *gtandard TV sot
for entirs serles coneaption neeassary, 550 - 55C0

pnbmas e cra  COSATI  Cormilbec on Sclentiflc ead Technieal Informatfon
EBR  elcctron-beon recording
E{  Epgtman Yodak Co
EV®  Elentrenic Video Recording (€8S Inc )
Rl Labrar; Resources, Inc (Encyclepedia Brittanica, inc )
‘TS lecrofarm Dota Spstems
‘R  Hhhionaf Cash Renister
[ae}ll pho tochramie microlmaging

TIM  Techmiedl Infarmation on Higroflim, Lid
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By this means, an enti-e library of a million volumes coutd be
placed in 1000 locations at a total cost of $581 miilion, or only
$581,000 per library To distribute the same material 1n conventional
form would cost at least $30 million per library, accordina to
Hays

In 1968 or 1989, EDUCCM proposed using 2 42X reduction to place
up to 450 & x 9-inch book pages on a 4 x 6-1nch fiche This book-per-
fiche concept, dubbed "microbook™, was to empley an i1nnovative dissemina-
tion scheme  Fibraries would purchase masters for $1 25 each, and would
be allowed to make up to 12 copies iocally under a |imited copyright,

o be sold fo users for only 20¢ per copy The mlerobook concept could
lead to a new industry micropublishing (191, 192}

in this report, "ultramicrofiche" (UMF) will be differentlated from
microfiche by arbltrarily restricting the UMF deslignation to fiche using
reductions greater than 50X  Others have proposed dividing at 100X or
Z00X, but this excludes most present systems, except those based on
rhotochromic microimage (PCMI) Yechnology A better UMF criterlon 1s
the use of a two-stage reduction VWhile Tt 15 not difflcult to achieve
30 to 40X at a single step, technical probiems become severe above This,
and 1t 1s much better practice to make an original microfiche at a moder-

ate reduction (5 fo 15X), and from this make a master fiche by another
step or 10 4o 20X, to achleve an over-all reduction of from 50 to 300X

Microbook [ibraries have become a reality with the formatlon of

Library Resources Inc (LR!)} by Encyclopadia Britannica (EBY The
tnttial ovfering in the MncrobooETM Library Series 15 a 20,000~voiume

"Likrary of American Civitization Beginninas fo 1914™ (193} EB has faken

many twists and turns 1n {ts attempts to devise a suitable
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format Apparently, they began therr search with 3 x 5-inch pPCMI
However, they eventual ly awarded Image Enterprises, Inc of Los
Angeles a £4 millon contract to produce UMF and readers for LRI
They plan to employ a two-step reduction which will achiave betwean
50 and 90X, depending on the size of the original pages If a
standard book-cpening 15 the orrginal, the reductlon wiil be about
70X Only one book wil| be placed on gach 3 x 5-Tnch fiche, which
helds up +o 1000 Images {see Figure 14)

The basic price of the "Library of Amertcan Civilization" Is $21,000,
fncluding all Microbocks, five se+§ of book-form catalogs, five sets of
book-form bibliographies (dubbed BlbllogquesTM) and research guides,
and 20 sets of microfiche catalogs and Biblioguides Duplicate or
rep lacement Mrcrobook% will be supplled on request by sendlng a pre-
printed postcard +o L!gr;?y Resources, Inc

NCR's PCMI (photochromic mecroimage) ts the oldest practicable UMF
technology, and has been used In this country by Sears, Roebuck and
Ford Motor Compary for disseminating their vast parts catalogs Howover,
PCMI's first public use has been in England, where TIM (Technical
Information on Microfllm, Ltd ) offers a “mlcrofile" system for
enginearing product tnformation (194) By mld-1969, TIM clatmed to
have installed 500 such systems Each TIM 4 x &-inch UMF contains at
least 3000 pages at 150X The complete service is rented for £ 133
(about $300} por year, including a reader and ‘two microfiies ("Product
Selectors and Data", and "Suppllers Information") Bacause these

microfiles are contained on only seven UMF, they can be updated every

six months simply by repiacing all the UMF
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LRl Microbook un to 20 rows by 25 2-page columns = 1000 pp (max )
Ezch microimaged page 1s approxiratelv 2 2 » 3 5 mm gt 70X Even at the
moderate reduction of the Microbook format, a microimeged book page 1s
no bigger than one letter of the eye-readable title

. 125 mn
PRINCIPLES 8F PSYCHOLOGY w1

(" James W LAC 20001 )

e

77 5 mn

Y A MICROBOOK by Library Resources, Inc as Eneyclapacdla Brasnnics Company

w’
NCR PCMI Ultrafiche up to 35 rows x 48 Z-page columns = 3360 pp (max )
Each microimaged page i1s approximately 1 25 x 2 mm at 120X
148 75 mm
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Figure 14 Current UMF Formats
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MCR has recently decided to market PCMI Witratiche! (as they call
them) 1n this country (195) Each 4 x 6-inch ultrafiche holds fr&m 7 to
10 books, or up to 3500 pages at 120X (see Figure 14) initial offer-
ings are fo include five [ibrary collections American Civilization
{196), Literature~-Humanities, Socia! Sciences, Science and Technology,
and Government Documents  Each collection ti111 1nclude about 700 books
on 100 ultrafiche, for a price of $1200 They alsc have a "College
Bound" collection of 500 books for $550, and a "Collegs Catalog
Service" of 500 catalogs for $250

At the time that NCR was developing thelr PCM! technology in the
early 1960's, Republic Aviation Corporation was working on a two-step
si{ver-halide technolegy which was to be capable of over 200X, called
Microvue This system never was marketed successfully by Republic,
but 15 now avalleble from Microform Data Systems, Inc , Mountain View,
Californta Thetr baslc storage umit 15 a six-inch-long strip of 35-mm
microfiim, which they call Ultrastrip (197)  Each Ultrastrip can hold

2000 81 x il1-inch pages at 210X Twe types of oriqinals are propesed

N,

for input hard copy pages put onto primary microfilm via plianetary

camera, or computer-output microfilm (COM)  The primary microflim
at from 16 fo 24X from either of these sources Is further reduced
about 10X in the M/790 Ultrafiim Compositor Recorder, a numerically-
controlled device recording stroboscopically at 5,400 fremes per
hour, The Ultrafilm is processed and copies made In manual or
automatlc-stepping contact printers, the latter can produce from
300 to 600 Ultrastrips per hour

Three types of readers are avallable The MINDEX/340 s seml-

automatie, and the 370 and 380 are fully automatic, using cartridges
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holding 10 or 20 strips, respectively, and offering magnifications of
from 150 to 230X The 370 has an optional video display attachment
for use with computer data Both automatic readers use keyboards for
random access image selection, the 370 locating and displaying any ot
20,000 pages 1n less than & seconds, and the 380 any of 40,000 pages
in 3 seconds

ST111 another epproach fo the microbook is the microaperture, a
single frame of 35-mm microfiIlm holding up to 400 pages at 150X, and
mounted in a standard "Mii-D" aperiure card Advantages claimed for
this approach are easy manual handling, a untform location grid {(four
100-page quadrants), and the availability of 90% of both surfaces of the
card for human-readable Tnformation A description of ihis proposed sys-
fem has been pub(ished, and conteins a2 qreat deal of information on how
high=reduction microforms are created and used |1 is particularly
notable ror 1ts descripTion of a reader with a microaperture page
regisirator, which uses eight keys 1n combination to locate any of
the 400 1mages mechanically (198)

Even 200X [s not near the limi+ of microimaging technology For
exerple, Eas*man Kodak has develoned a process which uses & photo-
sensitive resist and high-resolution plates, whose resolving power 15
1n excess of 50,000 l1nes par i1nch (2000 iines per mm) (199)  Thay
claim that such an imaglng medium makes possible the storing of an
entira 24-volume encvcicpedia on a 2-1/2 x 2«1/2-inch plate This
would be equivalent +o a 700X reduction

H Ferfiandez-Morén has proposed a 1003-resolu?|on“uI+ramicro?ape"

system, based on techniques developed for electron microscopy (200)  This

would be a considerable step from present COM fechnology (see Section 4 4 3)
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In this system, an electron mlcrobeam probe would engrave texts on
Thin collodian f1lm et demagnificafions of from 1,000 to 5G,000% At
the fatter reduction, a 10-million-volume Fibrary could fi+ onto this
page--but the problems of locating and utillzing information at such
recording densities will be very difficult to solve

UMF does not appear to offer significant per-page savings over con-
ventional microfiche at this tire Table 1@ shows that on a per-page
basis, UMF will cost 0 35 cent a page as compared to 0 3 o 1 cent for
ordinary fiche Howaver, it should be peinted out that commercial UMF
prices are being compared with government~subsidized microfiche Even-
tually, ulframicrofiche technology will compete w(th conventronal book
and magazine publishing, conventlonal microforms, and even with conven-
ticnal visual aids However, audiovisual aids In UMF format wlll require
spatial storage technlques yet o be developed for the audlo portion

There is also the possibility thet one of the newest mediums,
although primarily sntended for audiovisual material, will enter into
competitlon with UMF for the storage and retrieval of vast amounts of
print material This Is EVR, or electronic video recording (201) (see
Section 4 6 2 2) In the last column of Table 10, the characteristics
of EVR as a reference medium are put into micrommaging ferms  On this
basis, EVR competes favorably with present UMF technology--with the
great additlonal viriue of compatibility with TY
4 4 2 Microlmaging and Television

At this fime, no one cen predict the eventual Winners n the media
battle to come However, 11+ sesms certain that there wil! be more

diversity and competitlon, rather than standardization in conjunction
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vith sore of these emerging Yechnoiogies, television may become The
sreferred viewer (nterface Tetlevision,with the addition of storage
:nd response devices, offers the potertiat of a universal digplay
vindow for all media, even Tthough 1¥s resolution wWould appear too
[imited to handie microimages

& marriage of Tv and microimading technologles 15 highly
unl1kely fo occur simply by reducing existing print medta photograph-
Icalty While This orovides economical storage, 1+ may be very Incon-
venlent fo use nstead, ¥ the goal is to provide textual materials
1n 2 corpatibie visual form—vhat ray be called "felsreading”, or
reading the printed word from a TV screen-—suitable formats and equipment
must be developed Th a umified way (202}

The time-honored book-page format was invented a few centfuries
ago as & solutlon o the problem of manual access to long scrells
howaver, in reading from 2 telev sior screen, the page 15 (rrelevant

What is required Is the abi ity to present fthe aye with a succes-
sion of words and sentences Techniques for doing this were developed
a long Time ago for motion olctures, and a2re 1n wide use n television
today They are calied "rotling titles" or, in televislon, "crawls”,
and cause words and sentences to appear ‘to move horizontally or
vertically 1n relation to the screen In additlon fo this capabiirty,
control over stze, contrast, and speed of presentation would be useful

Ancther marriage--between microimaging and computer technology-—
may provide the answer to the vast recomposition that will be required

to convert exlsting textuai matter for felereading
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443 CoM Computer-Output Microfiim

The product resulting from the conversion of digi+al data t¢ human-
readebie microfiim s called computer-output micrafiim (COM)  The Idea
1§ quite simple, but has been diffrcult 7o rncorporate 1nto a marketable
product  Computer-manipulated and generated Information, Instead of
driving a mechanlcal-fwpact printer, is made o control the movement of
an eleciron beam In furn, the tracings of the beam are recorded on
micrefiim, which 1s then conventionally daveloped, and read 1n microfiim
readers

COM units on the market use several veriations of electronic record-
ing cathode-ray tube (CRT} recording, direct electron-beam racording
(EBR), or CRT wifth fibre optics CRi-based CIM's operate {ike klne-
scoping 1n television, but record with a microfiim camera Instead of a
motion picture camera EBR systems form a latent image directly on dry-
silver microfilm as 1+ passes through an evacuated chamber, thus avoiding
an opticel interface, and CRTs with fibre-optics faceplates can use
contaci-printing techniques

A COM umit may be driven dirsct by a computer, but many users find
they can achleve better flexibliity and more effective utylization via
computer-compatible magnetic tape umits Reductions employed 1n COM
practice are usually higher than COSAT! microfiche, but do not yet reach
those found in UMF practice Usually, 24X and 42X are employed Af the
Vatter reduction, the equivalent of 208 11 X T4-inch pages (in 13 Tous
and 16 columns) may be placed within a 6-inch langth of 105-mm wide
film Tha developed f)lm can then be cut up into 4 x &-inch flche
In one of The first books on the subject, Avedon (203) states that a

iypical COM recorder can place the equlvalent of 30,000 pages
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per hour on microfilm  This 1s 30004 the speed of an automatically
driven electric typewriter operating at 15 characters per second

For document distribution, a properly designed COM system can
provide dramatic savings over paper copiles 204) For example, multiple
runs on a line printer using carbon-manifold forms costs at least two
cents per page The same information can be recorded on a 16~mm
meerofiIm master 1n a COM recorder, and contact distribution copies
made at costs of approximately 0 1 cent per page--z saving of
twanty times  However, this does not include the necessary cost of
user equiprent for reading the microfilm

Most COM users duplicate thelr micrefiim output on a non-silver-
halide material, such as diazo or Kalvar microflim, and i1nsart these
copias In cassettes The 16-mm microf:im cassettes may then be used
in automatically driven reader mechanlisms, i1n which They can be
searched rapidly by manual or autematic means  Unfortunately, the
cassettes are seldom interchangesble i1n d\fferent manufacturers’
readers

The COM field is so new that there 15 a great preoliferation of
devices and systems, Avedon listing ninefeen companies as marketing
COM recorders (203} The first COM units have cost several hundred
thousand dollars each, but several are now on the market for less
than $50,000 (2053

The potential of the COM fleld goes far bevond the initial
appiication of reducing the bulk and c¢ost of computer print-outs
Hany of the more sophisticated COM units are capable of vector genera-
tion, which enables them to act as x-y plotters, and some units can

generate tones and even colors Coupied with ever more sophisticated
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computer hardware znd sofiware, Tomorrow's COM units mey bscome the
preferred method of compesition for materials which are normally
‘typeset or hand-drawn Coupled with emerging UMF technology, dramatic

prics drops for distribution copres of all kinds of recorded materials

are likely to be forthcoming Advanced COM-like systems, |ike Scanimate

and Animac could also have an 1moact on the audio-visual market (see
Section 3.3 )

Eventually, COM units could provide a versatile recording
capabl 11ty for satellite-transmitted digitally encoeded reference
information  Centraltzed data banks of current educational 1nforma-
tlon could be kept on dlgital magnetic disc and tape units This
tnformation couid be transmitted at very high speed aver wldeband
satelii+e |1nks to ground receiving stations, which, after demodula-
tion, could record the digital Information on magnettc tape This
information could be then further processed on local computers and/or
put 1nto human-readabie microforms on-demand via tape~driven COM units
4 5 WIRED TELEVISION SYSTEMS
4 51 Plctursphone

The American Telephone and Telegraph Company recently inltiated

®

(148) In1t+lal Intercity service was slated betwean Pittsburgh and

I¥s long-awaited video telephone service, calied Picturephone

New York City, but Mew York's deteriorating telephone service

has delayed the inauguration of Picturephane Local service was
begun 1n Pitisburgh In 1970, and an Intercity Iink to Chicago Is
scheduied for spring 1971 Conslidering the effort that has been

made to add vislon to the telephone, and the considerations given
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to epplications of such service, Picturephons may have as great
an tmpact upon our modes of communication as did the originatron of
“elephone service sorme 75 years ago

Picturephone may piay a crucial role Tn the competition
between communications and transporteiion  Although Picturephone
employs a sophisticated audio~video terminzl set, 1% is fo be phased
1n without radically changing the telephone network (148)  Locally,
Picturephons 1s transmltted over a 6-wire loop and switched by AT&T's
No 5 crossbar system, The voice portion uses one pair of telaphone
wires, and the picture portlon requires two more pairs--one pair for
transmissien in sach direction This seems {ittle to pay for the
advantages of having both sight and sound However, although a
Plcturephone circuit only uses 3 palrs of wires physlcally, this Is
+he equivalent of up to 300 cerrler-rodulated telephons channels

Customers can mzke voice-oniy calls from & Picturephons set 1n
the ordinary fashlon with Touch-Toné5351gnalung Yihen they want o
imtiate a Picturephone call, fhey press a twelfth button on the
handset, which astablishes simultanecus two-wlre felephone and four-
wire video switching at the local central offlce For fransmission
beyond a six-mile distance, picture, voice, and inter-office signal
information are all digitally encoded and multiplexed into a composite
6 3 magabit-per-second (Mb/s) signal, using differential puise~code
modulation

Initially, Plcturephone service wlll emphasize face-to-face

communication between iwo individuals, but equipment 15 being developed
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to provide additional services For example, a data set, appearing to
the felephone network just like a Picturephone set, will enable
Picturephone subscribers to call a computer, using Toqgh—Tone signals
for input  Among the zpplications envisioned are simple computation,
data retrieval, electronic banking, shopping services, ete Also,
access ta different types of remote speciatized information services
may be obtained Plcturephone is capable of displaying a full set of
alphanumaric characters, and swmple graphs Eventually, man-to-machine
and machine-to-man communication appliications may rival Picturephene's
primary man—to-man communication use (208)

In addition o zccessing commercial computer and 1nformation
services, Pjcturephone (s a near-tdeal terminal for computer-assisted
Instruction Few computer terminals available today have as versatile
a mx of communication capabliities as doss a Picturephons set
Presently avallable terminals usually provide keyboard input, with
visual oufput or voice answer-back, but not both  With Picturephone,
a variety of different stlmufus-response combinations can accommodats
different +teaching-learning styles The only potential rival to the
Picturephone terminal for Tnstructional use is two-way cable television
(CATV) service Picturephone versus CATV 1s expected fo be one of
the main intarnal communlcations subbattles in the rivalry between
transportation and communications (see Section 4 7}

Regular telephone service is a compromise between audio fidellty
and cost, and Picturephone Is a compromise between picture fidelity
and cost The band of frequencies sent over the switched telephone

network is |imited to 300 to 3400 Hz, or less than one~fifth of the
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‘all frequercy r~ange of h.man hsaring, which may be taken as from 20
‘0 15,000 Hz dorever, 3000 hz seems to be an adequate range for
onversational purpeses

The spread betuween the range of human vision and Picturephone
xapabi ity 15 simifar  The unarded human eye (s capable of resoclving
»otnds as close together as 1 minute or arc--equivalent fo 4 line-pairs
er milhimeter at a Picturephone viewing distance of 90 centimeters
Mhersfore, Picturephone's 12 S-centimoter screen width could usefully
iccommodate 500 picture elerents linearly, or about 1/4 meliion black-
and-white picture elerments within a square screen area, :f 1ts capa-
11ty wore to equal human visual aculty  Furihermore, the eye can
distinguish approximately 1€ lfevels of tonal variation on an absoluts
jasis, and considerably mere on a relative basls

Negiecting this, and using only the acuity criterion, 1n a 1 Mz
sanawidth, Slcturephone, using 250 active lines per frere and 30 {rames-
per-second, can provide only about 150 picture elements per [ine, or
37,500 etemenss w(tThin the scresn area--about one~sixth of the capa-
Jtlity of monotonal vision, i e no grey scale

Commercial television provides a piciure four Times better than
Picturasphone-=but 11 requires more than four times the bandwidth
However, because most femi iles own ot least one television set, and
none yet have Picturephone service, It is ressonable to ask if this
vast tnves*ment 1n existing TV equipment couldn’t be adapted as terminal
equiprent for Picturephone service

Broadcast felevision 15 not |Tkely to accomplish this, becauss of

t¥s asymmetrical communications design That (s, (n most communities,
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from 2 to at most 10 poserful broadcast stations send signals ooni-
directionelly to up to several mil hion viewing locations, but no
provisien s made for any return signals Furtharmore, the higher
the brozdcasting antenna can be placed, the greater the number of
viewars who can receive an acceptable signal Thue, brosdcasters
tend o share one or two antennas placed at the highest point 1n a
local Ity Thus, cotmercial television is largely e peint-to-area
communy cation systew, and at the opposifte exireme from pornts—to-
potnts systems, such zs the switched telephone nefwork  Scme sort
of network could be added to broadcast television, but this would
require broadband llnks Yo rndividual sefs from a centrat distribution
peint  Such systems exist In the form of community antenna or cable
teievision, both terms being abbreviated to CATV in common usage
4 5 2 Cable Television

CATV is a technological davelopmant whose ultimate lmpact may
reach far beyond 1ts originz! purpose of program redistribution
Telephone companles originally welcomed vledgling CATV operators
who wanted 4o rent pole space for +their cables, but they eventually
reelized that a coaxial cable going 1nto every home could cbsolste
thelr wire-based service The simple twisted pair of the phone
company would be paralleled by = sophisficated coaxial cable capable
of carrying thousands of telephane conversations simuitaneousiy=--or
thetr equivalent tn video telephone, facsimile, (ntaractive computer,
alectronic banking, and other 1nnovative sarvices-~which the phone

company hopes Pireturephone will capture
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However, CATY starfed out as a s:mple response to the desires
or television viewers 1n poor recepfion locations for a good picture
Major capital cost 1ftems 1n CATV systems are the headend, which
usually consists of a tower, a receiwving antenna, and amplifier,
distribution lines, which confain coaxial cables and their assoctated
. arplifters and filters, and smaller coaxial cebles, which are "dropped”
off the main line to serve individual subscribers Initially, cable
companies were content Just to act as relays, picking up distant
broadcast sligrals, amplifying them, and dtstributing a signal of
greatly increased quality to their subseribers Of course, an antenna
atop a tall tower could also pick up more different signals than a
hore owner could hope to get, even with a 350 to $100 antenna  CATY
thus offered both quality and quantity advantages

Today, one coaxial cable can provide a bandwidth of 300 MHz,
capable of transmitting from 20 1o 40 high-guality television channels
without using up any scarce spectrum space  Also, because the signals
tn & CATV system are confined to cables, they may be routed selec~
tively by filtering techniques (207} Thus, diverse public, private,
and even Intferactive services can be provided

Barnaett has reviewed a number of +these, such as fraffi¢ surverl-~
lance and control, police, health, and emergency services, autcmatic
utt I ¥y accounting, facsimlle-based mall, newspaper, and library
service, video cassette |ibrary service, community communications for
minority and other special 1nterest groups, pro-school, in-scheol, and

adult education, employment exchange service, etc (208) The llst of
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potential applications 15 endless, because the comrinication channel
1S 50 wide, becauss "wired-city" connections c¢an te rearranged to
surt changing conditions, and becaqga extensive user interaction Ts
pcssible (209, 2100

Because of the way 1t developed, CATY was unrezuiated at the
beginning CATV cperators were netther broadcasters 7or common carriers
Howsver, as the enormous potential of cable has bacore recognized,
vartous governmental agencies have stepped in to award territorial
franchises, and to attempt to regulate the cable cornzn es (211}

One of the most complex situations 1s In New York, where clty,
state, and Federa! regulatory bodies all claim jurisdichion A recent
report to the $tate of New York Public Service Commlssion presenis a
great deal of Information about the CATV industry, 115 growth and
costs, and tts competitive impact on broadcasters and common carriers--
as well| as ‘the case for state regulation (213
45 3 A Comparisen Between Piciurephone and CATV

1+ 1s of Interast to compare and contrast these two new wideband
services Today, CATV companies provide their customers with a one~
way service providing something [lke ten high-quality color television
program choices, for $5 to $10 a month In addition to this, the
amortized cost of the TV set and i1s upkeep and electricity supply
may add ancther $10 a month

On the other hand, Plcturephone service inherently offers fwo-way
communtcation wlth an ever-increasing numbar of sources, but has low
picture quallty and no color capabiiity at present Pit¥sburgh

customers pay $160 for a Picturephone sef, including one-half hour of
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local use per month  After this mitial period, The cost 15 25 cents
per minute (213)  Thus, & businessman who used his Pictursphone set an
average of 1 hour per day,.or.20 hours per month, would pay a fotal of
about $450, or over $22 per hour The same businessman would only pay
$20 to $30 a month, or $i to $1 50 per hour on the same basis for local
telephone service Therefore, «f 1t 1s to be widely accepted, Plcture-
phene must provide from 15 fo 22 +imes the value or uTility of today's
te lephone service--or the price must come down

The maln purposes of Picturephone and CATY are quite different,
but 1+ 1s worth contrasting them so that the unique place of each may
be betder understoad

A major difference ts fhat each Picturephone set has a but [t-in
television camera and mlcrophone  The user can change focal lengths
+rom @ normal setting of 3 feet to 20 feet to take in two or three
faces, or ¢irect 1t domn by & mirror at a2 chart only 1 foot away
The 1r1s automaticelly adjusts according to the ambrent 11lumination
To provide such a capabi1iify for CATY would double or friple sub-
scriber costs, and there Is tittle chance of this happening i1n the
forseeable fufure

Also, CATV companies are not likely To assume the respensibi|ities
of a comwon carrier, that 1s, they will not be required to provide
service to all users no metter how sparse their locations may be
Thus, 1+ seems very unlikely that CATV will reach as large a portion
of the population as present telephone service, nor will Picturephonse

be desired by all present felephone subscribers
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Furthermore, CATV companies witl not provide long~distance person-
to-person Interaction, which ts likely fo be Picturephone's forte,
while on the other hend the telephone company 1s not contemplating
the provision of entertainment programs

However, some CATV firms are considering the provision of a
minimal subscriber response capabtlity, such as a set of push-buttons
This would enable a variety of querying, polling, and ordering services
o be initiated (156, 214, 2151

Another way that Picturephone and CATV may be compared 15 to
conslder the number of hours of use expected From Figures 8 and 9, it
is estimated that 180 bifiton calls were made from 103 million tele-
phones during 1970, or 1700 calls per phone This Is an average of 5
calls per day per telephone [If ‘the average duration of each call Is 5
minutes, the u+1ll%a+lon of the average *c!ephone set s less then
half an hour per day Whether Picturephone will raise or lower this
total 1s problematical, but fo the extent that using Picturephone
replaces some *transportation for day-to-day transactlions, utltization
might reach ‘two hours a day per Picturephone set, particularty 1f
instructional and interactional situations became attractive Then,
utilization would be about 1/3 that of television, which 1s 5§ hours
per day in the average home (216} in business and industry, telephone
use |s much higher--perhaps twec o three +times -the average, or more
+han an hour per workday Of course, a good poriion of +his Is
accountad for by within-company (interofflce) calls With the addltion
of Plcturephone service, the time spent on this mode of communlcation
could increase ‘two or three times to perhaps three hours per workday,

but still only about half of television use .=
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Becausa of these wide differences 1n purpose, capaciiy, and cost,
1+ ts diff1cult to predict whather Picturephone or CATV w1l have the
greatest effect In education Af cable companies add & response capa-
by bity, CATy wi!l be more atfractive for educational utilization This
capabt [11y may be encouraged by government, following the precedent set
by municipallties grenting CATV franchises only upon tha condition that
at least one channe! b assigned Yo education
45 4 Commun:ication Satel!fte Imptications for Pieturephone and CATV

in all [ikelihood, domestic communtcation satellite services will
not be permitted to compete directly with existing services At least
In t1s init1al phases, communication satellite service 1s 1lkely To
comp lement them (217)  Uslng communicetlon satellite signals, local
CATY systems could eventually bring in program materials from all
over the world, and redlstribute them to thelr customers lacaily (218)
Simt larly, with The aid of communtcation satallites, telephone companies
could extend Picturephone service to individuzls and businesses on a
real-time world-wide basis

Howsver, In some fnstances, communication satellites are an
alternative to hard-wired cormunication systems, such as falephoneg
fines or coaxial cable UYhre and wiraless have ajways competed, buf
each has tended to stake out a distinet market In the past F C
Mclean, in nis 1966 Granada rall Lecture, "Telecommunications--The
Hext Ten Years", has said that

fEor any communicztion problem the first point fo be

setiled 15 whether 11 1s better +o corry out the communication

by radio waves cor whether fo do 1+ with wires . Wires, of

course, were the first 1n the {ield, being used from the

\nvention of the electric telegraphy 1n the early nineteanth

century Radito sterfed foward the end of the nineteenth
cenfury and since then there has been a continual see-saw
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in all aspects of the communication fields between the wire
and radio circuit Transattanfic communication staried with
wite w1ih the telegraph cable, then moved to radio for The
first of the transatlaniic teiephone <trcuits, and 1T now
seems firmly established by wire with the .latest cables with
empliflers 1n them 1+ would be a focolish man howavar who
would say that radio would never come back into such frans—
etlantic traffic we see on one hand enormous (nvestment in
satellites and their associated ground stations, and on the
other large and long-time investments 1n cables and 1n new
cable-taylng ships going on at the same time

"For conditions of very high density fraffic between two
points, the wire, whether 11 ts an actual wire or a fube
conveying electric Wwaves, seams 1o have an economt¢ advantage
This advantage grows as wethods are found of imposing noT a
single massage but perhaps thousands cf messages on a single
wire or conduciing fube But for traffic of lower density
and over difficult terralns radlited signals seem To have ths
advantage

"For the conveyance of messages to a widespread audience,

a8 1n broadcasting, radited waves seem +o have, excepf 'n

spectal conditions , a very daefinite advantage |+ repre-

sents the quickest, and by far the cheapest, way of bringlng

messages, whatever their content, fo the individual and Is

much cheaper than the printed word or letters

"in the very long term, s2 have Vo expest That nearly

all services to and from fixed points will bs by wire and

that all radited serviges will only be used for communlcaticn

to and from moving objects It wlll, however, be at least

50 years before thls stage of telecommunicatien development

ts reached " (219)

Sy larly, 1+ Ts exceadingly difflcult to see how the future edu-
cational comnunications market will divide 1tself between communication
systems-~sate || ite~bagsed or not--and physical transport of program
materials In parflicular, the repidily developing technology of low-
cost video storage wil| compete with many electronic systems in the
near future
4 & CASSETTE AND DISC PROGRAM STORAGE SYSTEMS

Currently, many new produects and systems are beling announced

for elsctronic and phystcal distribution of program ma+er1ai_‘ Probably,
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none has had as great an 1mpact on Thae physical side as has the
Philips audio cassette, an ingenious, low-cost miniaturization of
reel-to-reel recording which eliminates tape-threading |In jJust a
few years since 1ts tatroducticon, 1+ has become a reproduction
mediun for audio second only to disc (220}, and undoubfedly the most
wtdely used audio-recording medium for the genesrzl pubtic

There 15 considerable confusion between the terms "cassette" and
Ycartridge" in reation o film and tape packaging systems The
Philips audio cassette t1s a two-hub device (see Figure 15) 1n which
the tape only leaves the confines of the enclosure when passing ovar +the
record/reproduce head (221) In contrast, most cartriduas are one-hub
enctosures from which tape or fiim ts drawn past a record/reproduce
head Sore contain a continuous-loop of tapa (Orrtronics, Fidelpac,
lear) or fiim (Technicolor), so that after playlsg, the tape or film is at
1ts beginnrng position Otker film cartridges must be rewound back
into the cartridge (Kodak, Bell and Howell)  Scme of the new video
cartridge/cassette systems will use variants of the 2-hub design,
soma will use 2 reels coaxially mounted, and scme will use 1-hub
cartridges Thus, 1t appears that The lack of standardization in
the video field will be even greater than i1n the audio market (222)

The reasons for Philips success may be understood best when put
in The context of earlier tape packaging efforts, such as the basically
simifar RCA casseite, which appeared In the early 1960's  Perhaps RCA

was ahead of 1Fs time, perhaps their design was not reltable, or

perhaps they never could develop the right marketing fechnique  Also,

*“they never succesded In getting anyone else to use their design,

whether intenTionally or not
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On fhe other nend, Philips, & giant Dutch-basad electrical company,
set put deliberately to give thesr design vo all fiems valling to aqree
to use 1T in 3 compaTibis fashion, free of charge This uas unheard of 1n
a world whera many manufacturers seeh Yo Mook out" conpetition by keep~
ing @ design o themseives, or licensing ¥ only for a large rovalty
\4 6 1 The Fhilips Audiotape Cassette

Figure 12 chows +he Philips cassette $uil-g1ze tr s 10 ow long,
6 3 emwida, and onty 1 1 cm Thick tat tte thickest part) e¥ i¥ can
hold up to 650 feet of A-mm {0 15-tnch) wida, 0 3-to @ S=mil thick
magnetic fepe  And beceuse fapa spaed 15 onty 1-7/8 ips, wp ¢ 80
minutes of recording 15 eveilable on sach slde Bienk casseites of
goad quality net for from §1 00 (for 15 minutes per s1de) to $3 OO
(60 minutes per side)

Prerecorded cassettes are available for frem 34 0D Yo 56 00, ond may
become competifive with long-playing (WP} record priges, 1f thelr dis-

i o
count structure develops in a similar pettern However, aducators n

get only 10 or 20% off on cassettes, compared to 40% Yo 50% on LPs

Also, frequency range 13 usually timited to 10 ¥Hz, and is Vikely
4o ramain Inferior 7o the best LPs for same time  However, at least
cne cassefte menufacfurer, oK Efectronics Corporation, ¢lains a ni=fa
ranca af from 30 Hz to 20 ¥Hz with their Super Dynamic casseties, and
the Dolby noise reduciion system 1§ now being used to eahanca Tthe
performance of all pecording/reproducing systems (223

Record/p laybéck cassette tape recorders may be purchased for from
$25 o $125, with stereo machings priced in 2 rangé above 80  Meonaural

playback-enly machines may be obtained for less Than $20 Portable,

betfery~operated units made tn Japan dominate The [ower price ranges
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tncreasingly, prerescorded cassette tapes for entertainment, ins¥ruc-
tion, tatormatton, and data transfer are being produced for this
market

Cassettess and cartridges have alsc proliferated 10 The audio-
visual market, and 1n fhe new 16-mm COM (computer-output microf:im}
rmarket They are now about Yo impact the vast merkets related to
television Howaver, +the exemple set by Philips has not been learned,
znd most manufacturers of COM ang video-cassette systems seem iptent
en Mlocking up” a segment of the market for themsalves by devising
media packages which can ba used only on thalr squipment, and vics
versa The srioation (s so tad in 16-mm COM carfridges that there ars
over thirty competing formats on the market (224)

At The very least, these Incompatibilities are a serious annov-
ance for many users, but they become critical when there Is a need to
a0apt material developed for one medlum for use in shother rediy™
4 & 2 Video Casseftes

A naw system of physiecal distribution for televlsion programs
is emerglng. cassetre TV (225-232) Some of these systems zre
modelad upon the highly successful audio cassefte developed by Fhilips
Hewevar, most firms seeking o enter the market have not observed
tha maJor means of Phil1ps success (Including Philips)  compatibility
Thus, a proliferation of [ncompatible systems seems destined to compete
wlth each ofher, as well as with established motion-plcture, broad-
casting, and cable television interests

As shown (n Table 11, videccassette/cartridge systems may be

divided frnto thres types according to the nature of the recording

matarial
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Table 11 Video Casgetie and Disec Racordina/Ranroduc!mg Systems
Fancrzirs datericl, Protabla Tecordin~ Pas ofLeing Pictura Audic Expected Accessortes’ and Cogt, CasseTta  Unit Cos* of Urit Rertal Cormgnrs
Man, c&murer, & lzrketing  Tech~clogy Tecnnelogy Pasolution, Playe~ ballars or Bise  Czssette or Disc, Cost of
Trarn V=-p Onter TV Linas tost, Playlng Dotlars Cassotta,
Dolia=s Tima,MEin ollars
Vareom) ~ “ang PagseTinc hellcal=scan bholical-scan <250 [all)
nagratic head magnetic head
(aild (sl
rroea/Tos e (Toerco) 71 172" ~apel 2 tracks 80N 1000, record/play 305 13, blank ———— camzra has zoom lens
tra~2 Isicr 40, camera ard alec*ronlc viewsr
Fyveo/roriral Carti- Tt 1/2% tape? 1 track 450 850, Ingiu TV set <120 10-25, blank
visan 1000, faclu TV & camara 8-25, preracorded 3, up
shiflgsioralco YOR b 1! 1/2" chrorium 2 tracks 250-3.0 500600 record/play =60 25, blank ——— Tndepandent tunar for
dioside tape recording, tirer
S5y YicacCessatfe Lri! 3/4" chronium 2 ‘tracks  350=4.0 500, recard/play <100 25, blank 2-5 {(to record
dioside tape 500-650, Inclu carara proarams)
Vave.shiTa/CarEson © —— 3/4" tape mmmmm—— . e —— —_— ——— -——
Sl sar=ratics §£11lm
ar~gtenda Colorvision, | 771 catical flyIng-spot 250 magnetic 2507 25-250 (homa movia %30 40, blank® v
dlcom? ere  {Suser~ scanner strige camara)
3 ectrridge TY zdapters)
o/ amaenia 2R 170 glectroneboom  £lylag-spot 6004 2 msa- 795 possibla cafor-ancoding <258 15-30 —
il cae~ridgus rocerdar’ Scannes netie film camara 1n future
(8 3/4 rm f11m stripes
Sepestod Yipsl Plra=le
7o SelecaVisiont? —— rultipla~boam  laser & 250 unknown 400 m————am <60 10%-20 —— black-ard-whita only
(tace cartridge) hologranhy vidlceon deranstrated
REG-Telefonken/Taldsc 72 stylus prassure 230 PPM Tn 125-300 ——mm— 5 to 15 2 50=-5 50 —— black-and-white calv
Yideo Dise racordar seanning vertical darons*rated recordincs
[atarval on ore slde of disc o ly

rraticle witk Shed Tyos 1 {reel=te—raol) ctandard

i ¢ rasores asary third tield
werds 2 F1eles n aach rass

mad To 320 lires 5y RF circults in TV recolver (unless fed directly to manitor)

3 pimgmas =~ Ralr-csewt exvended play rode

13 ~yruTes “or biackeznd-white

[ comurzs 411l e blacc-end-white Imitially

wgluding procassitg
2-ro.r orogeem

-

*n azaerarTly will marget an 2iternative system while working out 5V problems (241}
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i Magnetic-faoe cassettes, for both recording and playback
of television of programs Tape Is erasable tn contrast to

2 Film cartridge systems, for playback only, and

3 Embossed-viny| tape or disc systems, for piayback only

The marketing of most videotape cassette systems seems destined
to be concentrated upon the home  Although all cassette sysiems
proposed will be color-compatible, and may be connected directly to
home TV sets, most of them have inferior resclution to that obtainable
with presently available half-inch color VTRs  However, the "home
movie" potential of cassette recording, once low-cost color cameras
becore available,1s a feature of great attractiveness

For educational use, 1+ is importent o attain the best possibls
quality As listed in the resclution column in Table 11, magnetic-
tape cassette (iype 1) systems, and the video disc (fype 3) are
capable or -esolving only 250 "TV lines" This unfortunate mrisnomer
actually refers to the horizontal resolution, which Is a measurs of
detai] within each TV line Live TV and high-band quadruplex VIRs
are capable of 400 "Ilnes", and both low-band quadraplex and heiical-
scan VIRs are capable of 300 "lines" (233) Also, at least one of
+he megnetic-tape cassette systems skips fields, with effects whlch
can only be detrimental to quality pictures

The system likely to prove of the greatest utility for general
educational applications--especiaily 1§ high quallty stili-pictures
are to be exhibited--1s CBS' EVR, a type 2 system Also, this Is
the only system so far on the market Therefore, 1+ will be described

In greater defail than other systems
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Following EVR, type 3 systems--FCA's SelectaVision and AEG-
Teldec's Video Disc--wi || be discussed However, no further informa-
+ion will _be given on magnetic-tape cassette {(type 1) systems
4 621 Super-B Cartridge Television

Before dlscussing EYR in detarl, 1t should be nofed that another
type 2 system--Super 8 motlon-picture cartridges--can be adapted for
TY use very economically  Several such systems have been announced,
such as by NordeMende in Germany, Vidicord (234) in England, and by
Abto, Inc , and GTE-Sylvania In the U § [t seems certain that
major Super-8 caritridge producers, such as Kodak and Bell & Howell,
will follow sult Previously, Sylvania ploneered In the recorded
television consumer market with their "Color Slide Theater", a
sound-slide talevision combination (235)

Although there are serious compatibilrly questions within the
Super-8 field, particularly in relation to the 4ype {(optical or
magnetic) and temporal displacement of the sound track relative fo
the film frame belng projected, all Super 8 f1ims are potentially
capable of belng used 1n any Super 8 progector, and a vast |ibrary
of materials is belng put in this format (236}

4 6 22 CBS' Electronic Video Recording

EVR, a type 2 system, wll| compete with traditionsl audio-
visual media, as exemplified by films and filmstrips, as well as
with commercial and educational television EVR has the pofential
to unlte these heretofore scmewhal competitive systems into a single

system, which should then become a more powerful force In +the market
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EVR was invented by Dr Peter Goldrark of CBS Laboratories, ?37-239)

vho regards tt as the visual equivalent of his orevious A~V break-
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fingerad Kodak's Super-8 cartridges {(for movies) and Instamatic Tho E4 G o Gurt g peow des s masmum ol 2 s o groe oot PR R S Ry
R;:?s-:ll‘m:?::;:ﬁg:f. £d on 1y runnng tita rpudded up 1o the 5
cartridges (for sti{l pictures) have given tremendous mpetus to 1600 | 550 | 880 | 1220 | 1550 | 1460
Pricos shown ar0 par cariridgs a0d Includo all costs of eoavall ag
gutlomer & matarial 18 EVR Caslr dgos. 2G50 540 8EQ 11706 “e 13.50

o el fetis e by 8t
Fritae dlep Lhi'ed miiv Spie. 5 St 14 bl wiid Saiplod by W Dititaany
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‘' Fioure 16 EVR Color Cartridge Specifications and Pricing
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smateer use of these medida Without easy loading, 1T will be
increasingly hard fo market oider systems which require manual
threading

CBS and Motorola have speeded up the intreduction of color
EVR, sc that +thelr first customers will get a player with
color capability at no increase over the originally anmounced price
The l1st price of a Motorola Teleplayer will be 3793, which Includes
& one-year parts and 90-day service warranty MoTorola's Consumer
Products Division will be able to handle servicing, because the
stectronics (based on Motorola's "Quasar" principle) uses 13 plug=in
minicircuits Teleplayers will also be avaiiable on a 3-year lease
tor approximataly $28 a month, with optien to purchase at the end
of the 3 years Renting for lesser periods is ziso a possibiiity

How the EVR format works !s best understoed by reference to
Figtrel6, where a compatible celor/black-and-white format 16 Shoan,
A major difference from conventlonal fuim 1s the comp leta absencs
of sprocket holes EVR flim does not have o go through the jittery
and wear-producing pracess of comlng to a complete stop at each
frame, rapldly sccelerating fo the next frame, coming again fo =
complete stop, etc  Instead, EVR film moves at a cempletely constant
and silent rate of & Inches per second, equivaient to 60 frames a
secend  Also, the considerabls proportion of material taken up by
sprocket holes 1n small film formafs is freed for image use Flim
+hickness ts only 2-3/4 mlls, or less than half of standard positive
motion-picture ftim, which has a 1/2-mi 1 emuision on a 5~1/Z-mil

pasa A T-Inch diameter cartridge can hold 750 ft of film, which
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contars 180,000 black~and-white prctore frames anc 2 raanetic sound
tracks  Synchronization is by means of a timing rz-- batween each
pair of frames n the center of the filIm

Black-and-white matarial (s recorded on EVR { I~ #1Th two

programs placed side by side | these programs are corpletely

’lndependenT, the second progrem ts avarlable only a~-gr The film has
been completely rewound into the cartridge (whrch tanes up to 2
minutes) Fowever, in the case of color EVR, ‘the right channel
{chennel B) contains only the luminance Information, which corresponds
to black and white Intersity levels and to the gree~ comooneat of
color TV The left channel {channel A) is called the chrominance
channel, and contains the rest of The information necessary to syn-
thesize a2 full-color picture Vertical bars, actually rows of fine
dots, vary In spacing according t¢ the color information 1n fhe
signat

A single flyIng~spot scanner 1s the light source for EVR re-
producticn  This scanning beem 1 split into two comoenents, which
are passed through the left and right film channsls and directed To
fwo photo-multipliers by light pipes The sync signal 15 detected
by =2 fiber optics system and converted inioc a synchronizing pulse
The infermation frem albl these sources 1s synthesized info a standard
MTSC*colar signal, and fed to the VHF antenna terminais of any TV
set which has been funed fo either channel 3 or channel 4 Tele-
players are normally shipped prefuned (by crystal) to ei1ther channel

3 or 4, as the FCC zilows only one of these channels n any aréa o

be used for over~the~air broadcasting

- —

*National Television Systems Commiitee
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EVR partakes of all the good features of TV--while adding some

of 1ts own Particularly important to educaiors are these

1 nc room darkening,

2 no screen needed,

3 all equipment can be placed in front of a room,
4 comp letely silent operation,

5 high-quality st bHl=framing

One of the great virtues of the EVR format--particularly In
terms of flexibiltty for future use--1s that although the *twe channals
are tied together for color, 1n black-and-white they are compietely
tndepsndent One channel can sven be made partially dependent on
+he other For example, EVR could be used for programmed instruction,
where one channal contains the pressniation or s+1mulusAframes, and
t+he other chanre! the response or reinforcement frames EVR film s
capaole of bei~g stopped at any single image, hald for any length of
t+ime, and restarted at will, without any notse or picture degradation
This stopoing and starting can be done elther manually, or by pre-
coded signals on the fitim itself Thus, EVR Is an 1deal medium for
prograrmed 1nstruction  Another potential use of side-by-side frames
15 for True stereo television

Ffurthermore, because the fwo sound tracks are also independent,
sach can contain volce informerion 1n a different language An
innovative educational application by Field Enterprises in Chlcago
puts preschool programs on one track, and ralated teacher-guidance

1nformation on the other
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This flexible format afso lends itself to so-called “reference
EVR", which uses sync marks +o locate informetion 'n ipdividual fromes
In this case, EVR offers potential competition to conventional micro-
film for the recording and reirieval of vast quantitites of informa-
tion {see Teble 10> |+ may be possible to use the twe fremes as
one, that is, the conventional TV aspect ratio of 4 3 could be
doubled 1o 4 6, and the resolution capabil:ties of the EVR recording
medium thereby doubled The enly himitation here is in the monitor
Using a cartridae containing black-and-white images, 1+ 1s possible to
get much higher resclution by not convertina the EVR sianal to RF, but
by feeding 1t directly i1nto the video section However, this would
require recetver modifications on sets sold oniy for over-the-air
recepifon CBS cfaims that the RF signal is {imited to 320 [ines
horizentally per channel, but the video signal (without carrier} has
a capabi |11y of atT least 500 horTzonta! |ines  When multiplied by
TV's 4 3 aspect ratio, this gives a capability In excess of 650
"plcture alements" across one scanning |lne

CBS has a laboratory in Nutley, New Jersey which will| convert
any of tThe following black-and-white or color media to EVR cartridges
16-mm motion picture fiim, 35-mm motion picture film or siides, and
one- ar two-fnch videotape The heart of fhe conversion system is
electron beam recording (EBR), using a 0 0001-inch diameter beam
This allows recording at a resolution of 200 lines per mm, the film
which has a doped emuision, has an inherent resofution of 800 |ines

per mm  After they have processed a large number of back orders,
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they intend to attain a turnaround schedule from receipt o shipping
of about 10 days, and ultimately, 5 working days

Just as @ distribution system, EVYR 1s certaln to make a large
Impresston on the market A single Teleplayer can drive up to 30
conventional television sets without additional amplification, or a
Teleplayer can be placed at the head end of a community antenna or
cable television system, thus providing potent competition for
videotape-~at least for playback use

However, because the process of making Tthe mesters and copies
is extremely complex, there 1s no competition with VIR or motion~
plcture film for making ori1ginal programs Also, distribution coples
will be made only 1n quantiiles above 50, whera the per ¢opy cost 1s
$15 90 for a 10-minute program At 2000 copies, this drops almost
tn half, to $8 60 for a 10-minute program  Certainly, EVR Is less
expensive then 1&-rr moticn pycture f1lm for distribution  In runs
of a thousand copies or more, the cost for a 10-minute EVR proaram
would be only $9 00, competi tive with Super-8

Another rmportent declision Is to avord the home consumer market
for the present, and concentrate on ndustrial, education, and tralin-
ing markets For this purpose, CBS is cocperating with a number of
educational f)lm producers Thev have signad contracts with Bailey-
Film Associates, the Mational Fiim Board of Canada, and the CGreat
Piains Instructional Television Laboratory, and are currently nego-
+iating with Encyclopedia 8ritannica Fiims, Coronet, WcGraw-Hill,
and Churchi || Undoubtadly, EVYR will cut into the market for super-8
and 16-mm distribution prints, although 14 Is not a present threat to

35-mm for large-zudience screenings

-139-

Also, because 1t can stop on a dime, and present an extremely
bright, high-definition still sicture, EVR may give severe competi*ior
to the old_silent filmstrip format _However, one difficulty In com-
peting with the sound f1lIms¥rip market 1s to keep the audio going
while a s¥lll-picture is being shown A separate audiotaspe playback
system will be required for such use However, should there appear
to be reasconable market for this kind of thing, 2 spatially enceded
sound system may be added (see Section 2 4 2)

if all progrem materfals which have an expectation cf repeated
use over time ware to be put into the EVR format, a great deal of
transmission cost and complexity might be saved For example, a
bank of ten EVR Teleplayers could store the entire present stock
of U § filmstrips A fully loaded EVR cartridge contains 90,000
full color frames, or the equivalent of 3,000 full-color f1lmstrips
I metheds can be developed to digitally encode and spatially store
sound Informatfon compactly, 1,500 sound f]lmstrips could be kept in
one EVR cartridge There are 21,500 educational filmstrips available
today 1n the U § (77)-~the majority of which do not have sound
accompan ment--out of perhaps a total 40,000 filmstrips, of which
perhaps 6,000 have sound (73) Nine players could be put i1nto
a rapld search mode while ocne transmits Information to the
satel|ta system In thrs manner, using cne TVE (+elavision-
equivatent) channel, all the filmstrips 1n the bank could be broad-
cast in a total of four hours, and 1f necessary recycled throughout
the day

RequesTs for demand access would not necessarily have 1o be

sent to transmitting locations Using a printed directory (77),



~140-

users could select those filmstrips they wished to use the following
day {or four-hour period, allowing for time-zone differences) Each
filmstrip would have 2 unigue order number, similar to the rapidly
spreading use of I[8EN's~-International Standard Book Numbers (94 )--
1n the book frade These numbers would be keyed or otfherwise stored
| locally tn a small random-access memory davice  When the s¥rll-
pictures were broadcast, each sequance making up one program--or
even particular st lls of isolated interest--could be broadcast
preceded by 2 digitally-ancoded identification number, which would
activate all receiving locations having the Identlcal number prestored
{see Section 2 4 4}

This process Is analogous 1o jukebox systems which place selec-
tion mechanisms 1n 2 number of different locations The central
Juksbox mechanism stores these keyed requests in an electromechanical
merory, and plays tre selections In the order of receipt In the
setellite system, everything happens much faster, and the selection
mechanism must be randon access——but the principal 15 the szme
Some DAIRS {dial-access Information retrieval systems) using video
have random-access capabiiity (163), but most tie up a program
so that each use precludes other uses during the program time
In the satelllte system, because each program can be transmitted at
very fast rates, and accessed later at human-compatible rates by the
use of electronic or electromechanical buffer systams, a much batter

over-all solutlion +o the access problem may be achleved

An analysls of the demand-access requirements for still-picture

television programs has been made, and Is glven in Appendix 8 2
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4623 RCA's SelectaVision

Of the proposed video cartridge systems, none I1s as technically
innovative as SelectaVision (5V), developed by a +feam headed by
Wilfiam ¥ Hannan of RCA's Consumer Research Laboratory (2407 8V
utt {tzes phase holograms embossed on rnexpensive vinyl fapes A silert
bjack-and~white system was demonstrated In the fall of 1969

This experimental SV tape player Incorpocrated 2 laser of 632 8-
nanometars wavetength, with a power cutput of 2 milliwatts The laser
beam 1s passed through holograms embossed on half~inch wide 1-mil
thick vinyl tape, running a 7-1/2 Inches per second The resulting
image 15 plcked up by a vidicon camera, and the video signal r-f
modulated and transmitted to a conventional TV set through Ifs sntenna
terminals  When ‘the SY player comes to market,* it would sell for
approximately $400, and cartridges contalnlng half hour pregrems In
full-color and with sound would be sold for less than $10 each This
1s possible because the large-volume cost of viny| tape material for
a program of half-hour duration is expected to be only 15¢

A five—step process 1s necessary to convert from 16-mm motion
picture f!lm to this tape A color program s recorded on film by an
electron beam recorder This color-encoded mastar 15 developed, and
converted by a laser to a series of holograms which are recorded as a
positive phoforesist on a Cronar +ape base Soft areas of the resist

are washed away i(n a developlng maching, the helograms appearipng as

*However, according to lately received 1nformation, “RCA Corporation
1s seeking an inferim cartridge television system until the
bugs can satisfactorily be ironed out " (241)



-142-

corrugations on the surface ar the fape A hologram master tape 13
then produced from the original photoresist hologram tape via a plating
process, similar To that used 1n the production of phonogrash records
Finally, copies to be marketed are manufactured on an embossing
machine by rolling the vinyl tape and the nickel-plated master tape
together under pressure

An 1mportant characteristic of SY holegraphle recording 1s ammunify
from seratching, which Is accomplished by using off-axis recording
This amounts fo a form of spatial filtering, which separates notse due
4o scratchas from the image Also, the tmages will ba specklie-free,
as tne SV holographic system uses multiple-beam recording, which
creates a number of subholograms each of which 1s capable of recon-
structing the entire lrage |f one or more of these subholograms i1s
multitated, the entire image can be reconsiructed without 1t Further-
more, The Fraunhofer hologram technique used provides a unique mage-
immob 1 11zation characteristic, which enables an image to be always
projected onto the TV camera regardless of the position of the tape
Thus, no shuitering or electronic synchronization between tape drive
and carera scanning Is needed Furthermore, various types of movement
can be achleved, including stop~motion without flicker, by changing the
tape speed of the continuous-motion transport The transport itself
can have rather loose tolerances, because Fraunhofer holograms provide
an n-focus Image over such a depth that the camera-to-tape distance
15 not eritical

RCA may devote $50 million to the preduction of programs speci-
fically designed for SalectaVision (242) These programs would be

rented for from $3 to $5, Tather than soid, and would 1nmitially
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emphasize specialty interests, such as children's programs, cultural
programs, theater, sports, and popular singers HNot unti| 1975 or
1976 would full-length motion pictures be added

The RCA system Is aimed directly at the home market In the
Variety article, no mention at all was made of the education market
Whether RCA's present marketing plans will persist 18, of course,
unknown  Even though tha RCA system wiil be among the last of the viden
cassette systems to be marketed to the publlc, 1f they can malntain
projected selling prices, their only competition will probably be
the AEG-Teldec Yideodisc system RCA and AEG-Teldec are after the
same markets, and how these markets wi|l divide between the Innovative
helographic system and the technological ly advanced extrapolation of
long-playing record tfachnology 1s not predictable
46 2 4 AEG-Telefunken/Teldec's Video Disc

From an economfc standpoint, the mass production of disc conles
is so attractive that several electronics firms have tried o perfect
a phonograph-based system for the playback of television programs
For example, Westinghouse prematurely demonstrated Phonovid, a
still=picture TV system, In the mid-1960's (243) it used ordlnary
disc phonograph technology, but required an expensive scan converter
to make the resulting signal compatible with home TV setls In June 1970,
AEG-Telefunken, and Teldec, a Joint subsidiary of AEG and Decca of
tondon, displayed a prototype fui!-mo+|;nh?ﬁ disc sys;;a—(244)

Video disc technology 1s a radical exftension of the state-of-
the-art of LP recording, with greatiy increased groove density and
rotattonal speed Surprisingly, ¥he original inventor of the LP

record, Dr Pefer Goldmark, chose a serial medium~—film--for CBS's
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video playback system, EYR Hill-and-dale recording with FM modula-
tion 15 used by Teldsc, rather than lateral recording, because side-
fo-side excursion of the greoves 15 the critical himiting factor

For ccmpzrison, 1t may be noted that an ordinary LP record
rotates at 33 1/3 rpm with a microgroove density of up to 250 linss
per tnch across the record In the mid-1960's, a Mew Jersey firm,
Wagner Research Company, advertised their Microdisc system,
supposedly capable of 2,000-1ine-per-inch recordina density, but
It never came to market

The Teldec system uses approximately 3,500 lines per inch, 15
Times the groove denslity of LPs  Dr Horst Redlich of Teldec has
cotned the expressicn "dense storage technology" to characterize
the arsal capabllity of the discs, claimed to be the highest ever
attained--half a mi1lion bits per square ml[limeter, or 100 times
that ot LP recoras, anc 500 tires that of magnetic tape (245)
Furthermere, Teldec records spin at a speed of 1800 rpm, 54 Times
that of LPs  Taken all fogether, the uitra-high groove density,
the use of FM rodutation, reduced signal amplltude, and short wave-
lengths are surficient to record good quality TV picfures The
resolution and contrast of the presently developed black-and=-whi+ts .,
picture, and the quality of the scund are comparable to over-the-
air recepTion

Audio is recorded by pulse-position modulation (PPM) in the
vertical interval--the short perlod between the vertical sync pulse
and the commencemert of the next frame

An B-inch video a1sc will hold up to 7 minutes of felevision

program matarial, end a 12-1nch disc, up to 15 minutes When the
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system reaches the narket i1n 1972, full-coler discs and color-
compatible players will be availabla Tha video disc player 15
expectad to sell for between $150 and $250, with the higher-priced
models tncorporating an automatic disc changing mechanism capable
of a less than 5-second change cycle Repeat-action and st |]-
picture modes will be available Home players will generate an
RF-modulated s:ignal, so that they can be connected to an ordinary
television set through T+s antenna terminals

AEG/Teldec plan to furn out a half miliion pressings per hour,
at a manufacturing cost of something less +han $2 50 per hour-length
recording, and clalm that they can break even with a run of as [1+fie
as a thousand coptes of a particular program

I't would be surprising ifnol § company were developing
similar technclogy MCA, a U § music distribution and promotion
company, s rumored to be working on a "reledisk" system "supariort
to AEG/Teldec's (246)

Takirg as an over-azll cost-stfectiveness criterion the cost
per hour of playing time, video dlsc technology should be in an
extremely favorable competiilve position compared to other televislon

recording systems coming on the market
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4 7 EVALUATION OF ELECTRONIC VERSUS PHYSICAL DISTRIBUTION
471 Introduction

In This chapter, present and emerqging technologies for the physical
and electronic distribution of educational programs and materials have
been surveyed I+ has been shown that no one system or group of sysiems
15 Tikely to dominate the educational distribution channels of the
future, rathar, mere diversity and individuality 15 expected

However, 11 Is possible to discern a trend in the direction of
trading physical for electronic means for many +ypes of messages and
meterials of relatively short length
4 7 2 Inter|ibrary Loan Versus Facsimile

Most past studies of fransportation versus communication trade-offs
seem 10 have been concerned with the facsimile Transmession of article
or document pages as an alternative to interlibary loans One would
think that this should be a reasonably cost-effective substitute,
because conventronal interlibrary loans require that the lozned Item
be returned, thus entailing e«penses to both the loaning and the
borrowing libraries

An analysis of electronic transmission for interlibrary loans
was made by King about 1960 (247) For an average conventtonal
loan, the lending library expended $0 62 and the borrowing library
$1 20 in direct costs, or a total of §1 82 King estimated that
direct costs for facsimile would be only $0 18 and $0 58, respective-
ly, for a total of $0 76 He then proposed that the difference
between the physicsl and electronic direct costs--§1 08--should

determine the allowable expenditure for facsimile equipment and
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maintenance and communication costs In these calculations, he
assumed that the average document to be transmitted by facsimile
would consist of 10 pages This 1s clearly much too low for bocks,
and 1t must be assumed that King was considering facsimtle service
only for pertodical articles

tf an average document is 10 pages, breakeven could be attained
at an interlibrary dlstance of 50 miles, with a monthly volume of
500 documents per month  More significantly, a potential savings
of $0 50 per document over conventicnal interlibrary loan costs
could be realized at distances of about 10 miles, with velumes as
low as 250 per month  In King's analysis, the most notlceable
characteristic of facsimile economics is its sensitivity +o volume
He found that distance becomes a miner factor when volume approaches
3000 documents a month, where costs drop clese o $1 per document,
or only 60% of conventional loan costs This sensftivity may be
attributed mainly to the high fixed costs of the terminal equipment

Similar results, but much higher total costs, have been found In
actual interlibrary facsimile tests (168,170) A particularly detalled
but short experiment was done In 1967 by Schieber and Scheffner
betwzen the Berkeley and Davis campuses of the University of
Callfornia (171} They found that an average request consisted
of 14 2 pages, and cost about 90¢ per page, or 312 75 per request
to transmit via Xerox LDX and a combined 90-mile Telpak A, cable,
and microwave link {(see Table 12) Of these costs, approximately
one~half went for communlcatlfons and assoctatedequlipment, one-third

for LDX and assoclated termlnal equipment, and only one-sixth for
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Table {2 Costs of LDA-Telpek A interi:brary Fecsimile
{extracted from refersnce 171}

(376 requests fulfilled, ftofallng 5280 pages,
max 99 pp/request, av 14 2 pp/request)

Cost per Month

LDX eguiprent and supplies

scarner

installation? $ 83

rental, 15t 2500 cc 550
autoratic document feeder, rental 40
printer

instaliationl 1

rental, 1s* 2500 cc 650
extra copy charges, 2800 € 30 05 140
Xerox 915, approx 5000 cc @ $0 53/page® 265

Total equipment = $1664 3
Cormuntcations

Serres 80002 service, 90 mi @ $15 1350
Series 8000 modems

installationl, $18 75 x 2 37 5

rental, $450 x 2 900
microwave & cable Instal {ationl 33 3

Total communtcations = $2320 8

Labor @ 2 33/hour
534 raq * x 0 31 hr /request = 166 hr

+5280 pp x 0 04 hr /page = 211 hr
Total labor = $2 50 x 377 hr = 5943
Total cost = $4928 1
Cost per request fulfilied = 54928/376 = $13 1
Cost per page = $4928/5280 = $093

lamorttzed over 36 menthe

Znacessary (ntermediate to feed scanner

3farmerly Telpak A (48 kHz channelf

Yot these 534 requests, 376 were fulfilled via LDX document

fransmission, 106 ware notifications of 1nabillty fto fulfili
via LOX, and 52 were serviced by non-LDX means
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labor  They concluded that manual procedures 1nvelved in interlibrary
loans need fto be reorgenized before telefacsimife can be used effec-
tively

The California experiment had costs much higher than a going
tnstaliation would experlience, bscause the learning curve never
approached 1ts plateau  Also, they expertenced nine LDX equiprent
or communication faiiures of an hour's duration or more during the
month of operation, which amounted To one-sixth of the total hire
the system wes i1n use Even more damaging, average LDX utilizathion
was only 35¢ of stated capacity Also, they apportloned the costs
of nonserviced requests-—about 20% of serviced requests--~to the
system

I+ 15 clear that a single scanner, communication [Ink, and
printer cannot provide reliable service, nor smooth cut demand peesks
to provide service times that customers expect at these costs
Actually, users indicated that they would be willing to pay 20¢ per
page, but only 1f they could be assured of delivery within a couple
of hours, Instead of the eight experienced during the tria!

A sultable degree of flexibility, and equipment and communi-
cation diversity could be achieved by using multiple office facsimile
uri+s and voloe lines, even though these are of far lower theoretical
capacity than LDX and Telpak A  For example, six Xerox Te;ecopne*s
could be placed at each location Even though a Telecopier can transmit
only one page every six minutes at SO-Ipi resofutlon, multiple units
could be opsrated so as to provide a continuous transmission capa~

brlity of 40 to 50 pages per hour (see Table 93  This might equal
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or excead LDX througnout experience and provide two-way operation, at for interliorary loan service, where tT 1s unusual to expect that sever-

an equipment cost of $700 per month  This s dabout half the cost of one al recipients would want to receive the same documents at the seme Tim2

LDX scanner and printer, which can provide only one-way service

Furthermore, half the cost of the LDX experiment weni for communi-
cations Telpak A provides the equivalent of 12 telephone voice
channels for the price of 8, but six Telecoplers would nesd only hatt
of Telpak A's capacity Thus, cost savings of 20%, or $250 per month,
could be realized on the line charges Even more significant 15 that
acoustic couplers can be employed instead of phone company modems In
Talecopier operation This featurs alone could save 3938 per month
Thus, the ferminal expense required for LDX operation could be reduced
by 160% Also, Tn Teliecopier operation, communication [ines do not
have to be leased Thus, the switched telephone network could be used
with some of the Telecopiers to increase operational flexibility and
diversity

Given the aiternative of offlce facsimile equipment and ordinary
+elaphone service, 1+ seems that LOX and Telpak may have been unfortu-
nate choices for this experiment However, even though the cost of
facsimile service could be reduced to about 50¢ per page with the
arrangements outlined, this 1s st111 twice what users have stated
thay are willing to pay for the service {171) Could costs be
reduced further?

The availability of facsimile channels on a communication satel-
[1+e might reduce cecmmunications costs greatly, while adding the
valuable features of multipie access and distance independence  Alsc,

satellite - based facsimile provides a capability beyond that required

However, in public elementary and secondary education as presently
practicad, 1t ts likely that a great many schools would want the same
printed material at a particular time  Thus, the cost basis per 1tem
received could be distributed over many users  This might reduce the
cost per page below that of present in-school electrostatic copying,
because facsimile receivers could be run unattended

An 1nteresting porfion of Schieber and Shoffner's report i1s z sec-
tion devoted to comparing felefacsimile to alternative 1ndirect access
means, such as mall] or courter Break-even formulas are provided
(Table 13) which indicate that 1t may be better for a library to use an
LDX link--gxpensive as It 1s~in place of acquiring an 1Tem, f the
Item ts requested by a rush user less fréhuenle +han once in 30 vyears
Using a sitmi lar formula for conventlonal non-rush Interiibrary Toass
yields a breakeven polnt of once every two years, using the values
assumed 1n Table 13, where Z, the cost per conventionzl interlibrary
loan, ls taken to be $2 Thls means that 1+ would be less expensive to
own than to borrow non-urgentty requested 1tems only 1f they are
accessed more frequently than bltannually  And this 15 actually the
situation with the bulk of material In large college and research
Ilbraries

Howevar, within the last decade, |ibrarles acting as the main
lenders 1n fnterlibrary loan transactlons increasingly have stopped

sending their originals® through the mails, or even by private

*Excapt for books and other lengthy 1tems
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Assuming © = 2000, F =G = 810, K= 40, $ = $0 5, and A = $60,000, then X = 0 033 ysas/year
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Table 13 Library Acquisition {Direct Access) versus interbibrary
Servics {!ndirect Access) Breskeven Formulas  (after reference 171}

Likrary Acqulsition Versus Rush Interlibrary (LOX) Service

F+ G )
o(EEE + s
A

X =

= annual nurber of rush users of an Ifem owneg by a hibrary
= annual nurber of rush requests fulfilled vio LOX
= initial acquisitlion cost of 1tem owned by library

= life expectancy of [tem owned by llibrary, In years

annual storage cost of item ewnad by |ibrary

X
Q
F
G = processing cost of ifem owned by |ibrary
K
S
A = annual cost of LDX-Telpak A service

Thig reans taat +he library should purchase the Iiem only [f 1t expects wore than one rush

usa svery 30 years

Lib=ary Acquisition Yersus Any Tvpe of indirect Access
(by mail or courier)

F+G P
X = _.-.—li.—.-—.—-—-—-
z
where 211 varlzhles are the same as before, exceot that X now represents non-rush
users of an item owned by a library, and Z the cost par raquast via any indlrect

access method (matl, couwrier, facsimiie, efc )

Assuming Z = 322 for courier via awlo, L =1%? This means that library should purchase

Item only If it expects rmore than one use every 22 years

0f course, few Tf any acquisiticn lTbrartans are prescient enough to be able 1o apply
these forrilas beforehand However, they could very wall be used in detarmining what
ifems the library already owns should ba transferred to a loan col lection, such as the

Center for Research Libraries
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courter The reptd development of low~cost high-qual ity copying
devices has made this possible Therefore, comparisens today between
physical and electronic document delivery- should consider mailed
nonreturnable electrostatic coplies versus facsimtle—-not two-way
matling of original material

This notion was carried Yo 1¥s logical extreme by Heillprin in
his "D" (duplicating) library concept (248)  Such a librzry would
make copies of documents on-demand in preference Yo circulating
them ("C"~library) Heilprin constructed this economic mode! during
the early sixties, before slectrostatic copying became dominant
He found that the total cost of a duplicated page depended mainly
on the overall activity of a stored page {neglecting growth of the
collection, and the cost of borrowing money) He calculated that
the total cost per copied page would approach 4 cents as ‘the nurber
of copies duplicated approached the size of the collection, teken
over an operating period of several years He compared this 1o a
library circufatlion cost tn the range of from 25 to 50 cents per
vtem, which 1s considerably lower than intertibrary iocans, because
the Ttem dees not have to be packed and mailed at elther loan or
return Time  Averaging, it would appear that a llbrary should only
ctreulate r1tems contalning more than about nine pages per ftem,
which is quite close to King's 10-page assumption

On the other hand, physical delivery certainly retains the
economlc advantage when documents much longer than +ten pages are to
be transmltted The most extreme case would be the defivery of an
entire document collection, or “packaged !:brary" to a remote

location  As Simonds puts 1F
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" consider a Boeing 707 jet freighter as a trans-
misston chennel  Assume that we wish to ship extensive
liorary materials from New York City to Los Angeles
The cergo capacity of a 707 jet 1s 6,201 cubic feet
ket ws lcad the plane with microfilm on which textual
irages have been recorded at a modest reduction ratio

of 20 1 Asstmino that each page of text contains 5000
alphameric characters, then, *he plane would hold about
53 x 1013 pits of information (f we assume an hour for

loading and unloading, and 2 cruisino speed of 550 to
600 miles per Pour, the data-transfer rate (bandwidth of
a sort) would be sbout 2 5 gigabits per sscond (2 5 x
10° biTs per second}'!

"For a TELPAK D chanre! to carry that much information
would require about 20 months and would cost about
$2,700,000 The cost of the 707 jet freighter by comparison
wculd be about 310,000 and the total time of delivery
wculd be about six hours

"This exarpie, though offered with tongue in cheek,
1itustrates that we must consider very carefully the

desirabi Ity of designing a network of oniy electrical
transmission facilities " (249

However, Sironds has 1gnored such matters as how the 3-2/3 million
velures zre pat into microform  Allan Veaner of the Stanford Univer-
sity Libraries has estimated that I+ would take 150 man~years to
microfiim each mil{ion volumes (250) AT this rate, and assuming a
cost of $3C00/man~year, 1t would take 550 man years and cost 32 75
miilion To put +his si1ze {tbrary in microform Simonds alsc neglects
matertals, processing, and packaging costs, the cost of reading
devices and the 1nconvenience to the user of using microimages, the
probiems of getting copyright permission, and ‘the problem of how
22 mi1l1on mcrofiche are to be distributed fo thelr ultimate users
after the 707 has landed

Also, Simonds does not state 1n what electronic form the library

materials to be transmitted are 1n  This can make an extremely great
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difference in the throughput rate over a communications channel For
example, 1f the materials are only available In print, facsimile
would be the method of choice Given a somewhat minimal resolution
of 96 lines per inch, It would fake about 3 minutes (180 seconos) to
Fransmit one book page over the switched telephone network, or about
three-fourths of a second over TELPAK D® At the [atter rate, 30
yeers would be required to transmit+ the 3-2/3 mijlion volumes,
compared to Simonds' estimate of 20 months Thus, we must assume
that the materials to be transmitted are already digitally encoded,
and probably on high-density magnetic tape This would sntail 2
cost several times a@s great as the microfilming required for physical
transmission, so 1t appears that Simonds ts giving The bensfit of
the doubt To The communicaticns s'de of ‘the argument

However, Slwonds has assumed the use of Taelpak D , an ATAT
private~lina service of 960 KHz bandwidth, equlvaient to 240 voice
channels In Interstate use, Telpak A, C, and D services have baen
replaced by Serfes €000, 5700, and 5800 (there is no new equivalent
to Telpak BY A new service, the Serias 11000, 1s particularly
favorable for the fransmission of data, offering a rate of 230
kilobits per sacond for 2 price of $18 per mile per month (see
Table 14} This 1s equivalent to 38 5 megsbits per dollar (251},
or almost twice the value of the old Telpak D service This stili
leaves a 135 to 1 advantage with the 707, 1f costs of putting the
Information [nto microform or encodling I+ digitally 2re neglected

However, a strong counter-case for communications can be made by

choosing a much more cost affective communications medium than

- -
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Table 14 Selectod ATAT Intercity Leased-Line Servlices and Ta

P

service deslignation

tartffs (per month unless >therwise noted)

thalf-duplex use baul.%)

vi
zone, :::mlﬁgl $/terminal I¥géca:’mon+gli tart ¢ y
class seriesl type purpese miles $/mile’ type miies, orminals
narrovband 1st 100 140
1000 1001 remote metering, etc next 150 o8 140 + 60 = $200
1002, 1003 TTY, radlo telegraphy | next 250 56 25 - 31 25
1004 FX TTY next 500 42
1005 TTY, TTS, etc > 501 28
1006 TTY, FX TTY, ete 13 75 add*| 140 + 87 50= $228
vaicesang
2000 2001 voice ist 25 300 send & recelve 1 5o 2250+ 25= § 48
35c0 ez data next 75 210 100 p -25 22 50 + 45= 69
4300 4002 Telephoto/volce? next 150 150 202 40 - 350 2250 + 90= 113
hext 250 105 201 75 22 50 + 150= 172
2 501 0 75 203 5 200 22 50 + 400= 423
5C00 (60N ) audle transmission 4 00(1st day) 6 75 (1 day)
(6002, 6003} (for network 2 00 (each add'|
6004, 6005 radio 6005 consec  day}
(5008, 6007 transmisslaon} 18 00/mo  (max ) 90 00 (max ) 1800 + 180 = $1980
6008, 6009 10 00 (1st day) 12 00 (1 day)
6009 "3 00 (each add'!
consec  day)
30 00/mo  {max )} 156 00 (max } 3000 + 312 = 3312
wideband
8000 8800 voice, data, fax 1st+ 250 15 00 EBO3 425 1500 + 850 = $2350
(in any combination) next 250 10 50 ) 8801 425 1500 + 850 = $2350
> 501 7 50
5000 5700 " - 30 00 5703 425 3000 + B50 = $3850
5701 425 3000 + 850 = 3850
5751 650 3000 + 1300 = 4300
11000 11048 " same tarifts as typge 8300 1500 + 850 = $2350
11240 18 00 11243 730 1800 + 1580 = 3380
11241 790 18G0 + 1580 = 3380
11244 870 1800 + 1740 = 3540
000 5800 1 85 00 samo teriffs as 38500 + 850 = 39350
type 5700 8500 + 1300 = 9800
7000 7001 TV Tnterexchance 12 10 {15t hour) T80 (st hour)
! channel 3 4 40 {each add') 147 leach add'
i hour) hour}
! 42 90 {8 consec 1,029 (B consec - 1
hours) hours}
858 (8 consec hours, 17,160/8 consec hrs
20 day/mo ) 20 day/mo} B5000 + 17160 = $102060
7004 ETV{ I nterexchange) 27 50 (1st channef)?® g 2750 + 63 = $§2813
12 50 (2nd or 3rd)? {minimur confia ?
10 00 (4+h or 5th)

anita1n 2ry series and “ype,
r lense charge 15 a5 stoted,

-zgardless of type of *erriral terminels are 350 each
Sior mon~hly sa-vice, same hour every day 7 davs a week,

2for this service, add
332 +o basic rate,

~ccms onat sarvice, 30 55 par hour per airline m le
and $26 25 per hour for each Term nal

% for full~duplex use, add 10%
Sairline rlie basis

Salse avallable In send-only,
$100, 2nd recerve only,$17%

7 trom Shai non-Ha=tiey law,
€= B leg, {1+ 5/N}, assuming
S/N = 250/1, or 24 db above
ressage circelit nolse, N

Bcolor capabi‘ity avaitable
for lst ¢~ 2nd channel st

154 hlgher tari+f

9 for each signal §
$40 for l1st chan
6th,also, channel
lecatlon for the
also, a dlstrlibut
plus $1 25 per ou
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Telpak or Its equivalent--commercial television The theoretical
information-carrying capacity of any channel can be calculated from
the Shannon~Hartley law (252)
C =B log, (1 + S/N)

where C 1s the channel capacity in bits per second, B 1s the available
channe! bandwidth 1n Hz, and § and N are the powers of the signal
and noise tn the channel, respectively, 1n comparable units Lf
B =6« 10°, and S/N = 20000 to 1%, € = 6 x 10° x l0g,(20000) = 8 4
% 107 bits per second |f S/N 15 only 2000 to 1%, C = 6 6 x 107 brts
per second [n an actual channel using today's technology, one would
do very well to realize a third of this 22x IO7 bifts per second, or
8 x 1010 bits per hour Rounding off, one can say ‘that a broadcast tele-
vision channe! has The capacity to transmit up to B0 gigabits per hour

Assuming 2 program production cost of 350,000 for an hour's
Telecast, and @ total audience of 10 million viewers, telavision
can daliver and present the equivalent of 80 gigabits of informaticon

to each of 10 million individeals (a fotal of 8 X 1017hub1fs) at

a cost of only 6 3 x 10°'! cent per hubi+!

The hubst, a umit 1nvented by Richard Meler, Is defined as
follows "A hubit 1s a bit of meaningful information received by
a single human being According to classical Tnformational

theory, the receipt of this knowledge by an extra individual is

redundant " However, Maler goes on to state that hubits measure

*Actually, S/N ratios are usuatly glven 1n decibsls The Television
AllocaTions Study Orgenization (TASO) has stated that a grade |
{excellent) picture requires an S/N of 43 db, which s equivalent
to about 20000 4o 1, and that a grade 2 (fine) picture requires
33 db, or about 2000 to 1
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the values of messages to individuals 1n an nteracting population,
so that al!tnough the cultural record, or information "capltal", Is
properly measured 1n bits, the per cepita flows of these records
should be measured in hubrts (1535, p 131)

Using the hubit measure, communications |15 seen to compa~e much
mora favorably with the physical delivery of 5 x 1013 bits to only
one logation That 1s, comparing Just production and fransmission

13 bits 1n 6 hours for 5 5 x 1070

costs, the 707 delivers 5 x 10
cent per bi#, while +elevision could deliver 8 % 10r7hub:+s in
1 hour for 6 3 x 10'-11 cent par bit, or 16,000 times more infor-

mation per capita at one ten-thousandth of the cost Of course,

without the hublt duplication factor of 10 miilion, atr=11fted
microfliche would carry 630 times as much information on a per-

hourly basts, at a cost only 3% that of commerciaj television

However, as a rivel to the 707, a much more valid corparison 15 with a
polnt-to-point communications llink, such as AT&T's Type 7001 television
Interchange channel service, which for occasional use, ts only $1375 per
hour for a 2500-miie hookup, or less fthan 5 x 10~6 cents per bit (see
Table 14, fn 3} In any case, no useful purpose Is served by comparing
entartalnment television with textual meterlals tn microform -~ nor
by the type of comparison made by Simonds It 1s easy to slant paper
studies one way or the other by changing the assumpran, parficularly
when one system 15 put to a task for which I+ Is lnherently ili-fitted
Returning to the simpler case of 10-page requests, and assuming
that the lending library can absorb all copying, handling, and

mailing costs at a charge of 10¢ per page (this would be a very
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efficient operation), the cost which must be bettered by facsimile
15 not the interlibrary-loan direct costs ($1 82 in 1960, and probably
close to $3 today), but onlty about $1
Howaver, there are few 1f any flat-bed scanners in use (n
librartes, even though such investigators as King have pointed out
the eritical imporfance of this device to cost-effective facsimile
transmissicn for hibraries |¥ the document page to be transmitted
must be fed into a sloT or wrapped around a drum, a copy must first
ke made of the original Then facsimile costs must be added Yo Those
of electrostatic copying, except for postage This makes facsimile
for such use difficult to gustify for all but the most urgent
document requests
Some types of flat-bed scanners are now available {(see Table 9)
One caoable cf transmit+t+ing a book opening (iwo facing pages) would
certainly encourage |ibraries to make facsimile fransmission the
preferred mode of dellvery for interilibrary requests between high-
volume nearby points (1000 requests & month or more, and from 10
+o 50 miles spart)
473 Circulation Versus Electronic Transmission of Educationa!l Media
Surprisingly, the electronic transmission of nonprint media has
not been given nearly as much atfention as that of print via facsimile
However, an early but very detailed comparative study of the costs
of providing auditory aids 1n the classroom by broadcasting, telephone,
and phonograph records was done by Hogan and Wilmotte for the Committes
on Scientific Alds Yo Leerming (253)  Cost surves were drawn for

three cities Baltimore, Denver, and Tulsa To get an indication
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of therr results, the case for distributing 20 ten-minute proarams
per day fo 160 Bzltimore schools will be considered The provision
of phonographs and recorded programs would cost about $15,000 annually,
while broadcasting or felephone hookups would be about three Times
more expensive Other cases show similar ratios  This 1938 study
concluded that over a range of daily program volumas from about 5
to the maximum poss:ble, about 40 programs, the physical distribution
of phonograph records to individual schools was far cheaper than
any other method Radio via commercial broadcasting was censistently
fwo to threa times as expensive The use of school-owned UM broad-
casting stetions or leased telephone lines was relatively volume—
independent, but always at least twice the cost of phenographs and
records

The only extenslve study found deallng with the use of tetevision
bandwidths for the transmission of a variety of educehional redia
was an Office of Education funded feasibt ity study by Andereck et
al (158-1860), which has been mentioned 1n Section 4 2 4  Andereck
1s head of a cooperative audiovisua! service for the schools of the
St Louis suburban area He found that during 1969-7Q, 11 cost the
cooperative an average of 31 96 to circulzte a 16-mm motion picture
film, using a fleet of trucks (254) In 1965, the first phase of the
North Circle Pliot Project, 1t was estimated that 4-channel ITFS
equlpment could be provided to one classroom in each of 200 schools
for $21,000 per year Assuming an equivalent personnel cost, total
costs might reach $50,000 a year |f the system was used two~thirds

of the time, or 16 hours a day, to distribute films in place of the
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truck fleet, The cost apportionment to this service would be about
$30,000 Assuming a school year of 200 days, this 15 only $150 per
day |f fiims were transmitted "at speed", 40 to 50 fwenty-minute
programs could be sent per channel, or 150 to 200 using all channels,
at & cost of 51 50 to 2 00 per film, competitive with the cost of
truck circulation, which was $1 70 per 1tem during 1964-65

However, at that time, low=-cost color videotape recorders were
not available Even todey, the provision of 200 of them would
orobably bring the cost of the "television is a Truck" system close
Yo $100,000 a year, doubling per program cost to zbout 83 to §4 an
tfem YWhether this added dollar or so expense per rtem Is worth the
convenience of electronic distribution must be decided by +he scheols
which support the cooperative However, again the [ong-term trends
favor this development against the more labor intensive fruck system

in 1965, Sovereign wrote a thesis on "Comparative Cost of
Instructional Television Distribution Systems™ (255)  Alternative
systems considered were airborne television, with and without micro-
wave relay, networks of UHF broadcast stations, by microwave relay
and by videotape exchange, an ITFS network, and closed-circuit systems
For each of these disiribution systems, one, ‘wo, four, and siX
channels of felevision were costed for both one-shif+ and two-shift
operation Costs for the preparation of the instructional matertals
themsslves were not considered, nor wers costs of terminal equipment
such as felevision sets, individual artennas for these sets I needed,

etc
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Results of this study showed that the lowest cost system was
always an airborne broadcast station (1 e ,MPATI), whose annual cost
per square mile of TV distribution for six channels was calculated
to be $15 72 This was closely followed by an airborne broadcast
station with microwave rslay at $17 42

Without the alrborne capability, a big jump In cost was found
ITFS stattons with microvave relays cost approximately $40 per square
mile, and elther ordinary UHF television broadeasting using a micro-
wave network, or UHMF broadeasting using a videotape network,cost over
$50 per square mile annually for six channsls Under these same
assumptions, closed-circuit costs totalled a huge $163 However,
ITFS or closed-clrcurt costs should not Increase appreciably with
two-shift use

Sovereign, continuing to work in the area of his thesis for
General Learning Corporation, has completed an exhaustive study of
the cosfs of various educational media systems (75, 256} This study
indicates that satellite-based television has a |ower per student
cost than any of the above systems in covering a region equivalent
to one=flfth of the Unlted States, and serving tten million elementary
and secondary students

In conclusion, there is every indication that broadeasting has
provided--and will continue to provide a cost-effective alternative
to physical distribution for many types of printed and audiovisual
materials However, wtth a trend in the direction of more Tndlvidu-
alizatlon 1n education, 1t remains to be seen vhether this advantage

can ba maintained In any case, over the longer term,the breakeven
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point between electronic and physical fransportation 1s expected to
favor the former Par-unit costs of electronics equipment continue
to go down, and operation”should become more and more automatic (257)
in contrast fo this--and despite large research and development
efforts (258)}--physical distribution will probably contfinue to
increase in per-unit costs, 1f only because of its besically labor-

intfensive nature
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5 A SATELLITE~-BASED MULTIPURPOSE EDUCAT!ONAL SERVICE

5 1 INTROOUCTION

In grevious chapters, a varlety of educational +fachnology and
communication media are described This chaoter outlines n qualita-~
tive terms how such media and technology might be utilized tn a
multipurpose educational sateliite service

In presenting the detarls of such a service, the basis which has
been chosen s one full-motion television channel  This television-
equivalent (TVE) bandwidth can accommodate a multiplicity of sub-
channels for @ variety of media, such as audio only, stiil-pieture
felevision, etc

The concept of a TVE channe! Is used hers only for a qualitatlive
exploration of the use of media and technology in gongunction wlth an
educational satellite This study does not address the Issue of what
the quantitative telecommunicetions requirements might be to meet
educational needs In the United States  Furthermore, it does not
address ‘the Issue of how many TVE channels might be avallable from
satellites designed primarily for commerciai purposes Plans for a
number of such satellites have recently been filed with the Federal
Communications Commission These latter Issuaes are under Inves¥igation
by other researchers 1n the Washington University Satellite-Education
Frogram
5 2 SERVICE DESCRIPTION

Figure 17 deplcts schematically a multipurpose educational

satell1te service
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Six general typas ot aducaticnal program sources ars shown

i Television, whare the ful! repertory of sensory capabi|itles
are nesded for instructlon Included are 1ive felevision,
videotspe, motion pigturas, and such new forms as video
cassettes and discs

2 Stili-picture television, where motion 1s not required
Inciuded are sound filmstrips and live telelecturss
uti1fizing cecordinated siide sequences

3 facsimile {gtill pictures or text) where neither motion
nor sound 1s required Included are slifdes, filimstrips,
+ransparencies, and opaques in black-and-white, functicnal
celor, or full color

4 Telewriting, where biackboard-quality drawings are suftliclent
for instruction, with or without accempanying [ive audio

5 Audio, without accompanying pletorial or toxtual materlal
{ncluded (s (ive redio, audiofape, and phonograph records
+ransmitting the spoken word, music, natural and artificial
seunds, and combipations of these

<] Data, which may represent encoded text, numericeal quantl-
ties, instrument readings, or control signals Included
are “elograph messages {electronic mall), and data generated
by or for computers such as deta bases, calculated results,
and programs

Few 1 any ground transmitting stations are axpected to have the

capabi l1fy to fransmit ail six types of pregram sources However, If

there s & variety of such types teo bs transmitted from one station,
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particularly 1f there are prioritlas +o their transmission, some form
of autonatic control 1s necessary to handle gqueues and 1o Insure
maximum TVE channel uttlization Control functions, as well as
addressing, accounting, and simple reporting requlrements may be
performed by means of a small computer or special-purpose controller
Maxiowum utylization of the channe| [s zided by multiplexing +he
signals from varlous types of sources The multiplexed signals are
amplified and made o modulate an ultra- +o super-high-frequency
carrier  This compesite signal is then relaved 1o the satei{ita from
a directed antenna
The satellite picks up the sfgnals, which may be coming from a
number of ground transmitting stations, and amplifles them Some
frequancy conversicn may also be done zboard the satellite +o
min:mize interferanca with Inceming signals  Then the signals are
radiated towards the ground, where a large number of ground receiving
centers store, process, and forward various fypes of signals for
ground radistribution to schools, mebile classrooms, community
centers, libraries, auditoriums, and the 1ike
For i11lustration, Figure 18 deplcts a ful l~comp|ement ground
raceiving center However, it 15 not axpected that any actual station
would have every possible facill+y, and many may be capable of
recaiving and redistributing only a few of the many types of programs
shown
Some types of signals, such as tolegraph messages, are addressed
to particular recipients, while othars are broadcast signals for
general use Selective rece pt of broadcast programs Is alsec possible,

@s discussed fn Section 2 4 4
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Sighels from the satellite are picked up by a directed antenna,
and zmplified and demodulated 1n the receiver Then the informatlon-
carrying signals are demultiplexed Tnto their component types of
program sources A full-complement center must provide storage for
.each Type of program, and also may provide certain types of processing
A minicemputer or soecial-purpose dtgital controller 1s used In this
syster to insure ‘that the varrous types of signals are properly distri-
buted +o different storage devices, as well as to provide for local
cortrol and computa*tional needs

Again, there are six basic types of program reception storage
facl l1fTies, corresponding to the six program sources All of these
have "live" bypasses except for still-picture felevision which
requires buffer storage and conversion, and facsimile which 1s real-
tire but slow  Furthermore, because there Is expected o be a consi-
derable diversity of receiving devices In schools, community centers,
etec , both closed-circuit and broadcast types of redistribution
are shown for nost program types For-example, 1f there Is already
a closed-circuit television system within a school which uses menitors
as the display terminals, unmodulated video and audio may be dellivered
On the other hand, tf a school 1s sef up to receive only over-the-air
programs, stored television programs must be r-f modulated before
they can be utilized by ordinary television recelvers However, it
rust be remembsred that Flgure 18 Ts highly schematic, and that un-

less a school 1s quite close to the recelving center ( a couple of
mt les at mos®), modulated video may be preferred, in which case a

schooi having only ronitors would have to use a demedulator locally
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Some types of programs may not bs redistributed etectronically,
such as facsimile and volum nous digitel deta In *hese cases, the
expenstve termtnal equipment 1s cenfrally located, with resulting hard
copy or microforms locally deliverad by courier However, telegreph
messages ("electronic mai!") usually are considerad wrgent, and are

distributed electrontcally via wire or ITFS

if the full-complement ground receiving center shown makes use
of a general-purpose computar for the digltal-controller function, and

tf Tt Is of sufficient capaclty, T+ may also be a so.rce of shared

computer power for lacal schools and other community educational
facilities Such functlons as computer-assisted instruction (CAl),
computer-managed instruction (CM1), data-base interrogation, desk
caleulator capabl!llty, and +time-shared and remotae-batch stored-
program computing may ail be accommodated, given +the proper mix of
central processing uni+ (CPU) capabl!lity, cormunication facilities,
and ferminal capabilities Only a few of the many on=-{ine and
off-line modes of use are shown I1n the diagram + should be noted
that most 1nteractive and computatlonal functiors are performed by
the local CPU, and that no return path to the satellite is requlred
Howavar, certain centers may have a modest transritti~g capabi ity
to send control and accounting data fo other centsrs, either via
existing common~carrier |inks or satellite
5 3 EVOLUTION OF THE SERVICE

At the first stage of development, only a fex aground transmitters
might ba deployad These might be best chosen -rom smong éxisting

educational medla faci|1ties, such as the National Information Canter
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Tor Educational Media (NICEM) and the National Center for Audio
Tapes  Other centers, such as the Midwest Program on Airborne
Television instruction (MPATI}, the National Instructional Telavision
Cenfer (NIT), and the Great Plains Instructional Television Laboratory,
have bui bt up large collections of videotaped instructional programs
The latter has recently added an electron-beam recorder for copying
black-and-white videctapes onfo 16-mm motion-picture film This
capabi | ity might be adapted for input to a satellite-based distribu-
tien service

Each site could be provided with approprlate editing equipment
to enable materials to be converted to a form suitable for satellite
communications and storage Also, conslderable instructional material
on films and videotapes might be edited 1n such a way that a sequence
of still pictures could be drawn from the programs, and modified
narrative developed to accorpany 1+  Such "abridged" programs could
be transmitted at a much faster rate than the full program and would
+ind use for previewing and reviewing,as wall as In their own right
when the original program did not reafly require 100% full-motion
capabi1ity

At the end of the first year of sateilite operation, three to
five si{es could be transmitting programs, with perhaps a hundred
schoo!l systems and communlty centers on the receiving end These
initial receiving locations might be picked on a stratified random
sample bas:is, to obtain the maximum amount of evaluaticn data  Some
should be located In major metropolitan argas, soeme 1n small cities

and towns, and some in rural and remote locations The latter
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require special attention, because cperational personne! may be
particularly hard to place In these remote areas

To serve the greatest user populatlon--and thereby spread the
costs most widely~-the eventual goal for an educational satellite
would be coverage extending over all of North America Sending
channels might be assigned on a proportional basis, such as according
+o the number of school-age children [n each country However, each
country should be assured of at least a minimum sending capabliity-—
perhaps two zudlo and one visual subchannel--regardless of thelr
population, so that they actively participate

Special efforts should be made to develop cooperative programs
with our Canadian and Mexican haighbors It would be difflicult to
exclude signals from border portions of these countries in any case,
and an educational satel lite with multichanne| capabillty could
stimulate cooperation, because both French and Spanish language
materia! could be broadcast This could provide advantages
for US forelgn—language Tnstruction
5 4 APPORTIONING THE USE OF A TVE CHANNEL

In commercial TV practlce, the broadcast day 1s from6 am to
1t am, leaving at laast 5 hours unused let us suppose we broadcast
24 hours a day (see Table15) and use a TV channe!'s bandwidth for
non-TY purposes a third of the Time--8 hours a day

Assuming that a communications sateliite is in orblt, the mar-
ginal cost of using 1+ 24 hours a day, 7 days a week, ls minfmal
Of course, this would not be frue 1f we had to employ ground personnel

at all recsiving stations 24 hours a day However, many services

- -
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Table 15 Faucational Sateilrte Service Schadu le

¢gay, the underlened
tAssuming one TVE channel 1n oparation 24 hours a ,
prcgia; glo?s are for services alternative To full-motion Television)

- -

Midnight - 6 am Scheduleg raterials drsiribufion
Still pictures ) ,yproximately 50
Eggzlmi1e }'To 100 subchannels¥
6-8am AdulY VTV
gam - ncon Ltve in=school 1TV
noon - 1 pm Live telelactures

interinstitutional stiil=plecture teievision

teacher training 50 +o 100 telewriting,
commynicatfon and audio subchannels®

Te legraph messages and announcements

1-3pm Live In-scheol TV
3~-4pm Liva pre-schoel TV programs
4-5pm Specialized adulf programming
vocational education and counsel 1ng
consurar education
& -1 pm Genaral adult programming
public affairs and discusslon
MW=-1lam Specialized adult programming

professional groups
hobbiest groups

Mpm - midnignhT Live intersngtifutional comnun!cations, 50 to 100

Yelewriting, still-picture telavision,
and audio

¥The exact number of subchanneis possible depends on the mix of services,

and The technical factors discussed in Saction 2 4
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other fhan real-fime full~motion teievision can be stored for later

access 1n unattended ground stations
-

One possible schedule is given in Table 15 This example uses
one TYE channel As has been noted, cne TVE channel! can be used for
the fransmission of one full-motion color teievision progrem, or
alternatively for fransmitting a muitiplicity of other programs which,
+aken together, require the same or less bandwidth

In this schedule, two-thirds of 2 calendar day have been alloted
fo conventional ETV/ITV broadcasfing However, the remalning one-
third of the day is devoted to alternative types of educational
programs and sarvicas

For example, Tn the midnight 0 6 a m slot, various subchannels
are devoted to scheduled materiais distribution to school systems,
such as stlll-plcture television programs, facsimile transmission
of documents, texts, and workbooks, and data-base and compufer
program transmission As educators bacome mora acqualnted with
the vast powers of the corputer, they may find iT useful to receive
data bases and programs for use locally  For such purposes, time-
multiplexed digital channels would be idsal -

From 6 to 8 a m , adul+ 1TV programming is broadeast, and from
8 am until noon, live, In-scheol ITV

However, from noon until 1 p m , the TVE satelllte channel is
devoted to multichanne] telelectures(]52) for In-service trainling,
inter-institutional communicatlon (137, 151) ,etc  Many different
telelectures may be broadcast simultanecusly, accompanled in some
cases by a variety of visual aids Such a system ls now in use at

+he Unlversity of Wisconsin for madical slide~lectures to remote
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hospttals—-up to 120 miles away A single sTill-piciure color fele-
vision channel 1s made avallable via dedicated telephone Iines (259}

This 1dea would be even more Intriguing if some means of feedback
could be provided (260) Thigs might be done with Touch-Tone pads, 1f a
simple response capebi |ty wiil serve It is also possible that a
reasonzble gauge of audience reaction could be obtained by sampling
those ground receiving centers which are capable of sending back a
|Tmited-bandwidth digital and/or voice signal via satellite

From 1 o 3 p rr , more in-school 1TV i1s broadcast, after the
regular school day,preschool programs, such as the currently popular
"Sesame Street" (261), would be alred from 3 toc 4 p m

The time slot from 4 0 5 p m 15 used for speclalized adutt
programming ot particular intersst to the housewife, such as consumer
programs, and for vocational education and counseling General-
interest evening programming 1S alred from 6 fo 10 p m

From 10 to 11 p m , spacialized adult programming Is sent This
may differ totally 1n 11s projected audience from day to day For
example, one evening might be concentrated on items of interest to
doctors, one on items of interest to lawyers on another, and so
forth  Also, amateur or hobbrest Interests can be served

Finally, the slot from 11 p m ‘to midnight 15 used for inter-
instytutional communications, using various mixes of still-television,
telewriting, and audio~only channels This material could be stored
locally for access by the institutions the following day

Instead of breaking down a single televislon channel (nto a

multiplicity of channeis, another way Yo utilize still pictures 1s
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to employ FM radio channels  Each FM channel 1s 200 KHz wide,
including guard bands Using half this bandwidth, i+ would fake
about two seconds to fransmit one television-guality stiil picture,
theoretically Subsidiary Communications Authority (SCA} 1s an

FCC category for commercial use of subcarrier frequencies not used
in FM stereo broadcasting, Musak beirng the best known example (262)
Exhaustive histories of SCA are given In two theses (263, 264)
Pictures sent by FM subcarrier could be stored at receiving locations
to be accessed as wanted (265) At least one system of thls sort
is known to be in development by Educasting, !nc , (266) who term
1+ "PictuRadle™  Such a system could Increase flexibility and
economy, 1n that there would be no 1mpetus fo use more bandwidth
than Is needed at any particular time

I'n both the TVE and the FME (FM equivalent) systems, receiving
stations must have equipment capable of speed-buffering the picture
signals, storing coordinated control and sound signals, and then
sending these out later over open clrcurt, microwave, or cabte
|inks for reception on unmodified television receivers  Such
optlons can greatly Increase the flexibiltlty of the televiston
medium from the users' stardpoint
Eventually, demand access To materials may be provided, perhaps

via "Touch-Tone" telephone terminal (267), so that each user can
recelve materials when and where he wants, use them, and once used,
"forget" them  In such a system, there need be no bookkeeping,

paperwork, or physical refurn in Appendix 2, 1T 15 shown that
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additional channels are not necessarily required To provida this
degree of personalized service
55 A SATELLITE-BASED CURRICULLM
What does a greatly expanded capacity to +ransmit l1ve and
stored massages all over the world mean fo aducation? Satellite
+echnology has the potential to change many aspects of our ex|stenca~-
and therefore our education, but we reed To develop a whole new
set of skills end attitudes to utllize this capabllity effectively
Some examples from our present subject-oriented curricuium may
serve to show thi1s  One or the most obvious sate!lite~related
subjects 1s geography This generation is the first to have seen
+he world from the oufstde, and only this generation, perhaps, ts
comtortabie with this global perspective In the future, a teacher
could choose from a |ibrary of recorded satellite views of the earth,
or occasionally provide a highly dramatic and motivating live view
of the earth A high-resolution camera aboard 2 primari ly communi=
cetions~oriented satellite could provide this, or signals from
existing weather and esrth-rescurces satellltes could be relayed to
+he educational cormunications satellite for broesdcast to 11s recerv-
ing stations

Other subjects which satellite fechnology may influence directly

are matheratics end science Solid geometry and spherical trigonomatry

are essential fo describe the paths of space vehlcles, and the ex-
pleration of outer space has entailed much basic research and the

developrment or whole naw Technologtes
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Less obvious Ts the impact of satellite technology upon the
social sciences and the humanities White from the far-off van'age
point of a satellite, we cannot discern the microcosm of human
activities directiy~—except for the most destructive--the very
nature of a satellite as a truly international object must change
our view of law, of languege, of politics, and perhaps even of
government

Effects upon the arts are even less pradictible, but satelli*es
should enable all +the world's peoples to share each others cultures
on a day-to~day basis While there have been so-called internatic-zl
art movements before, they wiil truly begin to 1lve up to this
billing oenly tn the satellite era
55 1t Shertng Intellectual Wealth

One of the most hopeful aspects of satellite technoloay Is 1ts
ability to share the intellectusl and sducational wealth of the
developed countries with +the rest of ihe world Vifal inteilectual
resources, such as large research libraries, are almost completely
lacking 1n the developing countries (130}  As shown 1n Figure 19,
fhere 15 only one mtlllon-volume {ibrary in all of Africa and only
one in South America

Again there 1s a trade-off to be made here between fransporiavion
and communication Mo lenger will schelars, scientists, and states~
men have to expend time and money for trave! +o exchange informa*ion
Rather, from their own communtties, requests for informatior can go
out over the satelltte network Acting as a truly global (nter-

ilbcgfy_loan service, satellites can locate a ltbrary which has the
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information sought, and relay the desired information to the requester’'s
tocation-~1n the time 1t takes today just to fill out the request
Simi lar methods can be applied To instructional materials, but
here, because we are dealing with entire populations, "people buffers"
. become even more important Indeed, fo use satellites effectivaly
'n educa*tion, or even just to distribute educational materials, we
rust have trained pacple on the ground One of the first and most
difficalt Fasks will be to "bootstrap" the development of such pecple
in the third wvorld
One might +hink %o get around +this problem by allowing the
greatesT portion of these materials to be self-instructional, but
se |f—instruction requitres greater user sophistication than materials
med ated by a trained person, particularty for beginning learners
The progren writer cennot foresee all possible responses, and even
were this possible, implementing such versat:lity would be prohibitive
Also, 11 may be essential for children to have grown up tn an
Information-rich home eavironment--or +o have e«perienced the equi-
valent I1n preschool activities outside the home or via telovision——
before they can use self-instructional materials effectively
Therefors, while the importance of programmed self-Instruction
1s unquestioned for meny purposes, overcoming initial hurdles of
literacy and sensory-motor development wlll probabily continue to
demand those skills and talents that are unique to the human teacher
A large part of foday's learning experiences involve the cognitive
ard affective domains, but underufsltze psychomotor skilfls  When

we Fsach such arts as cookery and cosmetology, The tongue and the
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nose become more important sensory inputs than the eye and the ear
However, these subjects cannot be taught properly without real-tlme
and hands-on interaction with the subjects of instruction Stili
more so, when our cobjective 1s primar:ly the acguisition of psycho~
motor skills, such as in parnting, in playing musi¢, In learning fo
drive, and to typewrite, we must obtain the actual "feel" of the
situation

Psychomotor experiences could be made avallable to learners
inittally by the use of simulators~-but eventually they require access
to "the real thing" Thus, 1t 1s of great importance to find out
what parfs of subjects are best taught by auwdiovisual rethods, and
what parts demand more compatible means

Although a surprisingly large part of ‘the academic curricuium
may be presented by audiovisual techniques, a slgnlflcant portion
of vocational subjects cannot be learned by sight and sound alone
However, the proper combinatlon of good audlovisuals with "hands on"
manipuiation may be the answer--ang probably do i1t better, cheaper,
and faster than by elther method alons
55 2 Vorld-Wide Impiications

Because a properly placed ring of satellites can "see" all parts
of the world at once, we have greatly increased the possibility of
trading transportation for communlcation This i1dea was notably
explored by Arthur G Clarke in his book, "Protfites of the Future"
(268) in 2 chapter entltled "World Without Distance", he discusses

"teleportatlon™, or instantaneous transport While our present
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understanding of natural laws does not permrt teleportation of
metter, 1t does for energy--or information

As Clarke says,

"What we send is rntormation--a description or plan which

happens to be 1n the form of electrical waves——from which

the original sigh*s and sounds can be recreated "

Furthermore,

"As comrunicaticons improve, until all the senses--and not

rerely visioen and hearing-~can be projected anywhere on

the face of tha Eartn, men will have less and less rncentive

to travel  Teleccrmunication and transportation are op-

posing forces "

So all-pervasive are ‘the ramifications of thls notion that it 1s
difficuit to separate out fthose matters 1n the communications versus
Transportation baitle that are uniquely educationat  For example,
as we have seen, satellites can provide an "electronic mai{" service
While this 15 not likely to change local service {1 e , within a
single communtty), 1+ can bring the world to every doorstep Indead,
the fotal +ime from droppirg "mai 1" into the satsllite postal "box"
unti i 1ts delivery on the other side of the world should not take
longer than Yo get today's physically embodied ma1| from one side
ot town to the other

No ore can foresee how such services wi!l affect our way of
life=-nor our educatien However, somse things are certain to be
changed Perhaps the most important of these is language More than
any cther form, satellite communication tmplies world communication,
but & single human language for world communication weuld seem

egsential  Given the need,1t 15 possible that an  International

2untliary language, perhans In pictorial form (269,270), may be used
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for international cormunreation via sateilite, while retaining

nattonal languages for communication within each culture
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5 CONCLUSIONS AND RECOMMENDAT | ONS

5 1 [NTRODUCTION

in this chapter, some conclusions will be drawn frem the informa-

+ion gathered and analyzed In ihe main body of the report Thase
conclusions are arranged in an order similar o that of +he major
civisions of The repert, with The fol jowing soction head!ings

6 2 EDUCATIONAL TECHNOLOGY AND COMMUMICATION MEDIA

63 STILL-PICTURE TELEVISION

6 4 COYPUTER~ASSISTED TNSTRUCT I ON

65 ELECTRONIC VERSUS pHYSECAL DISTRIBUTICN

6 6 MULTIPURPOSE EDUCATIONAL SATELLITE SERVICE
At the end of zach of these sactions, recommendations for further work
are given
6 2 EDUCATIONAL TECHNOLOGY AND COF “MUNICATION MEDEA

Bducation today represents ome of the iargasT public expenditure
segments (n The United States During vhe 1969-70 schoel year, The
educational share or the GN° rose to 7 54, but the rate of growth of

this segment is siowing down IR particular, the publie is reluctant

+p increase their Taxes furthar +o support sducation, and 1ncreasingly
s asking fhat schools be held accountabie for the revenue They
recetve 1n tarmws of measurable sfudent ach ievement

Public elementary and secondary aducation s severely lzbor-
intensive, with fwo-thirds of current expenditures golng Tnto

Instructicnal staff salaries One possible way fo make education

less labor-intensive s TO increase the utilization of technology
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for instruction  However, the economic and social implications of any
large~scale movement in this directlon requires careful consideration

With few excepTions, the introduction of instructional +echnology

into U S8 schools has been uncoordinated, 1neffective, and piecemsal
To bacome more effective, instructional technoloay must be establlished
ot an intearated, total-systems basis, with broad support from +eacQ§55,
administrators, and the public, as wall as locna-term commitment from
school boards

Media diversity 15 essential 1f 2 wide variety of student
characteristics and instructional situations are to be sarved in an
economical mannar However, to utillze the wide variety of media
avaifable, an understanding of the characteristics and |imltations
of vartous madia types on the part of educators 15 essential In
particular, madia charactertstics must be related to sensory capa-
bill+les Also, as telecommunicatiaon facllities becomse avarlable
+o educstors, 1t is rmportant to match thair charactertstics to
those of tha media to be transmitted A comprehensive summary of
educational media and their sensory capabilities has been develcped
and tncluded 1n chart form for this study (see Figure 3 )

By Itself, ‘the provision of an educational communtcations
satellite is not likely to change any of the conditions and attitudes
presently hindering the utilization of educational techrology
These cendl+tions and atiitudes must be changed 1 communications
satel l1tes and other Innovative technological devalcpments are fo
find thair way into the formal educational system beyond the token

leve] A great deal mora attention must be glven to the provision
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of adequate and aftectlve software for uSe in large-scale Instruc~
tiopat systems than has bDeen ¥he c¢ase in the past

b¥ is recommended that actual experience with the use of experi~
mantal satellites, such as the ATS series, be made avallable fo ¥ §
educaters, so that the advantagos and disadvantages of satel|lte-based
educational services can be defermined befors widespread use |s attempied
Experlments have been preposed for Alasks, the Western U S , and the
Pan-Facific by W Wigran of the Natlonal Education Association at a
Conference on Educaticnal Satelbitas at Nice, France, during May 1971

I+ Is also recemmended that careful cost studies be made of
various ajterrative metheds of distributing instruchional program-
ming f warranted, experimental work might then be initlated on
promising matheds of utilization of satelllte-based channeis,
fnveiving such media as still-picture television, facsinlle, and
data transmission in addition to conventrons! radio and ‘elevision
Particular atfertion stould be paid o the adaptabl |ty of many
tyoes of present media fo satellife transmission
6 3 STILL-PICTURE TELEVISION

Vany learning situations do not recuire full television capa-
biifty Often, the use of stil) prefures plus sound--a kind of
Televised filmstrip--cean serve insivuctional purposes as effectively
as full-motion television, as shown in & number of expsriments
Also, television uses up & greater portion of gpactrum spacs +han
any other medjum  Still-picture television Techniques could provide
many rore programs 1n the bandwidth occupled by one full-motion

television chennel  Cther potential advantages of the still-picture
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tefevision madium for |nstruction include a greater divers:¥y of
programs from which to draw, lower program production costs, and
@ ratatively greater independance of bicture and sound (nfarmation
Fotential diszdvanteges Incluge an tnerease un the cost and
comp jextty of ground-station equipment, and possibly a higher
signal—to-nolse ratioc than necessary in cenvertional televisian
to overcome frozen norse  Studles "2va beer wade Yo determine the
theoretical number of still-p1cture Tolavistan programs whlch could
be accommodated wlthin one TVE chanps] using multiplexing tachniques,
It 15 recommended that the still-pieture television mediym
continue 1o be explored, wi+h parTiculer emphesis being given +o
determining fhe sctual comp lement of equipment +hat may be neaded
for satelllie-based transmisgion, and associated costs over and
sbove those of full-moticn television Alse, fechniques of mitigating
the effects of frozen nolse, and of audfo compression should be
Investlgated
& 4 COMPUTER-ASSISTED INSTRUGT [ON
To become a cogt-affective fearning technology, computar~assisted
instruction expanse ang compiexity must be reduced by an order of
magnituda  QOne promising spproech Is to combine CAl with 1TV, ag
proposed in +he TICCET system TICCET has svelved from a totally
centraiized system uslng vast communications liaks To bring CAl +o
schools, To a highly decentralized system using dedicated {n~school
computers  Interactive graphic dlsplays can enhance the capabl}i+ies
of CAl, but agsin costs must drop an order of magnitude i+ these

devicas are to be used wlidely 1n schools
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I+ Is recommended that the general area of sate! |1 te-based
camputer appllcations to edueation continue o be explored, with
more attention being given to such areas as data-based Interrogation,
scheduling, aceounting, snd other management functiens, in addition
fo CAl
¢ 5 ELECTRONIC VERSUS PHYSICAL DISTRIBUTION
651 General
In general, whethar electronic or physlcal distribution of
educational matertals 1s Yo be preferred depends upon a number of
factors, such as the following per-message criteria total allow-
eble delivery flme, tofal cost, rallability, securlty, number of
addressees, fidelity, retalnability, feedback requirements, and
message priority Nevertheless, 1t is possible to perceive an
ovar-all trend fowards the replacement of physical with electronic
resns of dist-ibution for many types of messages
652 Telephontq'ComnunIcafnon Versus Postal Delivery
Postal volume, Including all varletiss of mat |, is growing at
a constant rate, while telephone call voiume 1s growing at an
Increasing rate Sometime durlng the 1930's, annual call volume
exceeded annual pleces of mail handled, anc by 1966 had grown to
+wice the mai! volume Meanwhile, the postal service, which formerly
Just about broke even, has incurred a steadily Ipcreasing deficit
In an effort to alleviate this sTtuation, the running of the Post
Office has been Turned over to a quasi-publlic corporation All
classes of mall will now be expected to pay thelr own way within fen

vears This decision should accelerate the tendency to frade
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transportation for communication, because the cost to the user of
Efystcal delivery must Increase sharply, while there 15 every reason
o belleve That communicatlon costs will drop, as competition begrns
in the communications common-carrier industry, and with more alterna-
tives such as communication sate!lites becoming avallable In fact, I1f
the Postal Service Is to achieve t4s objectives, t1 may find it neces—
gary to Increase the use of communications medta 1n 1fs own operations
6 53 Telephonic Communication Versus Broadcasting

Present distinctions between electronlc communication systems
Intended for Individualized message +transmissfon and these designed
for mass dissemination are expected to becoma less sharp On one
hand, the inauguration of Picturephone service and ali-elsctronic
switching will encourage +the use of the switched telephons network
for conferencing and other multiple address ssrvices On the other
hand, cakble television wil! increase greetly the number of channeis
availabie to a community, thus providing greater possibiiities for
Tnteraction and individualization of television--now the most Important
of the mass medla
6 5 4 Electronic Materials DIstribution

The present largely physical distribution of print and nonprint
materials for instruction and raference s expectsd to be chalianged
by electronic distribution Films may be sent over television links
and stored on videotapes, audle and video programs may be made
available 4o a ilarge numbsr of remote locations via dial=-access
{nformattion retrieval systems, and printed materials may be dis-

seminated rapidly via facsimi le transmisslon
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655 Facsimile

For rapid delivery of printed materials, facsimile i1s the pre-
ferred technology Although too expensive today for most educational
requirements by an order of magnitude, satell1fe-based communications
services could make T+ & useful a2lternative 1o physical distribution
of educattonal materials 1n printed form, particularly 1n conjunction
with microimaging and dupliceting technologies
656 Mcrolmaging

Micreforms are an attrachtive alternative o the physical distri-
bution of full-sized hard copies of printed educational materials
They offer great compaciness and tightness, low-cost, and case of
duplication One of the most convemient forms for report dissemina-
tion 1s the microfiche, a sheet microform using |inear reductions
of about 20X Recently, systers offering linear reductions an order
of magnitude greater than microfiche have made their appearance
COne of these Yultramicrofiche" can store an entire book, or In
some cases, several volumes, at user costs less than a tenth
of convantional publishing techniques Even greater reductions
are possible, but will require better access methods A marriage
of microfilm and computers (COM) offers speed and cost advan~
Yages of more than an order of magnitude over conventional text
composition fechniques A marriage of microfiim with television
could ovarcome broblems of optically enlarging +iny images by pro-
viding the aiternative of convenient reading of text on a felsvision

screen The latter umon is yet to be developed
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6 5 7 Picturephone and Cable Television

The displacement of physical ?ransngTafion by electrontc
communications is expected o be boosted with +the advent of Picture-
phone, which adds visual capability to the switched telephone network
Although primarily designed for face-to-face communication, because
of 1¥s very wide bandwidth Proturephone service 1s expected to offer
many types of man-machine interastion For example, 1T may be a
near-ideal terminal for computer-sssisted instruction

However, +the resolution of Picturephone ls qulte fimited, and
for a high-quality fuil-color picture conventional television sets
are necessary  When these sefs are {inked by mezns of coaxial cable
to a central program source, the choics of programs is Increased by
from three to five times, and limlted feedback frem the audiencs

bacore possible Thus a great number of speciallized programs and

services may be provided
6 3 8 Cassette and Disc Program Storage Systems

The development of the audlo cassetts has greatiy expanded the
uses of tape recording and reproduction It offers a combination
of convenience, compactness, low-gcost, and versati Ity in the audio
field that cannot be attained in any other way One of 1ts stronges+
featurss is the degree of cempatibiivty achieved, so that any cassette
can be recorded on any manufacturer's equipment, and played on any
other menufacturer's equipment

Video cassettes are now making thelr debut, and should bacome
as convenlent for sight and sound as the audio cassette is for sound

alone However, serious problems of incompatibi 11ty among the varlous
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systems coming To market are likely, and the costs of both equipment
and caesseTtes I1s li1kely to rematn considerably higher, perhaps by an
order of magnitude, than 1s the case with audre

For educational use, a most promising technolegy appears to be
electronic video racording, which essentially makes every television
set a motton-picture display device Also, 1t Is the only video
cassette system with Inherently high-resolution capability, and
referencible still-picture cepabllity However, copies of EVR
programs must be made 1n comp lex centers, while magnet] c~tape video

cassette systems offer local and ymmzdiate recording capabllity

and erasabllity Also, from the cost standpolnt, video discs are likely

to attaln the largest mass market of any of the video storage systems

I+ 15 recommended that a thorough analysis be made of the rela-
+ive ‘rade-offs hetween electronic and physical distribution of
eduycational materials For example, the experience of two existing
local madia installations which exemplify these extremes should be
evaluated and contrasted Forest Park Community College has a
relatively large-scale dial-access Information retrieval system
for audiotaped programs, which can be compared to a collection of
audio cassettes usad for a similar purpose at the University Cliy
High Schoel Both of these institutions are in Missour!

Also, new curricula for elementary and secondary education
deslgned to take better advantage of educational media technology
should be considered Such an effort might include an evaluavicn
ard listing of suitable ex1gting program materials, no matter where

they are presently located and no matter for what purpose they were
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originally created Also, further technolegical and economic studles
are needed to aid in progecting trends in media utifization In
parttcular, the Impact of new forms such as EVR on communicetions
requirements needs to be evailuated
& 6 MULTIPURPOSE EDUCATIONAL SATELLITE SERVICE

Given the equivalent of ons or more satelllte~based full-
television channels, one can concelve of many different types of
medla and Tnformatlon services belng provided 1o schools, communlty
centers, and other public agencies Although the ful!l bandwidth of
a television channe! can be used for regular ITV on a real-tire
basis, it may also be used to carry such media as videctapes, films,
flImsirips, telslectures, radlo, facsimlie, and data

In addition to these satel | 1fe-based services, a full-combierent
ground receiving center could share its digital processing capa-
bility with local schools for such needs as CAl, CMI, data-base
Interregation, desk-calculater computations, and time-shared and
remote-bateh stored-program computer use via wire, cable, or ITFS

Satel tite technology can add new and unique elements to existing
currliecula, bringing n the wide world bevond the classroom, and
making possible the sharing of Intellectual wealth cn a worlid-wide
basis

in This report, some of the qualltative possibilities have been
oxplored and a sample service schedule developed. Economic and
technical studies are required to determine which possibilities ars
feasible [+ is recommended that simulation and eccnomic studies

be done on the concept of a multipurpose educaticnal satellite
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service, leading to experiments between media centers and schools,

possibly vie a future NASA Applications Technology Satellite
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8 APPENDICES
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APPENDIX 8 1 COMPATIBILITY PROBLEMS OF VISUAL MEDIA

Spaeti1al media seem to have much more variable formats than
temporal media That 1s, visual media have greater divers:ty, and
correspondingly greater compatibility problems than audio (see
Figure 20) Some of the characteristics that mesy make adapteTion
difficult are frame aspect ratios, the chain of devices emoloyed
in producing, transmitting, and reproducing material, and resolution
and contrast

1+ would be of great beneflt 1f we could regard all media &s
potentially convertible into felevision  Unfortunately, comwarcial
television may fall short of the guality needed for still-picture
presentetion, beczuse its inherent characteristics are quite dif-
ferent However, when the prime criterion 1s the success of a
medium on [+s own terms, adhering to television's restrictions might
hamper the exploitation of thal medium's unique advantages Certainly,
programs originally made in Cinerama, and other extreme wide- and
large-screen presentations make poor fare for TV

In the following, some of The more tmportent characteristics of
visual media will be discussed, and an attempt will be made to suggest
conversion or adaptation methods so that materials created for one
madium may be used on ancther medium Particular attention will be
given to the problem of using varlous pictorlal materlals on television.
8 11 Aspact Ratio

One of the mest obvlous varlables of vlsus! media 1s the aspect
ratio, which 1s the ratio of width fo height (w/h) of the rectangular
frame employed (see Figure 20)  Such diverse medlia as ovarhead

transparencies, 35-mm, 16~mm, and Super-8 motiecn pictures, telavision,
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ly=mm_exargle
Framo dimgoslons are shown 33x actual slze Tho dlmeirsions given are those of (7 5 x 1) 4)
the Imege on 1he {1in as determined by the camera aperiure in millincters
The projector aparture reduces these by about 5% In each directien
Aspoct ratios are tte ratios of frama width (w} Jo frumo height {h) or w/h r Nt
Whon normalized by tetting h=1 w bocoras equal 1o the cotangunt of ihe angle L3
between W and the frame diagoral For exemple In fmsi film media and telovision = cot a

the aspact ratio is 4 3, which when nogmallized becomes 1 33 | or 1he cotangent

of 37 approximately

Belatlva resolutlons are shown by the numbers in the circles

They represent

the thoorctical mintrun filn resolution, In ling pairs per

mitlimeter which

would have fo bo maintabned §n the projected {FiInm to {fully vtilize the theoreticzl

resolutlon of brosdcast folevision which 1s approvimaicly 480 scenning 1ings

ond roughly the cquivalent along
plcture otaronts

the areas of the {ramos refotlve

Ralative fromo arras aro shown by the numbers 1n the cquares

cach scon ling, ar 2350 000 black or whiie

They represant
1o thut of tho 16-re film orga taran as unity
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and EVR all adhere to a 4 3 ratic Equivalent aspect ratios of various
media normaitzed o unit height are also given 1n Figure 20, so that
comparisens arong media formaTs can be made easily \ L ) &3

Horever, the vertical orientatien of the printed page, wlth aspect blﬂmu:af l [ rad
ratios of 0 77 1 or less, i1s completely incompatible with noaprint medra e
1t 1s interesting that 8~1/2 % 11-inch pages have an aspect ratio of /
_ SN L

0 77 1, which Is close +o the reciprocal of the 4 3 (1 35 1 when normal-

4 5 Hitent
1zad}, ratto round in rost projscted media, and In televisian NPhe Soemnz ¢ Man®, Crowali 1965 Schlack ang Eruckner
{oach eye tason separately, and overlappad) Igggi‘]’;sgandbuch dsr Ophtha'molog "
Curiously, few modern media exhiblt as extreme an aspect ratio -
T
as the tradit:onally desirable "golden saction®, which s approximatsly - ! 361 |

1 618 1 Full-frame 35-mm slides with a3 2 (15 1) ratio come

closest, although sore wide- and multi-screen systems use 2 1, 3 1 "
10

or more The golden section has had soms use in the twentieth century

LeCorbusier used it (and the Fibonacc: series) as The basis of his

A Dubois-Pouisen ef al

La champ visue{ Ma W 5 Dukae-5ld
Nmodulor® (2 t1o terms Is cal- ¢ » Hossan, 1952 %
utor® (271)  The goiden section in aspect ra ter 5 ’ "Textbook of Ophthalnalogy ', hesty, ($54

culated from the preportion w/h = (wthl)/fw, which works out to be the
yrrational number, (¥ + 1}/2 1+ ls sometimes errcneously given as

5 3, the revio of twe of the lowest adjacent Fibonnaci numbers  But 1f v

With ayes looking strafght shead, the s

Tha numbers at the top, bottomr

yrbol O Indleatas the center of tha visuel fieid
one uses higher terms In the serfes, a good approximation Is possible Vinite of the viseel Held ¢

» {aft and rlght of each rectang!
e a dagrage ectangle Indicate the axtrome
.

“or example, 34 21 = 1 619 , is very close to the limlt of the Rectanglas hava been ol ecumseribad and Ingeribad on

but Inseribed dimensi e2ch chart 1o deternine aspact retlos,

s are not oxactly dotermlinabie
sertes, whlch is exactly that of the golden section Even 85=16 I:B ?vara?e aspect ratlo of the four <lrcumscribed rectangies Is 1 38
a
to 1h:";sp:i:"i°i"°"°‘;fﬂﬂsies s 128 The average of thase a\.rel-ages'igmlj ;gﬂ leomton ?f
dees a reasonably good job ati5 of most projected medla ond Toloyisian H o

of the elrcumser bed ang fhscribed ratlos of the two most recgrziqc'h:ﬁsszgsrg;:ha;egm

Why we seem fo prefer a horizontal format in visual media, but
wt In print fg not at atl obvious However, the binocular fleld of
siew of the human visual sysfem has an aspect ratio extraordinarlly Figure 21  Aspoct Ratlos of Perimotric Charts Showing Binocular Flold of View

zlose to the 4 3 of motion piciures and TV (see Figure 21} On The
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other hand, I+ 15 rare Yo find horizontal page formats in the printed
media Perhaps one reason 1s that research on the visual apparatus
during reading tasks seems to show the optimum lins length or column
width T¢ be abouf three inches (272)--but with column lengths as long
as practicable Hence, mujtiple column formats in magazines and
newspapers may have aspect ratios of 0 35 1 or less ;?ﬁs

There are ways of coping with widely different aspect ratios 1in
adapting materials for television transmission  Although the 4 3
ratio 15 fixed by the mask over the cathode-ray tube In avery TV set,
the television format could be regarded as a module in 2 "Multivideo"
or "Multivision" comblnation (Figure 22) In this way, wlde~, narrow=
and multi-screen (273) formats can be cbtained economically To
cotn individual names for the formats shown, the designations
"Twinvision", "Videotexi", and "Quadvision", may be appropriate
In each case, not only 1s The aspect retio altered, but the apparent
resclution 1ncreased accordingly  Such technigues coul!d be particu-
larly appropriate for still~picture television, because over-all
bandwidth savings are so great that halving or quartering them is
insignificant Bogatov, a Russian space scientist, has also sug-
gested the wide-screen television idea (274)
8 12 Chain Effects

Even when a visual medium has an ldentical aspect ratlo to that
of felevision, 1T suffers a progressive loss of Tmage area as it
proceeds Through all or part of the leng chain  origingl--camera--
eptical printer--projector--7V camera--transmitter electronics—

rece1ver eleclronfcs—-recetver CRT tube (275) At the studlo,
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~500 "H;les“
"Twinvision"
83271
For wlde- or nulti~scraan
presentations, er for

compar!son betweon two
Image sources

60

I1nas °

300 "11nes"

"Textvision®

4 6=0 &7 1
This aspect ratle

ldantical with that
of a book page

' y 3
960 S v
ttnes ‘f ﬁ\i
\, v,

600 “1inas"

"Quadvision"

(4 3) x 4=4 3

Quadrants may be used as a single
large framz of high raselution, or
independontly for comparisens,
stimuius and alteraate response

frames, ot

Flgure 22 “"Multlvision" Formats and Thelr Aspect Ratlos
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iecessary adjustments of sweep and linearity contrels change the
»ieture area actually broedeest In the home, maladjustment of sweep
controls may excessively enlarge the Image, entailing additional
loss  Furthermore, the television image 1s not really rectangular,
T employs rounded corners unlike any other medium, gitving it a
distinctive shape & When all these losses are added together,
1t should not be surprising that the safety mask used in TV-camera
finders is 16% smaller 1n height and 26% smalier in width than that
>f @ simtlar ftlm camera--a loss of 37 54 in *he total picture arsa'
1 still-pictures are to be used on television, I+ 15 necessary tfo
amploy a simllar mask in still cameras (see Flgure23 )
813 Resolution and Contrast

Theoreticatly, Television and film resolution are incomparable,
because the television picture, regardless of screen size, 1s com-
posed of 480 usable horizontal scanning lines Although 525 {ines
are transmitted, only 480 are used to form the picture Therefore,
the equivalent horizontal resolution, which is given 1n TV {ines",
should be 480 Across the entire width of the picture, this 1s multi~
plied by 4/3 to give 640 "lines” However, home television recelvers
exhibit a horlzontal resolutlon of only abou+.§00 "TY lines", or 2/3 of
the theoretical horfzontal resolution This 1s primarily caused by
bandwidTh li1mitations 1n the video signal when broadcast over a 4 2
Mz bandwidth Each line s scanned In 63 5 microseconds, So maximum

5 x 6355 4 1078

hortzontal resalution fs 4 2 x 10 = 267 cycles, or
"TY jines” Unless this bardwidth 1s 1ncreased, every other field
Figure 23

would have to be repzated to cet enough bandwidth to equate horizontal

wi—n vertical capabi ity
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Vidth of scanned area=100 (by dufintion} -

} 00y ~
758
71 %
-k
N
, i
!
safe action area
f————100°% {By definttion) ———]
. o i
75"

A

60
*
16”
Q Outhna of

scanned area safe title area

SMPTE Safe Action and Safe Title Areas for
Television Transmission (afier reference 276)
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One can make 2 rough comgarisen with felm by assuming that all
480 visible scanning lines must be reproducible (see circles on

Figure 20} For example, only 26 lines per mm would be needed for

frimstrips, and stiver-halide fi1lm materials 1n common use can

resclve this easily (see Tigure 24) Howevar, in 16-mm motion

piciures, the thecretical resolution requirement would be 66 1ines
per mm at the projector aperture From Figure 24, 1f would appsar
that cnly the black-and-white material could be used However, the

fowering of resolution of 16-mm color film is also found in color

1
: i
£ i - :
< i T - ; ; b
felevision practice, and cbservers of 16-mm color motion prctures :“— Pl S | L ! P oo ; -~ [ ! 3
- ool At o= b L Ly
@ e e e t oo - i :
sent over television cannot distinguish the quality from 35-mm £1im 2 =T, E iﬂi i -_j ' l Joomed ; a1 X } 4
5 = bl L HEED - 4 17
Super-8 fiim, unless spectally manufactured for TV, would seem I AR ‘, : ..LI_.,..-_..l_r—_ _mi;zﬁ_,i = E N ;_l-
+ = [ L S S DL, SO | it el S \"“-i""
C o l—m————— r I - _L ] ¢ 1l
to fall far below the required resolution However, in one experiment, g ol - - -l—l-"f—. { T T = i T N _ij
& — mp—" m— L 1 T k]
a7 e s T 1 FL - i \_ i
11 which Super-8 was projected over a fiim chain for television, e = e o ] ; el ~——gg—‘!-—r T,-;w!— -‘-"”__r"]!': - 3‘0'1- Tj
F* " the modulation transfer s the {1} . o e et
qualtfied observers could not detect any difference from 16-mm i zaﬂol ordﬂ;ﬁang\:du:‘ﬂ;“*’:::h:l“- by e —— ek % !~ T "“‘*’"—"F v
L eva lope ' » JR—— —_ 1
* medulation of the exposing | T 1 171, T _;__j Pt contrast
quality yi-— pattern, My _tn turn, ¥ i Ve |F () T4
- et t 4 1 — =
afz—— I E - Enj T ’i-""! e I ) ‘i
\ihen one gets down To EVR frame size, ‘the resofutlon require- < Mg = _max ~ “min . T - . I -
] Emax * Emin T | 5 ‘ P |
i 1 11 i 1 1 1
ment 1s severe But EVR masters are made on film with an rnherent ___whapa the E represont| e b i 1§ )R
R pattern Hlumlnanc:asll ; t P T N [—T ] ‘,..{ e
- 1 . = t resolving .
resoiution of 800 lines per mm, which 1s considerably greater +than i ! , ;I 1__| § . ;gae:':_oi:n”;ggr::ﬁnm‘“'mm_s :
T : i ot the glven tast-object contrasts]
most comrercizlly aveilable microfiim' 2o 27 qr Toa TP T DT T T
firiut fittn it A 8] ““;L il alv;"[ B ek i
Fiim resolution figures by themselves may be very misleading, s # A E
because resoclution and contrast are interdependent 11 s much spatlal frequency, oycles par mm.

better to use the modulation transfer function (MTF), as shown 1n
Figure 24 Although contrast is not directly readable from These

Flgura 24 Madulatfon Transfer Functlons for Bj}gc;‘;g;\d'“h"“
curves, 1t ray be sean that at a low confrast (1 6 1), Ektachreme and Color Filns {attar referonces 277-

is capable ot resolving only 35 cycles per mm, but at more normal

contrast retios, 1t mav approach 50
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Black-and-wihife slides made for felevision may have fhe same
photographie charactertstic as those made for regular prolection,
except that conirast sheuld be kept lower fhan ts common in photo-
graphic practice MNegetives of scenes with a great brightness range
(in excess of 20 1) should receiva less than normal develeplng, if
siides made from them are to televise well Color 1ransparencies
should have a much rore restricted contrast, not exceeding 2 1 eor
31 Inherently, television seems to be contrast-enhancing In
talevising opagues via the Telop device, It Is found That a photo-
graph which appears dull fo the eys often shows up surprisingly well

on television, bul a sneppy one may lose most of its tonal gradation

(275)
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APFENDIX 8 2 DEMAND-ACCESS REQUIREMENTS FOR STILL-PICTURE TV PROGRAMS

Ffollowing an argument originally made by Hurtado (280), an analysis
may be made of potential requirements for satel!lite~distributed educa-
ticnal felevision programs for use 1n U S elementary and secondary
schools on a 100 demand-access basis

Assume 2 milllon teachers, 103 of whom make a request for some
program in any scheool day In the first approximation, no allowance
will bo made for +he same teacher making a request for sevaral pro-
grams, nor for many teachers requesting the same program Also,
assume that sach program runs an average of half an hour Thus, if
all requests were handled without some form of compression, the
transmission requirement for full-motleon television programs would be

2%x10°%x01x05= 10° program hours/day

However, 1f all par*ncipaflng ground stations have storage capabiiity,
then programs can be transmitied 24 hours a day This means that
each hour 105/24 = 4170 hours of programming can be sent

Stated another way, 4170 full felevision channels must be
provided fo U S schoels on a continucus basls 1§ 100% demand access
18 required This 15 an axtreme case, which may be contrasted with
the reguirements of a 100% scheduled~access system For example,
6 television channels provided for school use on a scheduled basis
could carry 8 x 2 = 12 program hours per hour, or 288 program hours
per 24-hour day The difference beiween al i~demand and all-scheduled
access 1s 4170/12, or 348 times

If it Ts assumed that 100 times savings can be realized in
sataef lite bandwidth requirements using still-picture television

instead of full-motion televislon programs, the transmission
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requirements would be reduced to 105/102 = 103 program hours per day
or 103/24 = 41 7 program hours every hour In other words, the
squivalent of 42 full TV chanrels would have ‘o be provided to schools
on a continuous basis  This 1s stil] an absurd requtrement

Up to this point 1n +he analysts, no account has been taken of
The number of televiston or still-picture programs which could be
made available In actuality However, reasonably good estimates of
the number of educational media programs 1n ex!stence can be obtained
from NICEM's 1ndexes

16-rm motion pictures (281) 27,500
35-mm Trimstrips { 77) 21,500

{Most films are in sound, but possibly no more than 15% of the
filmstrips have sound capabiisty )

for the shl)~picture television case, assume that a library of
2 x 10* different sound-f1 Imstrip type programs could be made avalil-
abie, and that the 2 x 106 teachers make 2 x 105 requests/day, as in
the original anazlysis Then the overlap--t & , the number of multiple
requests for the same orogram on the same day--must average about
2 x 105 /2 x 104 = 10 This, the possible demand for TVE channels
would be reducad by 10 times to 4 or 5 channels on a continucus
basis—-«which is within reason This argument holds no matter how
great the nurber of pregram requests becomes, that Is, the overlap
of reques’s increases with the demand, because the number of
different programs available remains constant

furtharmore, ctreumstances likely 4o be encountered 1n practice
should be considerably less demanding than the foregoing analysis

would indicate A common statistical phencmenon s the "80-20 law”,
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or more technically, "Zipf's law", The original "law", according to
Zipt, stated that 1t all distinct items {types) in a populatien are
ranked according to how often sach 1s used (tokens), then fl = - E-,

r
1

where fl 1s the frequency of use of type 1, i its rank, and k a
constfant, often equal to 10 {282)

While this phenomenon hardly deserves the appellation "law," it
IS a widespread observance 1n fields as different as linguistics and
retarl trade That only 20% of the types avallable account for 80% of
the tokens used Applying "80-20" to demand-access for stili-picture
programs, just two TVE channels should be adequate most of the time

furthermore, if the pattern of use for an sducational communi=-
cations satellite suggested in the EDUSAT study (see Table 2) s
followed, four full TV channels would be made avallable it s
unlikely that there will be encugh full felevision programs avaii-
able to fltl this capacity in the near fuiture If half of them were
made available, a 100% demend-access servica for stifl-picfure
programs would become feasible |1 must be emphasized that no
on-demand case can be made for transmitting 16-mm motion pictures
via satell(te, because thay would fake up a full television channel

on a cne-to-one basis
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