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TELECOMMUNTCATIONS MEDTA EOR THE DELIVERY OF

EDUCATUIONAL PROGRAMMING

1. INTRODUCTION

the delivery of educational programming. Hducational networks may he
able to provide flexible, vet low-cost, delivery of educational services.

Telecommunications network: for the delivery of oducation would allow

x

sharing, to utilize more efficiently the limited resources that are

ra

available to the educaticnal sector, while providing all segments of thc
educational community access to high-quality instiuctional services.
Through 1ts great flexibility and diversity, telecommunications techno-

togy can make education available to more people and more relevant to

-

individual learmer interests. A communi:ations-based delivery systenr
tould serve learners whose schedules, locations or Jjoh responsibilities
Limit participation in the traditional education svstem.

s

The term, “educational network, as we use it, means an ¢ntitv con-
sisting of sets of connections hetween separate locations, a structure
that dicTates the direction of the flow of information wi*hin the

network, and a2 et ot *toymingls throuar Which 'earnors can altimate v

receive information,



ALl facets of the networh are highly dependent upon the tyvpe of

r

instructional material to be carried by the networh. An educationa!l .

network might he as simple as an AM broad¢ast radio station transmitting

2]

)

musical selections and lectures having mass appeal to learners in a

sev. ral-stute area. On the other hand, an educational networh might
somprise a Jdedicated cable or microwave system, over which learners

.:nn request individualized computer-aided instruction or select and

read any Jdocument in a million-volume librarv from interactive terminale
rocated 1n their homes. The range of services which might be offered
sver educational networks is ultimately limited only by the amount o€

user suoport the

5

ervies are able to generate.

As a prelude to the design and assessment of future educationa?
networks, toth established and presently developing electronic tele-
communications media which can carry educational programming rwust be
considered,  Each of the different media has particular characteris-
Ti¢s whigh determine 1ts networking requirements and costs. ixamples
N ehase sharagteristizs are handwidth recuirenents, complexity o

piant and terminal eguipment, and trogramming developrment and selection,

<

signing a network %o deliver a narticular set of
educational services, the services and the media which can carrv them
must ceoexamined; they will determine the specifications which the
netwnry must satisfv., This paper will examine the various telecormuni-
Sations media which might he used to deliver educational services, ard
w1l discuse their Costs and network requirements In oan attempt to

1t 15 1 guide for the Jdesieon of furtare oducational retworks,

Sectiena 2 oand 3 oof the paner consider the hroadrast media:r UM

»1din, AWM radin, and VHE and 'ME television,  Althoueh e hroadenes

o )
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media are mestly limited to non-interactive prograaming, they allow
educational programming te be delivered to large numbers of learners
spread over arcas now impractical to serve by other means, In addition,
learners can receive the educational programming over existing receivers,
making the per-user costs of receiving programming small in general.

The costs and coverage abilities possinle for educational broadcast
stations are considered, along with the channe!l capacity and number of
charnels available.  Examples of oducational broadeasting networks, @0

which individual stations cooperate in producing and sharing oduca-

(89

tional orogramning, are also considere

Section 4 of this paper deals with computer-ailded instruction (CADY,

i

an educational service which has the ahility to deliver individualized
instruction to learners by allowing them to interact with an education-
al computer svstem. The section discusses two existing syvstems capable
g interactive educational pregramming, TICCIT and PLATO IV,

>utlining their configurations, ccsts, and other design considerations.
£ryn

. , A . .
T~ addition, the Bell System's chturephonok “, a telecommunications

medium which adds the video dimension to audio telephone service, 1s
rxamined for possible use in delivering educational services.

1 1
.

ipnlizatior of interactive netwerks to ltlhrary svstems is examired

moawetiom b, Migroform sechnolopy, whith could reduce large lihraries
inty a4 phvsically much smaller, machine-accessinle document collection,
2. The requiremonts of the network components witht regard
to the ratrieval of individual Jocuments, minimum accentahle ‘rage

roanlage i omoand avite™ handwidth, along weth rechrianes which might he

. o vy : iy . - [ .
Gl v Seanamit toxtaal imager ta remeto gty fersinagla, are also

cangrdersd.  The Yow Yark T mes Infarma*ion fank, a computer:ized



nteractive ndex svstom having the abiliry to list relevant documents

N A 1] . Ly m W .
inoLts Jati base aceording to

-

wer-supnlied subrect deseriptions, s
cxamined Tor pessible use in interactive library svstems,

Tinally, the parer has two appendices.  The first briefly onciines
some baste nrinciples of communicarion theory fur the nurpose of aiviny
ehe reader 2 ounderstanding of the technical tradeoffs involved v Thwe
Sosign oF v oducational media Jdiscussed in the main body o the narey

tix describes the operation of PLATO IV'3 random access

i
L3
L
S
02

e
.
[~
e
197
Ve
p
<
w3
T
o
rad

Cmage seeector and random access audio system, devices which allow

Lorsat 12 0T o he transmitted over orvdinary telephone lines.
K]
Y 4
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o EDUCATIONAL RADIO

Traditionally, educational! services have heen brought into the home

through educational radio and television. These services provide

cuitural and educational programming over large areas, at no charge to
those having appropriate recelvers., This section delineates costs and

technical considerations in odugsat:onal radio,

As of 1370, there were twenty-five AM famplitude modulation) and
132 M (frecuency modulation! educational radic stations in the United
IV There are so few \M cducational stations because, since
L9400, the Federal Communications Commiszsion (TCC) has discournaged the
wse of the AM broadcast band (535 XHz +o 1605 KH2) for educational
rad:o, preferving to assign frequencies in the portion of the FM broad-
case Hand reserved for educational! radio (88 “H: to 92 MHz), "uniess
fown there [soa special need for the use of umplitude modula-
tion.” {l) However, AM educational radio is best used in covering
large areas of low population density: AM radio can typically cover four
times the area of an equally powered ™' radio station. In such cases,
*5 lower €idelity (5 XHZ bandwidth for \M versus 15 KHZ bandwidth for
MU oard hgher nolse level would he accorteble because of the practical
to laver 1 given ponulated area eonnomically.
Thie 2ection will discuss the use ot »roadecast radio to dissemirate

aducational services. Some of the cducational radio netwe rks which hauo

heen established to facilitate the exchonge of high-qual:ity educational
nragramming hetween member statiors are examined. The technical ctharnmo-

roristics and costs for PV oand A\M educational radio are c¢onsidered, and



-y -

the two services are compared in an attempt to outline their best use
in delivering educational services.

-

2.2 IDUCATTIONAL RADIO NETWORKS

-3

raditionally, educational radio has suffered from lack of tunds,
which prevented stations from generating luavge quantities of high quality

nrogramming.  In response, many networhs have heen established for the

~urpese of distributing quality programming, either throuph the mails or

rt

hrough leasoed transmission lines. The National Educational Radio
vetwork (NERN)  is a national organization of educational radio stations
whicn are served through the network headauarters in Urkana, !llincis.
hrough oxchange of tape-recorded programs, it provides its affiliatces
with g mininum of 865 hours of new programming per gquarter. The Lastern
Cducational Radio Network (EERN) is a group of fastern radio stations
which exchange recorded programs, cooperate in the production of shows,
ind occasionrally interconnect studios to provide live remote pro-
gramming. (1)

The Corporation for Public Broadcasting formed National Public Radio
FNPR} in 1970 to provide national network programming for non-commercial
public radio stations. Affiliation requires meeting transmitter power
ind scheduled broadcast time standards and requires one-half of a memher
i%ation's programming *o He cultural or educational. The NPR distributces
arogramming through tape exchange and has leased 3.5 kHz bandwidth lines
T ts farmoa nationwide network of twenty-cight member ztations.
<ecently, statewide educational televi<ion networks have been esta-
iished or nlanned for manv states in the !.S. These networks. in
addition *» distributing television programming, could also distribmte

Inw-bandwiith programming <uch as radio at marginal costs.

ERIC

Aruitoxt provided by Eic:
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EMOEDUCATIONAL RADIO
Tn 1940, when the FCC estahlished the present FM (frequency moduli-
tion) commercial broadcast band, it rescrved twentv 200-kH: channels 3%

MHz to 92 MHz) in the FM broadcast hand exclusively for educational

-~
~

use. These channels offer educators the opportunity te broadcast much

poy

nigher-guality orogramming than can ¢ hroadeast over the AM broadcass
charnels. Wwhile eacth channel in the AM hrecadcast band is limited to a
ten-kHz bandwidth (which corresponds *o one channel of five-kH:z band-
width programming), each 200-kHz handwidth FM broadcast channel can
carry up to three channels of fifteen-kHZ bandwidth programming. Thus,
FM broadcast radio is able to distribute high-fidelity monophonic or
stereophonic programming. In addition, due to ¥M's ability to trade
handwidth* for noise immunity (2), FM raqio it able to give noise-free

reception over its prime coverage area. FM, however, is received in

L

1ts prime coverage area only by direct propagation (that is, essentially
along lines of sight from the transmitting antenna), which greatly limits
its prime coverage areca. This makes FM broadcast radio primarily a
metropolitan service; reception over large distances requires sophisti-
cated receivers and roof-top or tower-mounted antennas.

Due to the need to combat the high levels of man-made noise in

metropolitan areas, the FCC finds "service may be provided by signal of

*In AM droadcast radio, the ratio of channel bandwidth to program hanc-
width i3 ten-XHz to five-kKHZ or 2:1. FM hroadcast radio, on the othcr
hand, with its three possible channels of fifteen-kHz bandwidth pro-
gramming per 200-kHz bandwidth hroadcast channel, has a ratio of
channel bYandwidth to program bandwidth of 100-.kHz to 45-kHz, or 4.44:1,
This nhigher channel bandwidth to program bandwidth ratio is responsitie
For ¥M's ahilitv to provide relativelvy nojsze-free programming.
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U my. /meter Oor greater in metropolitan areas.” () Tahle 1,1 lists the
maximum pewer and antenna heights for the various FCC classes ot
stations, while Table 1.2 lists the prime coverage ared whieh can he
expectad from cach.

Table 2.1 lists the programming equipment needed for a tvpical M
hpoadcast studio, with equipment prices estimatoed where possible.  As in
Tahle 4 £ar AM, huilding costs (rent, heat, utilities, soundrrooting,
ate.) are not included. Table 2.2 summarizes tvnical transmitter costs
énr given vower levels, Transmitting antenna prices are determined by
*he polarization and directional gain required, and vary from $70C to
$13,300. 74) Tower costs (where apprlicable*) run from $100 to $30C per
fo0t of tower hoight, depending upon the condition and location of the
antenna site, and upon any tower options desired. (5) The cost of the
rrarsmission line connecting the transmitter to the antenna varies from
365 to $172 per twenty foot section. (1) The cost of the audio channels
{tvrically point-to-point dedicated microwave or (lass AAA telephone
lines) (8) needed to connect the studio to a remote transmitter and
antenna varies depending upon the locale and distances involved; this

-os*t has not been included. Tahle 2.3 lists typical personnel recuired.

ta
F 5

AM EDUCATIONAL RADIO

2.%.0 Area of Coverage

The ©°C defines the "primary service area” of an AM radio station
, '

as *tha* area in which reception is not subject te ohjectioratte fali~c

nr interference. (10) AM radio signals propagate hoth by grouncwave

*Beocanse of their relatively small size, FM antennas can aften he ninged

An existing towers,; in this casc, +he cgost nf renting the Tower
ipace would he suhstituted for the ¢nat of a dedicntel! tower.

FEL

NI |



Table 1.1

Restriction of M Transmitter Power
ind
Antenna Height v FUC Class of Station (o)

Station Class Max. Power (watts) Max. Antenna lleight (ft
A 3,000 360
B 50,000 500
O 100,000 2000
o 10 L%

*As Class D stations are generally limited in audience to an institution
{e.g., a college campus), no maximum antenna height or coverage figures
can he given,




-10-

Tabhle 1.2

. ———— s e ek

Prime Coverage Radii and Area for I'M Broadcust Stattons (7)

Pransmittor Power Antenni Ht. Coverage Radius Coverage \rea
10 wates) L€ (miles) {8, ™0
5 S00 14 Gl

P 1000 48 7238
120 2000 63 1246R

O

ERIC

Aruitoxt provided by Eic:



. -11-

Table 2.1: Cost of Typical Educational FM
Programnirg Equipment (8) (9)

(o)
Quantities Total Cost (§)
Studio Prcduction Room
Microphones 2 4 450
Microphone Hardware 90
Audio Mixers 1 1 6400
Turntable with
tone arm and 2 2 1400
cartridge
Reel-to-Reel
Tape Recorder 2 2 4000
Cartridge Tape
Recorder 2 1 3400
Headphones l 2 180
Monitor Amplifier 1 250
Speakers 2 2 500
Maintenance and
Test FEquipment 3000

Total $19,670




-12-

Table 2.2: Typical FM Transmitter Costs
Versus Qutput Power Level (1)

(1970)
Transmitter Output Power Costs.
1 kw § 7870 + $ 200 for spare
5 W §15,745 + & 531 for spare
10 KW $§20,995 + § 661 for spare
20 KW £28,345 + § 767 for spare
10 kW 264,050 + 81534 for spare

Additional Transmitter Equipment Required (8) (9)

Tvpe Cost

“requencyv Monitor $600

Mono/Stereo Modulation

Monitor $1500/82500
SCA Frequency and
"~ Modulation Monitor* $1100
Multiplex Monitor ** $500

*Nanded if station broadcasts SCA.

e*\Naaded if station broadcasts in stereo.

tubes

"



Table 2.3: Typical Personnel Requirements for
an FM Educational Broadcasting
Station (X)

Tvoe (full-time) Number Estimated Annual Salary (1974)
General Manager 1 $15,000

Chief Engineer 1 $10,000
Programming Personnel 3 $ 7,50d cach
Announcers 3 $ 7,500 each

Secretarv/Receptionist 1 $ 6,000

Note: Depending upon the amount and type of programming originated
locally, additional full- and/or part-time personnel might
ne required.
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cropagation fover the electrical "line of sight” from the antenna), and
hv a phenomenon known as "skip” propagation (by bouncing hetween the
earth's sur 'ace and the ionsopherel. CGroundwave propagation is not
subiect of "fading" - random signal level changes. Skip provuagation,

anothe other hand, is subtect

rt
o

fading due to changing ionospheric
conditions and due to multipath Jistortion.* Thus, the primary service
area of an AWM station is limited to its groundwave coverage area.
interference, the second term in the FCC definition, is caused
bv natural electrical pheromenon (e.g. lightning discharges) and by man-
made clectrical cquipment {e.g. fluorescent lamps, automobiles, etc.)
whenever anergios in the AM broadcast band are created. Natural inter-
Farence varies seasonally (there are more lightning storms in the summer
than the winter), and due to the large amounts of energies involved,
zovers large regional areas, while man-made interference understandably
is greater in densely populated areas than sparsely populated areas,
and is generally local in nature due to the small amounts of energy
involved,

The amount of interference is measured by the ratio of received

Ji

1gnal strength to received noise. Signal strength can be computed by
the oguation Simillivelts/ meter) = A/r<, wherc A is the signal
serength 1n millivolts ner meter (mv./meter) one mile from the antennn,

and r 1s the Jistance from the antenna in miles., Noisc interfercnce,

*1f twe or more parts of the wave follow slightly different pathz «. the
receiving noint, the difference in path lengths will cause a nhase
difference hetween the wave components at the recerving antonn:, "o

tntal trongth of the received sigmal will he *he vector sun of the
receiseod components, and can he greater or less than any one nf the
individual wave components; thov mav interfere ¢onetrnctivoeny v
destructively with eack other,



because 1t is unpredictable, is generally measured at the particular
location of interest and an average value of noise is computed.
For vear-round acceptable reception in rural areas (a good use for

AM radio}, the FCC states a minimal! signal strength of 0.25 mv./meter

,,
wi
-3

ecessarv. (113 This statement assumes that the average value of
noise interference in rural arcas iz the same everywhere. From araphs
surplied v the FCC (12}, the prime coverages specified in Table 3.2
are available for the different classes of AV radio station as a func-
tion of soil conductivity. The average value of - (the conductivity of

o] -

s0i! in mhos per meter) is 10" for moist soil and 10 ° for dry soil., M%)

The coverage fignres given in Tahle 3.2 are approximations of tho
prime coverage areas which can be expected for a given class of AM
station and given ground conditions: the actual prime coverage area can
be larger or smaller, depending upon local geography. Reception outside
the glven ureas is peossihle, hHut reception becomes noorer as one gets
further from the transmitting antenna(s). For educational radio pur-
poses, coverage will be considercd to "¢ only the prime service area.
Similar coverage figures can be derived for urban areas, but this wjl'
not be done in this report, as anv broadcast radio services for urhan
areas could he provided by FM radio; "V radio, with its higher bandwideh
and relative noise immunity, is nreferred for nroviding hroadcast audio
services.
<.4.2 Tvpical Costs for AM Radio

Table 4.1 lists the programming cquipment needed for a tvm . cal
educat.onal AM broadcast studio, with cgquipment prices estimoted whor
possinie. Building costs frent, utilities, soundproofing, etc.) arc -o*

included. As transmitter cos*s vary according to the power outmit of
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Tabhle 3,1
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Table 4.1: Cost of Typical Educational AM
Programming Eguipment (8) (9)

1970}
Quantities Totai Cost
Studio Production Room

Microphones - 4 450
Microphone Hardware 90
Audio Mixers 1 1 5000

Turntable with
+one arm and 2 2 1400

cartridge

Reel-to-Reel
Tape Recorder

19
[ S
La
=
f
<

Cartridge Tavne

Recorder - 1 275¢C
Headphones 1 2 150
Monitor Amplifier 1 100
Speakers 1 1 15¢

Maintenance and
Test Lquipment 3060

Total $17090

T
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the transmitter, prices for several different levels of transmitter
power are given in Table 4.0, Antenna tower costs range trom

$100.00 to $300.00 per foot, depending upon the location and condition
of the antenna site. Note that multiple towers may he needed for
Jirectional antenna arrays.

The number of tyvpes of persornel which would be required to operate
an AM educational radio station are largely dependent on the type of
nrogramming which is broadcast. Stations which broadcast mostly pre-
recorded material such as music, svndicated news, etc., would not
require the large production staff needed by stations that develop most
of their own programming. A l!istinyg of the personnel needed to operate
a tvpizal AM educational radio station, along with their estimated
annua!l salaries, is given in Table 1.3.

2.5 COMPARISON: AM BROADCAST RADIO V3. FM BROADCAST RADIO

AM radio has one important advantage over FM radio. Comparison of
Tables 1.2 and 3.2 shows that AM radio allows typicall“ four times the
coverage area of an equallv powered FM station, making it more practical
for rural service applications. Also since many more AM than FM
receivers are owned, AM radio is able to be received by more people in
most areas. This fact is especially significant in rural areas too far
from populat.on centers to normaliy receive FM,

Besides interference due to noise, which affects AM more than M
hecause of FM transmission's ability to trade bandwidth for noise
immunity, AM radio has disadvantages which deserve mention in that they
affact the utility of the medium for educational purposes. Unlike F\
radio, which has specific freaquencies reserved for educational use only,

C e

AM educational radio has to vie with commercial broadcast services for




Table 4.2:

-20-

Transmitter OQutput Power

0.5

1.0

5.0

kW

kW

kW

kW

kW

spare
spare
spare

spare

Typical AM Transmitter Costs
Versus output Power Level (9)
157

Cost

85975 + § 209 for

$6295 + § 200 for

$21000 + § 805 for

§22095 + $1035 for

$99950 + $3880 for

spare

Additional Transmitter Equipment Required (8) (9)

Type Cost
Frequency Monitor $990
Modulation Monitor €795

‘e
S

tubes

tubes

tubes

tubes

tubes



Table 4.3: Typical Personnel Requirements for

an Educational Broadcasting
Station (8)

Type (full-time) Number Estimated Annual Salary (1974)
General Manager 1 $15000

Chief Engineer 1 $10000

Programming Personnel 3 $ 7500 each
Announcers 3 $ 7500 each
Secretary/Receptionist 1 $ 6000

NOTE: Depending upon the amount anu type of programming originated
locally, additional full- and/or part-time personnel might
be required.

‘ .
i ad
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channel sonace,  Moreover, the characteristices ot W detection (the
nroces s Dyowhich the information < extracted from the received sienoa’

make AM more subject to adiacent channel interfercnce than PML T two

vy,

A
o e

forent ©M stations are received simultaneously by the same receiver,
the stronger received signal completely covers the weaker of the two nd
onlv the stronger is received; this is called the "eapture effect.”
when two <tations are received on AM radio, how ver, both arce heard.
This interfarence problem is compounded by AM radio's ability to prona-
gate Sv bouncing from earth to the ionospherc and back; during the
night, tonper Jdistances are covered by this method so that an M
irat1on whioh Jduring the dav receives no interference may at night
recoive ohlectionable interference, FM's higher transmission fre-
suencies oliminate this effect. Thus, the FCC permits the major
stations of a region to operate twenty-four hours per day, while lower
rowered stitions serving onlv part of a region are restricted to opera-
tiom oniv Juring the daylight hours when there 1is little chance of
mutal interference.  This is significant with respect to educational
stations .n that most adult continuing education would be carriel irn
the oyverings when its audience is at home. However, unless a powerful
veangmittor wore available *o the AM educational station, it would he
rangs rocd *a shay Jdown Juring the evening hours, eliminating any
possibility of effective adult education. In addition, the low bam--
width of AM radio 15 KMz}, while acceptahble for specch, does net o7 oon
high fidelity music or stereco reception, which for educatioral ruarposcs
is not necessary hut in some cases desirable.

M oradin 1'so allows onl!v sne channel por transmitter, nrociudine

the possihility of multiple programming from any one source. m e



other hand, FM broadcasters have been awarded the use of SCA (Subsidiary
Communications Aufhorization) (1) c¢hannels allowing up to three pro-
grams to be transmitted simultanecusly per station (i.e. stereo
broadcast + one SCA channel, or monophonic broadcast + two SCA channels).
SCA Programs cannot be received on conventional FM receivers, because
FM receivers require a special adapter for SCA reception, but they
offer a convenient format for transmitting programs to specialized
audiences. Potential uses include education in the home, facsimile
transmission of newspapers, and providing medical information to
phvsicians. (1)

Summarizing, FM broadcast is superior to AM broadcast for education-
1l radio services in all cases except those in which the required
coverage area is so large that AM hroadcast, with its greater effective

service area, is the only practical solution.
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3. BROADCAST EDUCATIONAL TELEVISION

3.1 INTRODUCTION

Adding the visual dimension to educational radio, there were 220
educational television stations in the United States as of July,
1972 (14). Educational Television (ETV) can teach some subiects that
cannot be taught over educational radio, due to radio's lack of graphic
display capabilities. Some educators feel that the ultimate promise of
television may be greater than that of radio for delivering effective
educational programming: (13) comparison of the two media, however, have
not alwavs shown this to be true. (16)
3.2 REGULATIONS

very High Frequency (VHF) Television has been assigned twelve
channels of six-MHz bandwidth by the FCC. These channels, which have
heen designated channels 2 through 13, arc located in six-MHz frequency
hands between 54 and 216 MHz, with gaps between 72 and 76 MH: and
between 88 and 174 MHz (17). Of these twelve channels, a maximum ot
seven {channels 2, 4, 5, 7, 9, il, and 13) may be used simultaneously
in anv region (18): this restriction guards against the possitility of
interference hetween stations on adjacent channels. Ultra-High Frequency
FHEY Television occupies fifty-six, six-‘tz channels
(designated channels 14 thru 6Y) in frequency bands between 470 and 800
MHz. ‘17) While UHF television offers almost five times the potential
number of channels that VHF does, due to practical problems discussed
later, it will be shown that VHF channels are more desirable than %,
this fact accounts for the low usage of the UHF hroadcast band.

Table 5.1 contains the FCC restrictions on maximum antenna heinn®

and visual effective radiated power of the various channel aagigament:

]
L TV
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Table 5.1 Restriction of ERP and Antenna l!llcight
by Television Channel Assignment (20)

Channel Assignment Maximum ERP Maximum Antenna Ht.
2-6 - 100 kY (20 dbk)* 1000 ft.**/2000 fr.*
T-13 316 kw (25 dbR) 1000 ft . **/2000 ft.*
14-69 5 MW (37 dhi) 1000 ft.**/2000 ft.*

*dbk = decibels above | kW power

**Cor stations located in Zone I, which contains Illinois, Indiana, Ohio,
West Virginia, Pennsylvania, Maryland, Delaware, Connecticut, Rhode
Island, Massachusetts, and portions of Wisconsin, Michigan, New York,
vVermont, New Hampshire, Virginia, and Maine. (21)

*For stations located in U.S. and possessions outside Zone I.
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Visual effective radiated power is Jdefined as the power output of o
station's visual transmitter (ooenarate transmitters are used tor the
visua! and audio portions of the hroadeast signal), multiplied by the
galt of the transmitting antenna. (19)  To achieve gain in an antenna,
the antenna ix Jdesigned to focus power in some directions, while
radiating little power in others. (An analogy to this is the reflector
in 4 rlashiivcht, which takes the relatively weak glow of a small
light bulb and concentrates it into a powerf;l beam of light.)} Thus
1 002 -4 % transmitter feeding an omnidirectional antenna would have
An effective radiated power (HRP)  of one L\w, while a one Kiv trans-
mitter foeding o directional antenna with a power gain equal te 4
5 would nave an ERP of 1w
Tahle © gives the maximum limit of coverage for various antenna
heights assuming maximum ERP to the antenna. Unlike Tables 2.2 and
3.2 for ¥V and AM radio respectively, no coverage areas are given.
This :5 Secause unlike the AM and FM cases where nower limitations were
on actua! transmitter power output and antenna height, allowing cal-
culation nf the area of coverapce as a circle whose radius was the
timit of coverage, for a given ERP, a television station's arca of
coveragze may or may not be circular, depending upon the characteristics
o the antennd.

The maximum limit of coverage for UHF stations (channels 14 througn
330 an Tabhle & needs to ho qual:réficd as follows:
!; The limits of coverage given in the tahle are for the

maximum ERP for the Qifforent (annel

¢ i - —— ot e =+ Ak A <2 rp——————————

*Ane *% = nne kilowatt = one thousand watts.

A



Table 5.2 Minimum Field Intensity to be Provided Over Entire
Principle Community Served in db. Above

S N }

1 av/meter (dhu) (22

Channel Assignment Minimum Field Intensity
< thru o 74 dbu
7 thru 13 77 dbu
14 thru 69 80 dbu



Table o, Maximum Limit of Coverage of Television
Station hy Channel Assignment and
Antenna Height (23)

Channe! Assignment Antenna Height Limit Coverage
2 thru o 1000 feet 28 miles
2 thru o 2000 feet 42 nmiles
* thru 13 1000 feet 38 miles
T othru 13 2000 feet 33 miles
{4 thru 2Y 2000 feet 59 miles*

v

Th.s figure may he misleading; see text.

] _..L:_’
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assignments; for UHF, maximum ERP is generally achieved
through the use of a transmitter equivalent in power to
those used in the VHF bands, along with a highly direc-
tional antenna system. Thus, while the limit of cbverage
for UHF is larger than that for VHF, the area of coverage
for UHF, due to the narrowness of the highly directional
UHF antenna's beam, is smaller than that of VHF.

2) In its Rules and Regulations (23), the FCC notes that
because this figure was gotten by graphic interpolation
rather than field measurements, it is optimistic for
distances greater than 30 miles, especially when con-
sidering interference from ncighboring transmitters, so
that actual limit of coverage will be less.

Summarizing, given maximum effective radiated powers for each
channel assignment, VHF will generally have a larger coverage area
than UHF broadcast services. Should broadcast educational sefvices
be widely used, lack of available VHF channels would force many of the
stations to use the UHF bands. e
3.3 COSTS

Table 7.1 lists the equipment and cost required for a studio
capable of supporting four channels of educational television programring:
required studio personnel,‘officc staff,.and their salaries, along with
average programming costs are listed in Table 7.2. Reprcsentntive costs
for IMI stations (single channel) are given in Table 8. Table 9.1 lists
other fixed costs associated with single channel UHF hroadcast stations,

while Table 9.2 lists annual opérating [ “ixed! costs.

. =
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Tahle *.1 Broadcast Television Studio Equipment and Costs (24

ot
Quantity Item Fixed Costs
e ——
& Color cameras, broadcast quality 380,000
Video-Audio Switching Equipment $150,000
N 2" Video Tape Recorders $§240,000
4 1" Helical scan  video tape recorders $ 40,000
! Fiim/Slide Chaln Fquipment $1i2,00n
2 film cameras
2 film proyectors
! slide projector
Multiplexer Unit
Audio Equipment §100,000
I'd
3 consoles
monitors
mike and sprakers
Studio Lighting $100,000
: Remote Pickup Van $350,000
Includes 3 color cameras and a
video tape recorder
§1,572,000
]
Noro: This studio is shared by four stations,

. -
-




Table 7.2 Operational Costs for Broadcast
Television Studio (24

(1973)
Wages and Salary
2 Shifts
2 Directors 1 8§12,000/vr.
b Cameraman 8§ 9,000/vr.
t Engineers 1 §10,000/vr.
- Light men £ 8 9,000/yvr.
2 Audio men 4§ 9,000/yr.
2 Announcers + $10,000/vr
Office Staff
X Administrator * §10,000/yr.
1 Clerk 28§ 7,500/yr.
1 Accountant 1 .§10,000/yr.
Total

Programming

Films and Tape Cost
Artists (talent cost)
Royalties and License Fees

Total

Note: This studio is shared by four stations.

¢ wd

Fixed Costs

24,000
54,000
60,000
18,000
18,000
20,000

& 1A o B A M

$ 10,000
$ 7,500
$ 10,000

$221,500

Variable Costs

$174,000
S 9,000
$ 57,800

$240,800
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Table 9.1 Other UHF Broadcast Station
Costs (Fixed Costs) (26)
(1973)

(Single Channel)

Item Cost
Control Console $ 7,000
Input and Monitoring Equipment $18,000
Test Equipment $9,100
Spares $ 8,000
Building and Land $31,600
Installation $£30,000

£103,700

fe
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Table 9.2 Broadcast Station Annual Operational
Costs (Fixed Costs) (20)
(1973)

(Single Channel)

Item Cost
Engineer (5) 15,000/vr. $75,000
Technician (5) 1.2,000/vr, $60,000
Repair Parts $10,000
3uilding Maintenance and

Utilities $ 1,800
Tower Maintenance and < 2 000
Jtilities e
[nsurance $ 3,700

Total for COne
£152,500

Broadcast Station

1 PR

fared




3.4 PACTORS INHIBS.TING BROADCAST EDUCATIONAL TELEVISION

n.nce broadeast television is a service capable of bringing
education 1nto all homes in metropolitan areas, the problems limiting
widespread use of educational TV must now he discussed. Unlike M
educational radio, which has specific froguencies set aside for its
use, educational TV must vie with cormmercial broadcast stations for
channel assignments. This would seem to be of little conseuuence
considering the size and relative disuse of the UHF broadcast band.
However, as discussed in Tableo, YIF television has less effective
coverage area than VHF television due to the higher carrier freguencics
used, masing equal coverage more expensive if not impractical. In
addition, most commercially availanrie M'¥ tuners compound the UHF signal
reception problem. They have poor adjacent sicnal selectivity, and
ther are harder to tune correctly, all but the newest being designed
for continuous tuning rather than "click" tuning as in VHF.

The factors described make comretition for the \VHF broadcast
channels in any area great, and have discouraged the use of the INF
broadcast hand., better UHF tuners are becoming available, but wide-
spread use of these will take time. In the near future, use of the IIIF
breoadcast band will remain light.

5.5 EDUCATIONAL TELEVISION NETWORYS (27)

Because television programming is more cxpensive to produce than
radio programming, locally originated TV programring tends to reflect
the 2ims of the organization holding the station license. In the
major categories of license holders, programming on university-run

stations tends toward public cultural enrichment, extension trairing
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(especiallv in the case of land grant schools), student training and
teaching, and public relations; stations run by public school svstems
concentrate on programming to assist their own staff. Locally
originated programming, due to inexpert participants and lack of funds,
is generallv awkward compared to commercial programming, which typically
budgets one hundred times as much for a given length of program.

To allow educational television stations to concentrate on
producing several good programs per year rather than many programs of
varving quality, six regional ETV networks have been formed. These
network's members share production of programming and facilitate
interstation exchange of ideas and cooperation.

The Eastern Educational Network (EEN) is the oldest, most presti-
gious, and perhaps the most successful of the regional networks, As of
January 1970, it had twenty-five licensee members representing thirty-
eight transmission stations in ten states and the District of Columbia;
TEN's library of films and tapes held 891 instructional and 725 public
television programs. Distribution within EEN is accomplished by
private microwave, common carrier, and circulation of video tapes.

The Midwestern Educational Network (MET) had six affiliate members
as of 1970. Its members are interconnected by microwave facilities that
they own, and pay no "affiliation fee,” but are instead paid by MET
for carrying MET's program. One possible drawback to this system is
that viewers might miss programming of value that cannot '"pay for
itself" due to the priority given to funded programs.

The Southern Educational Communications Association (SECA) was
organized in 1967 to undertake almost any kind of cooperative activity

wh night prove to be necessary in educational communications. As



of January 197C, it had twenty licensee members with forty-eight trans-
mitters.in eleven states, making it the largest of the regional networks.
Because SECA has appeared to some primarily as a pressure group for

"the South', several Southern ETV stations do not belong. SECA has no
interstate connections, but quite a few states within SECA have intra-
state networis for program distribution.

The Central Educational Network (CEN) is the midwestern counterpart
of EEN. As of January 1976, CEN had nineteen licensee members with
thirty transmitters serving twelve states. within CEN, program distri-
bution is by mailing of videotape.

The Rocky Mountain Public Broadcast Network (RMPBN) receives
nationaily distributed ETV programs in Denver, Colorado, and along with
‘ programming produced regionally, feeds them to affiliates in the Rocky
Mountain area over AT&T facilities. It is also possible to delay the
transmission of programs from Denver to the various affiliates, allowing
nationally distributed programs which are broadcast at times appropriate
to the Eastern Time Zone to be shown when audiences in the Rocky
Mountain area are most likely to see them.

The Western Educational Network (WEN) is a confederation of twenty
stations, of which three are also in the RMPBN. Except for these three
stations and the ETV station at Las Vegas, all members are located in
California, Oregon, Washington, and Hawaii. Interconnection is via ATHT
facilities, with station KCET (Los Angeles) acting as regional delav
center; little cooperative programming and program exchange occurs
within WEN.

A network to facilitate the exchange of quality educational pro-

gramming nationwide was also formed. In 1954, National Educational Tele-

vision NET) was created as a sevvice of the National ducational



Television and Radio Center (NETRUC). While initially NET_wus conceived
as an “exchange center" for programming produced by member stations, \EU
gradually got more involved in the production of cducational programming
for the general public, providing five hours of new NET programming

ver week to affiliates. Individual stations also draw upon NET's vast
film and video tape library for additional programming.

In 1963, the Ford Foundation (which took over basic support of
NETRC) announced the first of its six million dollar grants to finance
the program service of NET. At this stage, NET turned over to other
agencies its previous activities in educational radio and television
station activation and welfare, concentrating all resources on one
objective: a television programming service of substance and quality,
to be provided to the American people through the nationwide network
of noncommercial ETV stations affiliated with NET.

NET devotes at least half of its resources to programs in public
affairs in an attempt to provide information, awareness, and to induce
people to think critically about public issues. The rest of NET's
srogramming falls into two categories: cultural programming and
programs for children.

In 1967, as the result of a report of the Commission on Educationa’
Television sponsored by the Carnegiec Corporation of New York, Iresident
Johnson sent a proposal to the Congress calling for immediate action o
extend and strengthen educational television, to increase federal supoo=s
of public television, and to establish by act of Congress a new institu-
tion for public television. The resulting Public Broadcasting Ac* of
1967 included the creation of the Corporation for Fublic Broadcasting

(CPB), a non-profit organization empowered to receive funds hoth fron
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government and private sources. (PB's role was specified as being to
strengthen local public broadcasting stations, to develop (but not
operate) an effective national interconnection of these stations, and
to augment the national inventory of programs (but not to produce any
programs itself).

In the early days of CPB, NET munaged program distribution and
live interconnection (on a limited scale) for CPB because CPB was
forbidden to operate a network. Since November, 1969, however, when
CPB created a new non-profit private corporation named the Public
Broadcasting Service (PBS) to select, schedule, promote and distribute
national programs to the countryv's noncommercial ETV stations, NET

has concentrated on program nroduction,

~J

BS is a user-controlled distribution system and is responsible
to the stations it serves. Supported through private sources and CPB,
its ten member governing board is made up of five members of local

)

—
Fe-
[

2

=

television operations, two members chosen from outside the

1
e

3

dustry, and the presidents of CP8, NET, and PBS.

In January 1971, a survey conducted by PBS showed that fifteen states
a3z compieted interconnection of their ITV facilities. Of these fifteen,
nine owned the network while the remaining six used either common carricr
or private facilities. In many states, the network is multipurpose,
being used for instructional television, medical education and experi-
mentation, and public television distribution. Of the fifteen notworks
surveved, Indiana had forty-three TV circuits and was capahle of
carrying ten simultaneous TV transmissions over the entire network,

while nine »f the states had only one video circuit. The total capita:

S
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nvestment in state and privately owned facilities was over $7 million,

while the total annual payment for leased facilities amounted to $4.00

million.
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3. INTERACTIVE MEDIA FOR EDUCATION

This section will discuss interactive communications media that
are either presently providing educational services on a limited or
experimental basis (e.g., PLATO IV and TICCIT) or could be used for
providing educational services if made commercially available (the
Bell System's PicturephoneGD).

4.1 INTERACTIVE TELEVISION

While broadcast television can provide educational services at
no charge to families having suitable receivers, such services have
several limitations placed upon their effectiveness by the broadcast
nature of the transmission system.

Educational programs are broadcast according to a fixed schedule.
This limits such programs' effectiveness, in that although a program
is of particular interest, parts of its potential audience might find
it cither inconvenient or impossible to view at the scheduled time.
Also, since programs are broadcast to a mass audience, subject matter
is limited to subjects having some degree of mass appeal.

{deally, an educaticnal system should have the capability to
judge user comprehension and offer supplementary instruction to clarity
roints still puzzling to the user. Due to the one-waycharacteristic
of a broadcast transmission system, this is difficult if not impossihle
to implement.

4.1.1 TICCIT

The Mitre Corporation, in an effort to prove the effectiveness of
education via television, has developed an interactive television
system known as TICCIT. (28) Viewers can interact with the svetem hy

using a sixteen button pad or optional full alphanumeric keyhoard

e
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through which the viewer can sclect subrect matter, dnswer questions

and request surrlemental instruction. Information transmission 1%

done via coix.d: cable.

\ coaxea! cable consists of a wire i(center conductor) surrounded
mder of dielectric whieh 1w in turn surrounded by a metail:re
sheath and an outer laver of insulation. Coaxial cable has two
aronerties which make it desirable in wired transmission systems:

1) [t has 4 nominal bandwidth of 300 MHz; that is, enough to carry
£ifty, six-\fiz bandwidth television channels, 2) Tt is non-radiating,
meaning that signals sent along a coaxial cable are contained on the
ca~le and not radiated into space. This prevents interference to
externai signals.

Thore are *wo types of TICCIT systems under development: a system

sr the delivery of educational services within institutions (e.g., an

T

lectroniz study center for a junior college), and a system for the
A liyers o interactive TV, including computer-aided instruction CEATY
into the home.

The TICCIT system for institutional use (29) has 128 terminals,
sach consissing of a color television screen, a full keyboard for
interiction with the svstem, headphones for audic programning, and &
digital video refresh memory (VM. Programming is selected by inter-
action with the svstem computer and can include video tapes {cach
cowmingl can show video tapes up to 3% of the time), high-¢12clity audic
“the zvstem includes random access audio storage with five hour cani-
citv), comnuter generated graphics (graphic displays are made up ¢f
line segments upon a 100 by I56 line grid), and computer generates
alphanumerics (up to seventeen lines of fortv-one characters in severn

“nlors .
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Visual programming is to contain at least 92% sti&l framc; (i.é...
alphanumeric or graphic displavs containing no motion); these still
frames could be displayed by the svstem several ways. First, as is
done on broadcast television, the still frame could be repeatedly
transmitted to the terminal for display. This would tie up 5 MHz of
cable bandwidth for each terminal in use and require separate line and
character generators for each terminail. TICCIT uses bandwidth more
efficiently by a method which involves generating each required frame
once and transmitting it to the appropriate terminal. At the terminal,
the frame 1s recorded by the video refresh memory, then repeatedly
played back until a new frame is required. Using this method, the
cable and frame generation equipment are in use only 1/60 second for
each new frame required, allowing the cable and the frame generation
equipment to be shared among more terminals.

Interaction on TICCIT is accomplished quickly. When all 128
terminals are in operation, the key echo time, which is the time hetwecen
the pressing of a key and the displav of the character on the terminal
screen, is 0.2 second. The courseware (computer control program) rcs-
ponds to interactive requests within 0.2 second. (30) System cost is
outlined in Table 10,

While the interactive television system for institutional use
would be solely usec fof educational purposes, to bring interactive
television into the home requires a services package attractive orough
that viewers would subscribe to it. Mitre is developing an cxperimental
TICCIT system to deliver interactive services into the home through
cable TV. In addition to educational services, the svstem could »ct

as an 1nformation source, carrying employment and availahle social
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Table 10. Costs of an Institutional TICCIT System® (29, 30)

; NEREY

A. Courseware*" $375,000/full scmester

B. Staff and Spare Parts Replenishment 20,000/year

C. Hardware
Main Processor (with 48 K core) 33,000
Terminal Processor 20,000
Card Reader 4,000
Line Printer 18,000
Magnetic Tape Unit 10,000
soving Head Disc Control (2) 17,000
Moving Head Disc Drives (3)*** 36,000
Fixed Head Dis¢ Control (2) 7,000
Fixed Head Disc Drives (1) 5,000
CRT Terminal 3,000
Computer-to-Computer Link 2,500
Character Generator 7,000
Kevboard Interface 5,000
\Vector Generator ' 11,000
Audic Response Units (20) 60,000
audio Response Control & Switching 10,000
TV Sets (color) (128) 38,400
~cvboards (128) 19,200

Nigital MOS Refresh Memories,
Saturated Color, No Cray Scale (128) 112,000

Signal Processing Amplifiers (128) 32,000

video Tape Players (20) 16,000

Refresh Control Electronics 10,000

TV Modifications 25,600

Total 8501,700

D. Original Test Equipment and Spare Parts $20,000
£ Egstimated Cost Per Courseware Student Hour $1.00

*For the most part, these figures were obtained from Ref. 29. In
some cases, due to change in system specifications or technological
advances, more recent 'fitre publications give different figures. In
these cases, cost figures from Ref. 30 were used.

«#This figure is the development cost of a full semester CAI crurse;
were the system to he mass produced, standard courses could ro 7
he rented or purchased more cheaply from the supplier.

«x#f the three discs used by the basic system, one is used for system
record-keeping, while the other two hold two semesters of courseware
each. Should additional coursework capacity be desired, discs cun
he added to the system, Discs cost $12,000.00 each.

St




services information, reviews of political candidates, instructions for
income tax preparation, etc. It would also allow personal record
keeping and automati: reading of utilitv meters.

The topology of a standard cable TV network (i.e., one used only
to provide non-interactive programming) is shown in Figure 1. In this
so-called "tree network', programming for the entire network is
carried on a trunk cable which is shared among all the subscribers of
the cable network. The repeaters spaced periodically along the trunk
cable are amplifiers; they compensate for signal loss in the trunk aﬁd
heep signals at levels suitable for good television reception. Customers
are connected to the cable network by "tapping" the trunk cable and
running a short length of small-diameter cable from the trunk to the
customer's home. The tree configuration has the advantage of allowing
an area to be wired for CATV services with the least amount of cable,
and thus is the configuration most used in non-interactive CATY
systems.

ror a cable system offering interactive services, however, the tree
configuration has a great disadvantage. Because of limitations in the
frequency response of coaxial cable, the number of channels available a
on a cable are limited. In addition, the interactive services must
share the available channels with standard hroadcast programming. In
the tree configuration, becausc all customers are connected to the
system's hoadend through the single trunk cable, the few channe's
available for interactive services must he shared by all of the inter-
active subhscribers. This generally limits interactive services on
tree-type networks to polling of on/off switches and similar low

data-rate services.

.
(]
[Pr. R ]
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To make available to interactive users the full o-Hz bandwidth
needed tor video transmissions, a cable configuration of the type
shown in Figure 2, the hub configuration, is used to deliver TICCIT
services. The headend of the svstem distributes all broadcast nYo-
gramming over the supertrunk to each hub within the svstem. At each
hub, the cable networh is further hraken up into cells; cach cell can
b taought of as a small independent, tree-type cable svstem. The hub
Jdistributes the common broadcast programming to each of the cells; in
addition, the hub contains a complete TICCIT computer system which
suppiies interactive services to the users within the cells. The
chief difference between the two configurations is that while the one
set of interactive channels available 2.+ shared among all of the
system's subscribers in the "tree' cable configuration, each cell of
thi. hub-configuration cable systcr has its own set of interactive
channels. In this way, the number of subscribers being serviced by
Uset of interactive channels_in the hub-ronfigured cable system is
reduced by 1 factor equal to the total number of cells within the
cable svstem,

Each interactive channel has access at the hub to a VRM which
comprises one of the output ports of the TICCIT computer. In this way,
TIZCIT users arc not required to have individual frame prabbers in
their homes, which would greatly increase uscr costs. Instead, thev
can share frame grabbers by sharing the available interactive channels.
This sharing can cause problems, however, if too many users are
assigned per cell, as excessive waiting lines for TICCIT services wi'!l

develnn,

LN
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In the design of any interactive system, the utilization of the
limited service facility must be considered. Should too many terminals
be assigned to the shared service facility, or should users attempt to
utilize more service time than the system can supply, system users
will receivé "busy signals” too often and will have to wait excessively
long before interactive service becomes avai:rable. This problem should
be avoided; it detracts from the interactive system's main advantage
over conventional information sources, instantaneous responses.
Similarlv, care must be taken to insure that the service facility is
not underutilized; this would result in users having to pay excessive
service fees to support the system.

Each cell of the TICCIT system provosed for Stockton, California (31)
can be represented by the queueing model shown in Figure 3. The fifteen
interactive TICCIT channels available per cell are represented by the
fifteen servers in the model (N = 13). These servers are available to
the M TICCIT terminals serviced per cell. Should a user request
interactive services at a time when all N channels are in use, the user
enters a waiting line (first-in, first-out) and is assigned an
interactive channel as soon as it becomes available. This is implementad
in the proposed Stockton system by the TICCIT computer's ability to
telephone waiting users to inform them that an interactive channel has
become available, As each tefminal's service requirement is satisfied,
it returns to an idle state until a new service request is made; the
TICCIT channel which supplied the service is made available to other
users.,

Assumptions‘concerning the system's operating characteristics

made in the queucing model are as follows: 1) terminal idle times (the
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times during which individual terminals are neither in use providing
interactive services nor in the waiting line waiting for an interactive
channel to become available) are exponentially distributed with a mean
T4, which is constant throughout the day. This assumption will some-
times give a conse-vative estimate of the probability of a user finding
all TICCIT channels in use, as service requests are likely to be
clustered rather than evenly distributed throughout the day. It is
anticipated that there will be relatively few service requests during
the morning and the afternoon, as many of the potential system users
will be away from home because of johs or school. During this period,
the system will be relatively underutilized, and the probability of

a userhaving to walt before recciving interactive services wiil be
lower than average. Similarly, there should be a greater than average
number of service requests during the evening, when most of the
svstem's potential users will he at home. During this period, the
prohability of a user having to wait before receiving interactive

services will be greater than average.

<) Servicing times are exponentially distributed, with mean TS.
The validity of this assumption is dependent upon the mix of inter-
active services offered; until "hard” data of actual system usec is
available, this is an appropriate queueing theory assumption. 3)
The mean waiting time in the service queue is designated Tw‘

The load factor for individual terminals, X, is defined as *he
mean fraction of time cach terminal will nse interactive service.*

For example, should cach interactive terminal

O P

_“ ‘ * . cud
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use an average of one-half hour of interactive services per ten

hour period, the terminal load factor is 0.05. Similarly, the waiting
factor, Y, is defined as the mean fraction of time users will wait for
interactive services to become available.* Gifen X and Y, the service

rat1o 2 can he defined as

_ avg. time terminal idle _ 1l -X-Y
av.e. time terminal serviced X

[ ]

Denote hy Py the probability that K terminals are being serviced or
are waiting for service. For ! < X < N, this means that K interactive
channels are in use while N - K channels are idle. For N < K < M, all
N interactive channels are in use while X - N terminals are waiting
for service., If K = 0, no users have requested service and all of

the interactive channels are idle.

Using queueing theory techniques, (32) the difference equations

governing the PK's have been found to be

M-
\J——l-(- ('zl')Pl( ForO_<_K<N

ne ]
a1 T ) uek (1
A+i - .
(T (E-)PK fO!‘NiK<M

With these equatiuns, expressions for P, thru P, in temms of P_ can be

found. The value of Po can then be determined by the total probahility

law
v
p(.) +* E , PK = ]
K=1
Y = _jw
T+ 1, + T,

A
-
(W




Given PO, the values of P1 through P, can then be determined.

L,» the mean length of the s~rvice queue, can be calculated from

the values of PK by the relationship

L, = ?“ (K - N) P

The probabilitv of a user having to wait before an interactive channel

becomes available can be calculated as

=
]
—

M
Prob (System Busy) = :z: PK =] - PK (by the total probabi-
=N lity rule)

o
1]
&

The approach used here in calculating the various queueing para-
meters of the TICCIT model is as follows: M, the number of terminals
per TICCIT cell; N, the number of interactive channels per TICCIT cell;
and X, the terminal load factor, are specified as input data. Y, the
terminal waiting factor, is initially specified as being zero,
allowing approximate values for PD through RJ to be determined. Given
these values, L,» the mean length of the service queue can be determined,

allowing a new value for the waiting factor, Y', to be determined from

Y= L /M,

L (T +T)
V a S

M- L
w

*from queueing theory, (32) T, =

To convert this into an equation containing X and Y, normalize Tw +
T.+ T, = 1. Then T, = X, T, =Y, and 'I',1 =1 - X - Y. Substituting,

3

L, (- X=-Y) 4+
M- L
w

"y
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This new value for the waiting factor, Y , is then compared with
v, the value of the waiting factor used in the computations. 1f

LI * - » - *
Y - Y < .01lY, Y is considered an acceptable estimate of the woiting

——

factor and the queueing parameters computed with the waiting factor V

' '

are used. €'Y - ¥'!'s 01y, however, Y is substituted for Y in the

-~

equations and the queueingparameters are recomputed. This iteration
continues until a value of Y such that 'Y - Y''< .01V is found.
“igures 4 and 5 illustrate the effect of overutilization of the
shared service facility upon the probability that users must wait
before re.civing interactive services. In Figure 4, the number of
TICCIT terminals serviced per cell is varied while holding the per -
terminal load factor constant at 0.05 {i.e., thirty minutes service
per ten hours). It can be sven that the probability of a user having
to wait for interactive services to begin is highly dependent on the
number of terminals serviced per cell if the load factor is held con-
stant; tncreasing the number of terminals per cell 11.4%, from 202 to
225 terminals per cell, increasesthe probability of a user having to
wait before receiving interactive services from 0.10 to 0.20, a 100%
increase. Further increases in the number of terminals serviced per
cell cause the probability of having to wait for interactive services
to increasc even more sharply. Figure 5 shows that similar results can
he caused hy increasing the per-terminal load factor excessively; this
could happen, for example, if systcm designers did not anticipate the
user demand resulting from a particularly attractive services package.
In the proposed TICCIT system for Stockton, California, 1000
terminals will be distributed among the six cells of the system, aiving

4 nominal terminal density of 167 terminals per ccll. The waiting

B I *
\‘1 ‘_.‘A LY J




PROB. USER MUST 4AIT POR JERVICE

1.0

0.8

Ceb

0.2

0.0

Pigure <.

200

-55.

walting Parameters For TICCIT 3ysten
Versus Numb-sr of Terminals Fer Cell

(15 channels per cell,

load factor = 0.035)

BEST COPY AVAILABLE

/)
v
v
v
/’
B
&/
24
L
g IS
a’s
Q
b 3
N ~d

Terninales Per Cell

Ca_,

280

L8
]

28

24

N
o

W
on
MEAN UEUE LENGTH

(WY
n




" pEST COPY RVAILAS Pigure 5.

USER MUST WAIT FPOR SERVICE

YROB.

i

1.0 ap

0.8 oo

0.“'-h-

0 el wntpm

0.0

«025

+030

«-56-

Versus Fer Terminal Load Factor

(15 channels per cell,

300 terminals per cell)

i‘,'“

.4114

Waiting Parameters For TICCIT System

-

-t 2 €

16

-+-12

-l

. v il

+035
+0L0

Per Terminal load Pactor

- .

<

LAl
=
o

<050 =4

BER R274 5 A RN SR

TN



parameters for this terminal donsity are illustrated in Figure 6. It
can be seen that given a terminal load factor of 0.05 (i.e., cach
terminal receiving an average of thirty minutes of service per ten
hours), there is a 2.4% chance that a user will have to wait before
recelving interactive services; the wean length of the service queue
will be 0.Jo, implying that the mean percentage of time users will
spend waiting for interactive services cquals (016%%, a nominal wait
for service which is unlikely to greatly disturbh customers. Neverthe-
less, the waiting parameters are very sensitive to changes in the load
factor: by increasing the load factor to .06 (thirty-six minutes
service per terminal per ten hours), the probability of having to wait
before receiving interactive service is increased to 9.3%; for a load
factor of 0.65, the probability of having to wait before receiving inter-
active service is 16.0%. This sensitivity to small changes in the load
factor would seem to indicate that some congestion might develop during
the evening hours, when a greater than average rate of rcauests for
TICCIT services is expected.

Should the price of suitable video refresh memories** be reduced
from the 1973 price of $875 per unit (30), it would become more feasible
for heavy users of TICCIT sc}vices to have indjvidual video refresh
memories ir their homes. Since the TICCIT svstem would then only neced
send each still frame once to these VRM - equipped TICCIT subscribers,

cach VRM - equipped TICCIT subscriber would require use of the interactive

L *a5 discussed previously,

I 167 ~ 0.00016

**ligital MOS Storage, Saturated Color, no Crev Scale.

Y

Y and




- ggst COMY AVNILABLE Pigure 6.

Ya0B. UGEHR KUJT WAIT FOR SunVICE

0.20 +

0.16

0.12

0.08

0.04

0.00

-58-

Waiting Parameters Por TICCIT System

Versus Fer Terminal Load Factor

A (15 channels per cell,

&
iy
h
\4
» \y(
L 4
a
wE
WEASS

.04

05
.06

Per Terminal Load Factor

(.Q_J

167 terminals per cell)

+

[
o

+—t—t—t

(4 }

o U

s

TN

B3RV 11 0 B W

=

.
t™

3

[
a

3
H



-5-

channel only occasionally for a fraction of a second while receiving
service; thi; would allow a single interactive channel to be shared

by many interactive users simultaneously, greatly increasing the
service capacity of existing TICCIT systems. A likely prediction is
that ir the future, if TICCIT services become highly accepted and the
price of VRM's is reduced, TICCIT systems will be changed from the pro-
rosec centrally refreshed topology* to a combination central refresh/
individual refresh topology. Tﬂis could be augmented by reserving
several of the interactive channel!s in the future for use by TICCIT
subscribers having their own VRM's; the remaining interactive channels
would be equipped with VRM's at the hub and would be used by subscribers
not requiring enough TICCIT service to justify the cost of an
individual VRM,

Table 11 presents a summary of thé equipment costs for the pro-
posed TICCIT system. It should be noted that the prorated cost of the
system hardware {s about $1100.00 per home terminal, exclusive of yser-
owned television sets. Note that in considering hardware costs when
comparing the cost of a TICCIT interactive cable system to a conventional
tree-configuration non-interactive system, the cost of laying the extra
cable required for TICCIT's hub-configured cable network must also be
considered.

To aid in projecting required customer revenues, the MITRE Corpora-

*i.e., shared VRM's located at TICCIT hubs only.

**Interactive Cahle Economic Evaluation VMode!, (28]
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Table l1. System Equipment Costs (31)

(1974
Computing System $229,825
Video System, Audio and Video Interface 381,660
Home terminals (1000) 400,000
Analog Storage 20,000
Spares 30,000
Test Equipment 20,000

Computing Supplies

(Tapes, Discs, and Paper) 16,000
Telephone Parts* _ 10,000
Trailer, shielded with air conditioning and 40,000
raised floor —_—
Total $1,147,485

*Equipment is used to establish a telephone data iink from the Stockton
TICCIT system to the Mitre Corporation's headquarters in Virginia.
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In the model., physical characteristics of the cable system, such as
required length of cable needed to be laid above- and below-ground,
number of headends and cells, etc., and system penctration characteris-
tics for both non-interactive and TICCIT services are specified as

input data.* By further specifyving the percentage of the TICCIT system

cost to be financed by loans to the svstem builder and the loan

interest charges, the model is able to predict cash flows and determine
user charges for one way and TICCIT interactive services that will allow
the system owners to make a suitacle nrofit.

In the analysis of a hypothetical model for a system serving a
section of Washington, D.C., a total of 26,680 households are passed
by the :able. (28) Assuming an 8% interest rate on borrowed capital, **
which finances 80% of the TICCIT system, the following monthly service
charges were required to return a 30% gross vearly return on equity.

For basic one-way (non-interactive) services:

Average Penetration Monthly Service Fee**
30.62% $9.33
61.23% ‘ $5.78

For TICCIT : "teractive services:

Average Penetration Yonthly Service Fee**
19,14% ‘ 524,23
38.27% 519.51

*System penetration refers to the percentage of houscholds rotertially
able to be serviced by the cable system who actually subscribe.

**Recently, the prime interest rate has heen as high as 12 /4%, while
inflation has been 10.7% €fos the latest 12 month period, (33) rather
than the 3% yearly inflation presumed in the model. Thus, the service
fees derived hy the economic model are conservative.

-

L



Thus, assuming that each terminal receives one-half hour of
VTICCIT services daily, TICCIT services_may cost the user as little as
$§1.30 per hour,
4.1.2 Picturephone <:>

Another approach which could be used for interactive educational
television is the Bell System's Picturephone(gl By reducing the number
of picture elements* per frame {251 lines per frame with 211 picture
elements per line (34)), each Picturephone<:>channel employs Qﬁmn&-
MHz bandwidth rather than 4.6 VH:z bandwidth for broadcast quality
frames. For the accompanying audio channel, standard telephone band-
width (2.8 kHz) is used.

Because design emphasis was on face-to-face viewing for business
usage, the desk-top display unit includes a 5 x 5.5 inch television
displav, self-contained camera, and ccncealed speaker. (35) Attached
to the unit by a cable is a standard Touchtone(:>te1ephone and a control
unit with controls to adjust camera field of view, brightness, audio
volume, and an on/off selector. A '"Vu-self' selector allows the opcra-
tor to adjust his camera field of view, and a privacy selector disables
the operator's camera. Audio privacy can be had by using the telephone's

.handset.

For face-to-face usage, the normal field-of-view at thirty-six

inches from the camera is i7.5 x 16 inches. (33) The field-of-vicw

can be electronically zoomed** to 28.5 x 26 inches for wide-angle

*Eor -a discussion of video resolutidn, bandwidth, and picture cliement:=
{pels), see Appendix A.1l.

**This is accomplished by varying the portion of the camera's vidicor
tube which is scanned. For wide-angle viewing, the entire vidicon *n--
get is scanned; for ''normal” field of view, only a portion of the vi.di-
con's target is scanned. This method of varying the field-of.or 0w dons
not affect the resolution of the received picture. {(36)




viewing, and by a hinged visored mirror, a 5.5 x 5 inch area of text
or pictorial information can be viewed. The display resolution is
such that standard type can be viewed with marginal clarity (this
teature is important in business applications, so most PicturephoneSC:)
in use today have been modified to provide better resolution*). (37)

Interaction is accomplished through the use of the twelve button
‘l‘ouchtone(:-ED pad on the telephone or on an optional full keyboard
available from Bell Teléphone for computer interaction. To make a
Picturephone® call the # keyv on the Touchtone ®pad is pressed before
the telephone number is entered. Calls can also be made from a Picture-
phone<:> to standard telephones.

In spite of reducing the bandwidth to 1 MHz, transmitting the 1
MH: signal over ordinary twisted pairs is difficult, requiring twisted
pairs in very good condition that are 'conditioned'" by inserting
"equalizers'' at one mile intervals. Equalizers are special repeaters
that have frequency dependent amplification to compensate for the
greater attenuation given higher frequencies over twisted pairs. Even
s0, at distances over six miles, noise becomes a major problem in the
higher frequencies. (34)

To zombat noise, within a six mile radius each Picturephonec:)signal
must enter a switching center. Here, signals to Picturephones<:> within
the six mile radius local area are routed appropriately in analog form,

while signals to be routed outside the local area are digitally ercoded

*RCA Global Communications has marketed a desk-top slow-scan tranceiver
called Video-voice capable of sending broadcast-quality video stills
over ordinary telephone lines. [t cannot, however, transmit or reccive
real-time video. :
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into a 6.3 Mbit/sec series of pulses. To accomplish this encoding,
the one MHz signal is first sampled at a rate slightly greater than
twice its highest frequency; in this case, in excess of two million
samples per second. FEach sample is then quantized; that is, a
decision is made as to which of several prespecified values the
magnitude of the sample is closest, and the sample is assigned a
value corresponding to that level.

Each sample value is then convertéd into a string of digital bits.
a series of electrical pulses with values of either 0 or 1. To
represent a sample which was set equal to one of n values, log2 n
hits are required. Thus, two million samples per second, each
quantized into one of eight levels, results in a binary signal whose
bit rate is nominally (2 x 106) X log2 8 = 6 Mbit/sec. This repre-
sentation of a signal by binary pulses is called pulse code modulation
(PCM) .

The PCM signal can bhe sent over distances greater than six miles
without excessive deterioration due to noise. This is because as the
binary signals are regenerated along their transmission path at each
binary repeater, the accompanying noise is removed. To remove the
noise, a binary repeater samples its rececived input at intervals
coincident to the message's pulses, decides if each pulse is a '"0" or
a "1, and retransmits a new noise-free pulse. No matter how far a
Picturephone(g)signal is to be sent outside its local area, it remains
in digital form until within six miles of the receiving unit, where [t
is reconverted to analog form. Analog signals cannot be "cleaned

up'’ as digital signals can.
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Except at the edges of viewed objects, most visual scenes change
gradually in grevness from pel* to pel, and the signal representing
the difference in greyness from pel to pel tends to have smaller values
than the Picturephone<:> signal itself. Because of this, the signal that
is digitally encoded for long distance transmission by Picturephone<:>
1s this difference signal; the representation of an analog signal by
digital bits representing signal differences is called differential
pulse code modulation (DPCM).

In addition to improving system noise performance, because DPCM
reduces signal redundancy,** less information need be sent to recon-
struct a given quality signal; this results in a decrease in signal
bandwidth, While an analog Picturephone signal would displace about
300 audio telephone channels on a long distance trunk cable, the DPCM
signal displaces only 96 audio telephone channels, a saving of cable
bandwidth, but also an indication of the relative cost of Picturephone(:>
when compared with audio telephone rates.

Presently, Picturephone<§>service 1s available only in Chicago
and Pittsburgh. In Chicago, where prices are low to promote subscrip-
tion to Picturephone(:>service, there is a monthly charge of $75.00
per month covering only local and intercom (i.e. intra-office) use,

The Picturephonc<:>may be used for local calls up to thirty minutes

*Picture clement; see Appendix A.l

**That is, signal groups do not have to be unnecessarily repeated. For
example, a uniform grey shade, corresponding to the fifth video quan-
tization level, would be represented in PCM be repeatedly generating
101 (the binary code for 5). In NPCM, however, the uniform grey
shade would be transmitted as one three-hit code representing the
dif ference hetween the shade of the previous pel and fifth quantizaticn
level grey, the remaining codes would all be zeros, corresponding to no
change in shade from pei to nel. This represents a large reduction ir
the amount of video information the channel must carry.
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Table 12. Picturephone@ﬂardware Costs (38)

For intercom use only $1620/unit
(i.e. intra-office)

For intercom and local use $4369/unit
only
For intercom, local, and long $13,989/unit

distance use

Note: The increase in cost for local and long distance services
reflects the additional telephone plant transmission
capacity required per Picturephone unit.
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pef month with no additional charge; after that, billing rates are
$.15 per minute. (38)

Rates for Pictgrephone (:) service in Pittshurgh are double those
of Chicago, and are said to be cquivalent to those Bell Telephone
woﬁld charge were Picturephone (:) in wide use. (38) Thus, were
Picturephone to be used for interactive educational television ser-
vices one-half hour per day, thirtyv days per month, monthly service
charges would be $411.00 for the Picturephone (:) communications
channel. If the channel could be shared by subscribers as is done in
the TICCIT system, the resulting lower monthly user costs would be more
practical for education users.

Table 12 lists hardware costs per unit for Picturephone C:) service.
We have seen that given the present syvstem configuration, Picture;honc(:>
is not competitive with TICCIT for interactive educational television
purposes. In addition, as with a 5.5 x 5 inch field of view, text
legibility is marginal, the display screen and/or resolution would
have to be improved before Picturephone <:> was suitable to transfer
large amounts of alphanumerics. Note that the figures in Table 12
are for presently available units, and do not take into account either
future technology or economies of scale.
4.2 COMPUTER~AIDED INSTRUCTION (CAI)

2.1 The PLATO System

Unlike the TICCIT system for CAI, which uses small computers and
television terminals to provide instruct:on for local users, the
University of Illinois' PLATO system omploys a large central computer
and innovative display technology to provide versatile computér-aided
instruction to large numbers of terminals. By sharing system costs

among 1 large number of users (up to 4000 terminals), and by utilizing



the versatility of the large scale computer, the designers hope to
offer high quality instruction at costs equivalent to those of elemen
tary education, tvpically 35-7Q¢ per hour. (3%)

The use of a large general purpose computer allows versatility
in teaching methods unavailable in systems using smaller computers.

In addition to programmed instruction, PLATO has the capacity to
perform simulations (constructed by the coursewire author or the
student), allowing dynamic display of concepts which might be difficult
or impossible to explain using still frames. The student may also call
on the computational powers of the large general purpose computer to
speed calculations; th;s capacity broadens the subject matter able to
he taught by PLATO. Finally, because communication between terminals
is possible, students can play games or request help, using the

system as 4 communications medium.

Another advantage of the PLATO system is that school districts
wishing to experiment with CAI may acquire several PLATO terminals for
the incremental terminal cost only. This is not possible with thc
TICCIT CA! system, because the 128 terminals that the TICCIT computcr
supports must be located close to the TICCIT computer (29): a schoo!l
district wishing to experiment with TICCIT CAI would have to purchasc
or rent a complete TICCIT system if a system with unused capacity was
not avatlable in an adioining school district. PLATO's 4000 termino!
capacity, however, required that the system he able to service ter-
minals located at great distances from the system's computer: other

[N a user-hase capable of supporting a 4000-terminal system might not "o

available. Therefore, PLATO CAI terminals can be had for the cost of
she terminal, prus the cost of the transmissjon linefls) to the centry’

PILATH computer and the incremental cost of runnine the svstem, The
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incremental system cost includes the use of the existing courseware on
the PLATO system, whose authoring costs are likewise divided among the
4000 terminals able to be serviced.

For educators wishing to write their own courseware, the TUTOR
authoring language was developed for PLATO (40). After several* hours
of familiarization with the language, cducators who have not had any
prior computer programming experience can write their own courseware.
Unlike the TICCIT svstem, on which courseware can be written only when
the system is idle, (29) courseware can be written from any PLATO
terminal without affecting the operation of the other terminals.

It is beyond the scope of this paper to fully describe the workings
of the PLATO system. The following sections will discuss PLATO's cen-
tral computing facility, student terminal hardware, and data trans-
mission system, considering their effect on user cost.

4.2.1.' The Central Computer Facilities

In order to determine the hest ways to use computers in aducation,
three successive and increasingly flexible systems (PLATO I, II, and
ITI) were designed and huilt at the University of Illinois. As a rosult
of experience with these previous systems, the specifications of the
central computing facility for the 4000 terminal PLATO IV system were
developed. It was found that to service 4000 terminals so that no
student experiences noticeable delay rcoquires that the central computcr
have two million words of extended core memory and 64K to 128% of
high speed memory in the central processing unit, have an executior

time of four instructions per microsecond, and be capable of tramsmi¢*in-~

*The language's authors claim users can write parts of useful lessons
after a ono-hour introductinn to TUTOHR, 740)
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stanificant data were incorporated in the specifications of the central
computer tactlity tor PLATO TV,

Several commercially available large computers can perform about
4 x 107 instructions per sceond.  Thus, cven if the number of computer
instruct toni: per student per second were increased to 2000, these large
scale computers require an averaye processing time of only 200 e/
roquest.  Daoinsure £ast osvstom rosponse time, a safety factor of two
was aliowsd; *hus the 4ys{vm canoaccept 1000 requests per second.  The
cafery factar of two implies the commuter will be idle 50% of the time
an the averige: such time can be used for batch processing,* reducing
Iateractive uscr Josts,

fata from the PLATD 111 svstem indicated an average request rate
5f one request per four seconds per terminal. (41)  Thus, the central
comnutor can mervice 4000 terminals allowing an average of 1 milli-
wcond of computer execution time per request.

The ~xpected waitine time, E(w), that elapses before the computer
Lingle

e Shonel server) willoaccest a given student's reaquest is given

oueusine theory (11) rto he

o P - \ = &
Ty - t
R v 1ey)
0,25 request/sec .
whors 0w avstem Tognest rate z i / ~o* 4000 terminals

terminal
= 170 requests/sec
. = oexecution time standard deviation

- -t
){)'{1 £ }_H ! RN

con irtaract jye compater soryvice which reguires the uscer o Toave M
sragram Cor o the compater onerator to rin when computer Utime’ become

v lah e (1L, when the comnarer s otherwise ddle).
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E(t) execution time expected value

n

SU0 usec/request

[

\E(t) = 0.5*

These values give an expected waiting time (E(w)) of 500 micro-
seconds. Assumptions made were that student input arrival times are
Poisson distributed (a reasonable assumption for 4000 independent
student terminals), and that the request rate probability density func-
tion expressed as a function of the computer time required to process
the particular request type is approximately exponential (PLATO
statistical records substantiate this). The probability P(w) that a
student must wait a time w or longer before being served by the com-
puter is given by (41)

P(w) = o exp [-w(l-c1/E(t))
The probability that a student will have to wait 0.1 second or longer
is very small.** This fact implies that the probability of thc request
aueue building up or of noticeable delay in processing student rejuests
1s necligible,

In previous usage of the PLATO IIl system, each student h;s necded
to he assigned 300 words of dedicated extended core memory, although
the various teaching strategies used had required up to 600 words to be
assigned per student. Allowing an average of 500 words per student,
4100 éorminals would require the central computer to have two million

‘sixty-hit) words of cxtended core storage. (42)

*This figure is implied by the safety factor of two mentioned
previously; the server (computer) is in use an average of 50% of
the time.

~434
** 5 oxp (-100) = 1.BA x 10 )

- ol



Aruitoxt provided by Eic:

Data from PLATO 11V indicated that twentv percent of the commnter
tnstructions used in processiny srudent regquests rveferred to the oo
words of Jdedicated student <torace. Therefore, the contral computer

must b ocapable of gquickly transforring data betweer the <lower

extended core storage and highespeed core memory.  Such o transfor can

-~

e odone by osome existing competers atoaorate of 107 words per

second (31 wo the dat g could he rtyansforred between memorics i L2
LHeC., whian s <malloenough to pvoid obhiectionable delay.

fo allow for storage of lessong {1k to 2k words per lesson) and
For the various teaching strateovies, the central processing unit of
the computor should He sufficient!y large (05K to 128K words). The
cearh data o rate Srom the computer to each terminal is limited to 1200
bits per sevond: this allows data transfer to the terminal to be
peeamsitined over telephone lines.

To woryvige 4000 terminals, data would have to he buffered out of

T

Geocomputer at a maximum rate of 4.8 million bits per second, which
L3 owlthin the oresent state oY the art. Ul
The PIATO T '

TVsvarem, as 1t currently exists at the University of

1) terminals the svetem was lesigned to service., There arc two
133035 For this:; hoth reasons are roitted to the use characteriastic
af the nrosent develonmental svater. birst, experience with PLATO D
had indicated that each terminal <hould he assigned an average of 50
worils o cetended core storace. Thas, two million words of cvten!
core atorage (HCS) would oo cudficient to serve 4000 terminals. e
aetimate of 300 words of VS e torminal, howover, assumed that

ot e A sl e e of thptyetwo terminalss oo

Ttlinois, i3 onlv snle 4o seorvice ahout 1000 terminals, rather than tne



data at 4.8 million bits per second. Several existing computers
(e.g. the CDC Cyher 70 in use in the present PLATO IV system)* meet
these reguirements (41).

From the experimental data from the PLATO 111 system, it was found
that the rate of computer instructions used in processing the student's
requests (i.e, the number of instructions per second per student)
remained relatively constant. It was independent of the student's'
level of learning, the teaching strategy being used, or the course
content of the lesson material. For example, in simple drill and
practice programs, the students make requests frequently (approximately
one request every four seconds on the averaye), but the processing of
each request is rather simple.

In more complex teaching strategies, hqwcver, the student must
dc more thinking and planning between requests, while the system has
to execute more instructions to process cach request. The resulting
product of computer instructions needed to process each request times
the number of requests per second remains nearly constant at about
300-500 computer instructions per second per student.

Data from the PLATO III system also indicated that each student
terminal requires 300-500 words (60 bits/word) of dedicated computer
memory space. Output rates from the computer for each studert terminal
ran at approximately ten alphanumeric characters/sec. (or 69 hits/sec},
but peak transmission demands required rates of at least 1200 bits/sec.
Input rates to the computer per terminal were hetween twe and five

hits/sec,, but required a peak rate of 6N hits/sec. These and ather

*Jack Stifle, personal conversation, Septemher, 1074,
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group of thirtv-two terminals would form a CAl classroom in which all
of the studefits using the temminals would study the same coursewire.
Because at least thirtv-two terminals would be using the same course-
ware simultancously, the amount of HECS needed to store the courscware
could be divided among the thirtv-two terminals, reducing the amount
AF TCS used to store courseware per student by a factor of thirtv-two.
The terminals of the rresent PLATO TV system, however, ure mostly
distributed as single terminals or in aroups of two or four, and
gencrally the terminals within a group are used independently of each
Sther. each corminal is used to study different courseware. Because
of *his, an terage of 2000 words of ECS is required per terminal.”
Thus, *wo miilion words of ECS‘can service only 1000 terminals.

Wore this the only problem caused by the present system's use
characteristics, 4000 terminals could be serviced it an additional six
million words of LE{S were added to the system. Because of the smaller
groupings of terninals, however, more courseware authoring per terminal
than was anticioated s ooccurad. decause authoring requires five
times the number of computer operations per second that studving
oxi<sing courseware at a term:nal does*, the central computer facility
o€ +hy mroesent PLATO TV system will be fully utilized during the day
w1001 tepminals, rather than fiftve-percent utilized duriry the day
s bt sapmpnals, Attemnting to add more terminals to the syetenm
would result in unacceptably long system responsc times.

Gupmartzing. due to the nser characteristics of the present

PLATO IV svstem having placed 2 heavier than anticipated load upnn the

*Tack Srifle, persanral conversa*ian, September, 1074,



the svstem's central computer facility, the system is able only to
service 1000 student terminals, rather than the 4000 terminals the
system was designed to service. A side effect of this is that the
present system is not available for batch processing during the day,
while seventy-five percent of the svstem's womputing capacity is

available ror batch processing during the night.

4.2.1.2 The PLATO Student Terminal
, v
Unlike the TICCIT system, whose 128 terminal capacity limits
service to local aprlications, PLATO TV, with its 4000 terminal capa-
city must be able to service terminals over large areas; otherwise its
capacity, should service be limited to local terminals, could be
utili~ed only in urban areas. To avoid the necessity of laving
regional coaxial cable networks to service PLATO terminals, the data
rates from the computer to cach terminal have been limited to 1200

hit

57

per socond; this allows data distribution to be done over

WXL3TIng voigo-graly telephone lines. 4D

This low data rate, however, would greatly limit the versatility
of zourseware that could he presented over the VLATO terminal if
vonventiona' visual display technicues were used. To avoid this,
several innovative audio-visual devices for the student terminals
were develon.d at the University of Tllinois. Computer-generatced
dynamic disrlays are presented on a nlasma display panel, a device

combining inherent memory, disnlay, and high brightness in a poten-

3

tially inexpensive fabricaticn. This new device consists of two shoet:

of glass separated by a layer of ionized gas. Rows of transparent
electrodes are deposited on the outzide of each ¢lass pane!, with the
electrodes on one panel perpendicular *o the electroades or the other

vanel, providing at each anparent intersectinn a noipt that can ho

-
2




selectvely fluminated,  oOnee Dluminated, cach point remains illumits

nated until oGt L~ oextinguished: this eliminates the need for a video
refresh memory at each terminal.  Purthermore, as cach point in the
312 x 512 line Jisplay is selectively addressable, the display can be

3

modificd without retransmitting the full display. These features of

the olasma disolav panel allow dvnaree displays at the low costs and
fow data rates. (40

Because the nlasma panel is transpavent, static photographic infor-
cetion croloested onte a translugent soreen behind itocan e surerimposed
dwon the dvnamio computer-generated Jisplave This is accomplished
Arough the use of g randor access aage nrojector. (430 The dwage
e oorovides for o thoe ramdom nooess selection of any imane frow
cosaitie IR0 color Images arvanced on g 1ox i inch film sheer with a
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audio to bhe recorded upon each disc, any porfion of which may be
selected with a worst-case access time of 0.4 seconds. (See Appendix
A.2 for details),

Fach PLATO IV student terminal consists of a plasma panei with
random-access image selector, a kev-board, and a controller whose
outputs can control the random-access audio system or other hardware.
These terminals should be ablce to be produced within the cost limits
of $1500 to $3000 each, depending upon guantities produced and optional
accessories provided. (44) 't should be noted that current nroduction
costs amount to $5300 per student terminal.

4...1.3 Communications Networh

As was mentioned previously, the peak data rate to a PLATO student
terminal h-. been limited to 1.00 hits per sccond; this allows the use
of voice-grade (3 kHz) telephone !lines to transfer data to and fromwthev
central computer facility. The interstate tariffs for leasing these
volce-grade lines vary with location, but can be considered to be
approximately $54.50/mile/month. (13) The communications costs of
using these lines for a system the size of PLATO over the long distances
which might be needed o get enough users to fully utilize PLATO's 4000
terminal capacity in some arcas might he prohibitive. For example,
assuming o student terminal 100 miles from the central computing faci-
lity reccived data via voice-ygrade telephone line, this would cost
$450.00 per month or $2.81 per student contact hour,* a figurc almost
an order of magnitude above the tarpet cost per student contact Lour,

[n areas where the service is available, an attractive alternative

to vojive-grade telephone lines 15 the use of cuble television (CATV)

*Assuming 160 student contact hours per terminal per month,

ol
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 BEST COPY AVAILABLE

to distribute the dita from the central computer, By arranging the
outgoing data in 1 prescribed format, o single CNTV channel could

carry data froa up to 107 student terminals, enough to provide CAl

]

services for entire mety Lolitan areas.  The communications channel

hetween the PLATO computer and the CATV syvstem's headend could consixy
of either dedicated cable or microwave,*

Muteoing Jdata from the PLATO central computer is tormed into a
signal which i3 compatible with standard hroadeast television equipment;
thix allows CATY operators to Jistribhate PLAT) signals without special

equipment.  dreadeast television sipnals in the !nited States consist

of thirty Trames per second, —ach frame containing 525 lires. To

PR

reduce viewrl flicker, each frame 1= divided Into two fields orf 262 1/°
y

4

tinos o wach, with sixty fields being transmitted per sccond., N the

N, [ T |

2u2 U2 tines per fileld, the vertical Slanting interval (the interva!
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line each contain a bit of diyital information, giving a data rate of

.
1.2095 x 10° bits per second.* 7hus each TV channel can be used to
supply data to 1008 PLATO student terminals at a rate of 1200 bits
per second. The data from the central computer is fed to a signal
composer, along with television synchronization and blanking signals.
These are formed into a composite baseband signal which is RF modulated
nto a carrier for the proper television channel and distributed over
the cable television system.

Cach PLATO CAIL classrcom roceives the appropriate data from the
cablg through a PLATO IV site controller, which can service up to 32
terminals. (47) The receiver contained within the Site Controller,
after oxtracting the data, converts it to audio frequency shift
keving (AFSK, a form of modulation which represents bhinary zeros and
anes by two different audio frequency tones) for transmission over
ordinary voice grade telephone liner to individual terminals., Fzch
Site ceontrolier also contains cyuipment to combine the return keyvset
information for up to 32 terminals onto a single voice-grade line for
transmission hack to the computer center,

It weuld seem rpeasonable rhat if Wt is more expensive to dis-
tribute data from t'« computer to the PLATO student terminals by CATV
rather thar single telephone !ines, the same should he true for
the data returning from the student torminals to the central computer
facility. This approach is impractical for several reasons.

The majority of CATV systems in existence today are of a uni-

directional nature; that is, as the amplifiers used to compensate for

. . 00 fieids 240 lines ‘ 81 bt
seconds Ficld ’ LLine
4 ]
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Qignal‘lsss in the system amplify only 'in one direction,  most CATV
systems could not provide a recturn signal path. The economy of using
CATV systems for data distribution is contingent upon using existing
- facilities whose expense is shared by othef users.

For CATV to be cost-effective in transmitting CAI data in the
PLATO system requir:s the television channel bundwidth to be shared
among many terminals, This would require a parallel to serial data
transformation; i.e. while the computer sends out data to each terminal
in a prescribed order, so that none of the data overlaps, the resnonscs
from the terminals occur at random times, which can overlap and inter-
fere with cach other unless they are first stored and rearranged in a
prescribed, non-overlapping order. 7o be thus rearranged requires that
all data be brought together in one location for conversion, a task
which is partially done in each local CAI classroom but must be pre-
sently done over long distances by voice-grade téﬁéﬁhone lines.

To service individual remetely located student terminals, a
receiver unit identical to the receiver used in a Site Controller is
nlaced at a convenient location along the CATV cable. (47) Data is
transmitted from the receiver to each of up to 32 rempte terminals
individua! voice grade telephone lires, md another voice grade linc
carries xevset information hHack to the central computer facility from
sach terminal. .

The ultimate penetration of CATV fpercentage of the U.S. popula-
tion receiving CATYV services) bax heen estimated hetweer forty ond
sixty-six percent, (48) Millions of homes will then he wired over t.
utiiize data from centralized ﬂourcéﬁ, forming 2 resdy-made market for

services like those off%vred »v the PLATD IV CAD aveter,
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41;:1'4 Costs of the PLATO IV Svstem

A large, general purpose computer able to meet the requirements
~f the PLATO IV system costs approximately 4.5 million dollars; 2.5
million dollars for the mainfrume of the computer and 2 million dollars
for the two million words of memory and the input/output equipment
required., An estimate for the system software, including some course
development programming, is an additional 1.5 million dollars. The
total, six million dollars, amortized over 4 period of five years,
vields a cost of 1.2 miltion dollars per vear. (41}

Assuming that the 1000 terminals system will be fully utilized 8
hours per Jay, 300 days per year, thcre are afp oximately 10 million
student contact hours per year. Thus, the hardware costs of the svstem,

oxcludins terminals, are 12¢ per student contact hour.* If PLATO's

T

cquipment costs are to be made comparahle to that of an clementary
school's classroom, 27¢ per stulent contact hour, the terminal costs
wust he Limited to 13¢ per stulemt contact hour, or $1800 per termina!l
mortized over five vears. Present indications ave that this terminal
cos+, for a terminal consisting of a plasma panel vith driver, a keyset
and random-access slide selector, will he difficult to meet. An
ostimate for th: cost of PLATO terminals produced today, even in lots
ofF V00 was 8§5300.7

Sor PLATO IV's equipment cozts to he l1im ed to 27¢ per student
contact nhour, the cssumption that the ﬁ}ctcm would be Ffully utilized

R rours per day, 300 days per year wis nade. (A1) The validity of b
»

A

*[f the svstem can only service 1900 terminals, as discussed pre-
yiously, the hardware costs for tho svstem, excluding terminais,
are 184 per student contact henr,

«erqck 5tifle, nersonal conversation, Septembuer tatd,
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assumption can be challenged in several ways. First, queuing theory
dictates that any unscheduled system will seldom be fully utilized duc
to the excessive waiting time for service (in this case, access to a
PLATO teminal) that users would experience in a fully utilized system.
By specifying that CAl use would be scheduled, this objection can be
countered, but such scheduling would limit one of CAl's principal
advantages - the ability to instruct individually at any time.

t - .ever, the scheduled CAI system would remain much more convenient
than traditional learning situations with respect to flexibility of
scheduling.

The system utilization assumption also implies that enough diverse
and attractive courseware is available so that a user-base large enough
to fully utilize the system exists. While a large portion of this
user-base might be consist of students receiving CAI in subject tradi-
tionally taught in schools, to attract enough 'non-students' to fully
utilize the system the rest of the time would require large amounts of
courseware in specialized subjects. Because this specialized coursec-
ware might have less mass appeal tha: -ourseware in the traditional
sabjects, its effect on cost per student contact hour should be
considered. |

Alpert and Skaperdas (41) compute the cost of courseware for
PLATO IV in the following way: experience on the previous PLATO
systems has shown that preparing a good CAl course is roughly equivalent
in effort to preparing a good texthook, for which most authors receive
a 10-15% royalty rate yielding them approximately 80¢ per student.

Thus, assuming a cost of $1.20 for royalties, reproduction, and dis-
tribution, courseware for a forty-hour class adds 3¢ to the system

cost pe student contact hour. Simenson and Renshaw (49), on the other

~
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hand, state that estimates of instructor nreparation time per houy of
CAI courseware range from 40 to 20U hours preparation time per hour
courseware for various CAI svstems, with an average cost of $1000 per
hour courseware. [If this developmental conrseware cost estimate is
accepted, 33,000 students:must use the courseware before the cost per
student coatact hour ftor courseware 1s reduced to three cents. The
implications for courseware is non-traditional specialized subjects arc
obvious, and are strengthened by the Yact that courseware written for
one CAD svstem generally canrot bhe transterred to another type of CAT
system without extensive recoding and debugging, (49)

The data distribution costs for a svstem the size of' the PLATO IV
are nighly dependent upon the population densitv of the regions receiv-
ing CAD scrvices., To service wetropolitun areas already wired for
ATV, the UATV system could serve as the distribution network within
the city: 1 leased or dedicated microwave channel would be required to
Uransmlt TLATY data detwcen cities. Metronolitan areas not wired for
ATV mrent s a UHEY television channe! for Iocal data distribution:

Lo lther s, data from PLATO tepminals in cities distant fron the
PLATD computer would he collected otk ity via telephone lires,
given aVparaliel-to-zerial transtn aation Hv g mini-computer, and sent

. LT
PR AL S

computer via anothoer miorowanve channel,

To distribute PLATO CAD servigos o larce areas of low population
density, a communications satell:te channel might be used for data
)

distrivution; low cost ground terminals with provisions Sor the retnr

tranasmission of terminal daa would provide CAD services to towns with-
in o the service area,  Because of the onambeyr of netwaet antions nossito

PR S I R g o [ I [ R R I R [EPEPU
for disr-rhatian of DLATY data, s dortorinagt ton o DA 0 TV e




distribution costs are beyond the scope of this paper. However, a

study with this objective in mind is presently underway at the Center

for Development Technology.

-l
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5. LIBRARY AND DOCUMENT TRANSMISSION SERVICES

This section will deal with techniques used to transmit documents
over a communications network: facsimile ("fux") and slow scan tele-
vision (SSTV). Several existing svstems permitting the femoto inspec-
tion of literature through interactive terminals will also be discussed.

In recent years, libraries have faced continuing problems caused by
tight budgets, increasing materials' costs, and particularly, the ever-
growing volume of new materials which are published each year.
Communications technology might help solve these problems through
resource sharing and electronic distribution of materials. Interactive
commusiications networks would allow easv access to materials contained
in remote libraries, permitting individual libraries to reduce the
amount of scldom-used materials stored locally by increasing reliance
an interlibrary loans. Also, because individual libraries utilizing
communications networks could serve larger geographic areas, libraries
could achieve economies of scale and greater support bases. Finally,

¢lectronic distribution technijues would permit widespread use of

microfilm storage of librarv materials, resulting in a great reduction
of needed storage space and a savinegs of some of the money presently
spent in handling materials (e.g., staff salaries for restacking books,
keeping user records, ctc.).

Library patrons could receive materials over interactive terminals
by slow-scan television (SSTV), with the option of ordering hard cenios,
either full size or microform, from facsimile t.:rr(nals. Morcover, at
remote terminals with memory, temporary clectronic storage of library
materials would allow nighttime <ervicing of reguests for large amounts

>f materials., This facility would incresse the uppurent capiacity of the
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communications network. For example, an audio cassette recorder
modified to be controllable from the system's hcead-end could be remotelw
activated during the night when the requested materials were available.
It would record the incoming SSTV signal on an audio cassette, and
would be remotely deactivated at the end of thz SSTV transmission; the
library material would then be available for viewing the next morning.
With proper terminal equipment, one audio cassette can store up to 325
frames of marginal resolution (1000 lines/frame) or 80 frames of high-
resolution (2000 lines/frame) SSTV, the choice of resolution depending
upon user requirements. (Sec Appendix A.l for a discussion of
resolution).,

5.1 FACSIMILE

Facsimile refers to any system capable of transferring alpha-
numerics or graphics by electro-optical! means, gencrating hard (i.e.,
paper or microform) copy at the receiving location. Teletype and
similar systems employving keyhoards and alphanumeric printers arc not
* : included.

The principles of facsimile are muchi-4ike those of telcvision, in- -
that the document to be transmitted is scanned opto-electronically, anc
an aéalog signal ~aveform corresponding to areas of light and dark on
the document is generated. This waveform may then be transmitted over
a communications network to the recciving station, where a writing heaod,
carefully synchronized in speod and phase to the reading head, recer-

T struc:s the original picture.

-

: . 5.1.1 Facsimile Transmitters
The heart of the facsimile transmitter is the scanning head, o

photo-sensitiv~ device which gencrates an clectric current proportinnal

»
¥
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to the amount of light striking it. Thus, when the scanning head,
equipbed with a lens system so that the head "sees'" only a point, is
moved across an illuminated document, a signal is generated correspond-
ing to the light and dark areas along the line which the head scans.

By scanning a series of adjacent narallel lines across the document,

a signal proportional to the light and dark areas in the document is
constructed.

There are two types of devices which are primarily used in scanning
heads. (50) One, the electron photomultiplier tube, is constructed so
that light striking a target penerates clectrons., These electrons
are then directed through a series of dvrodes, elements within the tube
which have the property of emitting more clectrons than they receive
tfrom the adjacent emitting elements. This éroperty results in great
amplification of fhe original electron zfream. Because of their great
sensitivity, photomultipliers are used when half-tone rendition (i.e.,
correct gray shadingj, in addition to bluck and white, is necessary. The
photomultiplier tube has the disadvantages, however, of being relatively
expensive, fragile, and requiring very high power supply voltages for
operation,

For facsimile units which are to be used only for transmitting
alphanumerics and line drawings, as is the case for most business uses,
the half-tone rendition capahbilitics of the photemuitiplier are
unnecessarv. In these units, the scanning head often contairs o pho*o-
transistor or photodicde, soliu-state devices which are not sensitive
enough to provide half-tone resolution, bhut are incxpensive, rugged,

4

MU WoTs with low suppiy voltages.
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Facsimile transmitters ow classificd according to the method by
which scanning 15 accomplished.  In the revolving dreum method of fac-
simtle, the document to be .scanned is wrapped around o drum and sccured

bv 4 clip running the width of the drum.  the drum is then revolved

AT Jonstant soeed, allowing the scanning hond to osoan oa line across

Jocument . Yo allow the head to scant the whole decument, the hoad

*he
croctther cowad amoothlyoosver the width o of the drum, or the head is
hold stationary and the revolving drum (s moved axially so the head
Csees’ e ahole document.  The signal generated by the scanning is
npacessed mt o0 he fed intooan appropriate communieations network.
'noanother owy ctem, the Tlatebed svetem for facsimile, the docurment
lealt o past a s1it which is scanned

ROR L AR Svothe reading head: that {s, In the Tlat hed cvitem line
Loan tooacvamplished hy oscanning head movement while in the drum
svatem Line scanning 1soaccomnlishied by drum rotation.  The rain
vlvantacs o0 thia cvstem s oscompler operation than the revolvipg drar

s oonly to feed the document into o oslot in

.

ivatem,. s YR anaergtor

thee <ide ~f the fhesimile transmitter,  Since the mechanism [ onglose!
. . * . L. - -
SN TR caaing of the unit, ¢ oere are Fower maintenancoe prohloms cfac
¢ lrer et grerdenta! damage. Inoaddition, amtike the revolyvine ddrew
metn ot yort el alze of the doctrent able te o he tranag tre b
et vavaroas ty oconstrained, allowing odd-sized documents< uohon -
- vy \ ' FECIE T it e - ; oty -‘,“]
. ¥ - 1 4 “
coumernt ooannirg in the flat hed svetom o done Ty S SRR

nhatosensirive Jdovice nlaced at *he centor of a whent pomtniene e e

Long cyctonn Caec Upeore T, Tach Tens b oadiot ae ot e e
the lighe roPloctad fram 3 paint alang the cxnoso® olis ety 0
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pﬁotagensitxvc Jevice. Line scanning i+ accomplished by rotating
the wheel at a4 constant rate; as the wheel rotates, each lens in turn
"sees' a point traversing a line of the document exposed through the
recording slit.

\+ cach lens system reaches the ond of the slit, it leaves the
view of the photosensitive Jdevice und is replaced by the next Tens
system on the wheel; in the meantime, the document has been drawn

ve

forward so the next lens system “sees’ o new line on the document. In
this manner, the document is sequentially scanned without requiring the
scanning head to retrace quickly at the end of ecach line, as is done

in a cathede ray tube,

e signal resulting from orticul scanning of the document, after
heing processed for best reception over the particular communications
notwork used {tvpically voice-grade telephone lines) and being trans-
mittod, 1< received hyv the foesimile receiver and must be transfermed

ss hard copy before it is available t» the user. This task 1is accom-

olished by a writing head at the receiver scanning a piece of paper in

-

4

the same soquence as the transmitter scanned the original document.
The writing head marks on the naner where the transmitted signal indi-
~ares 3 Jark area was being scanned. (Some facsimile receivers include
4 switchahle inverter allowins sither positive or negative images of
tho original to he recorded at the receiver.) By this means, the entire
document i: reassembled at the recelving point.
For the received document to be of acceptahle quality, the receiver -
must be 1p correct time and phase svnchronization with the facsimile
frnazmiteor. 300 Eor exammlice, € the receiver is operating at a Faste:

scanning rate than the transmitter, cach subscquent line in the received
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document will he displaced horizentallv.  In a reproduction of a
typewritten Jdocument, as cach line of tvpe will be reproduced by approx-
imately rour scan lines, the tvped lines and individual letters will
be at hest sianted: at worst, the received document will be illegible.

Phase svnchronization refors to the receiver writing head's
relative position along the scan !ine with respect to the reading head
Of the transmittar.  For example, <hould the writing head be in the
middle 0f the scan line when the realding head is at the beginning of
the scan line. the reassemblied Jdocument would have the original docu-
ment's margins in the middle of the sheet, the left portion of the
ortginal on the right side of the received imace, and the right
portion ot the original document on the left side of the reproduction.

{0 maintain time synchronization “etween units, each has a crystal
derived time Hase. The design exnloits the crvstal's property that it
w0l oscillate stahly at one frecuwncy, which is determined by its
phvsical dimensions. By putting natched crvstals in the time base
botr the transmitter and the receiver, hoth have a standard from
~#71¢h the scan rate can be svnthesized. (30)

To accomplish phase synchronization, the transmitter generally
sends out a series of pulses corresponding to the scanning of'thc marein
for a period of time hefore beginnirg the scanning of the document.
At the receiver, a system of brakes interrupts scanning until the
recolver 1s scanring the margin at the szme time that the ¢ransmitter
13, AT this point, the facsimile trﬁnsmi;sion hegins.

Because crystals are temmerature sensitive, the scanning rate
y0othe rooeiver and trapsmitter will never e exactly the same.  Tor

normal leongth documents, while some drift, aloneg with the correspondiryg




phase shift, will occur, it will be so small over the time required for
the document transmission (tyvpically six minutes for a standard sized
page being facsimiled over a voice-grade telephone line) as to have
negligible effect. When a verv long document is facsimiled without
periodic resynchronization, as is possible with the flat-bed transmitter,
however, the phase error would he cumulative, possibly resulting in an
unacceptable transmission. For this reason, while a flat-bed facsimile
transmitter may be used to transmit odd-sized documents which could not
be accommodated on a revolving-drum machine, there is a practical limit
to the maximum document length which mav he transmitted without
resvnchronization.

5.1.2 Facsimile Recording Methods

The reas%embly of the facsimile transmission has traditionally
heen done by a modulated light bulb shining onto a piece of photo-
Jranhic paper, requiring a darxroom and wet-process developing before
the image could be viewed. This lengthy and costly procedure is
unacceptable for use in modern business environments, prompting manu-
facturers to develop several alternative methods of recording the
received signal.

In percussive recording (51), ordinary paper is pairet with a
sheet of carbon paper, and a stylus strikes the papers wherever a dark
spot is indicated. If muitiple copies are desired, several pages of
ordinary and carbon paper can »e interlcafed. Advantages of this methoc

are that no mixing or storage of chemicals is needed, the documents do -

not deteriorate greatly with agze, and the recording process and resultin:
documents are odorless. A disadvantage is that the received document

- ' cannot he viewed until the carhon paper is stripped from the document;
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thus, 1% - hard to detect and nrorenst faculty transmission.
Also, carhon paper deteriorates with 4q¢, 30 for best results fresh
carbon paper must be used,

In electrolytic recording. a damp, chemicully impregnated paper
15 Jdrawn over 2 writing odge of stainless steel: a writing electrode
scans the other side of the naper and causes local darkening bv passing
i electric current through the damp »iver.  An advantage of this
methad 1s that faulty transmissions: mav "¢ quichly terminated. The

paper, however, may have chemical odors; it deterioru o< both on the

[n the clectrosensitive method of recording, (51) a white surface
coating on the paper is locally destroved by the passage of an electric
current flowing from the scanning stylus. This exposes the black
wuhsurface mderneath, recording a hlack mark. The special éaper used
ts cxpensive, is damaged by pressare, and may emit objectionable fumes
during recording. An alternative involves using a film of aluminum for
the surface layer; current from the scanning stylus causes melting of
the aluminum, which then recedes hecause of surface tension revealing
the black subsurface. This paper is cheap and is odorless in use, but
(%3 unconventional appearance may be obicctionable in some cases.

Tn electrostatic recording, a surface charge corresponling to

dark areas is deposited on a snecial paper having a dielectric coating

¥
¥
e

vh prevents dissipation of the surface charge. As the naper
wiwvancen heyond the recording rositron, it underenes a development »ro-
Tesiotn o which faner powder i fiese gt grtod ¢ the naper hy the

1

depositad olectrostatic charge. The paner is then passed over a

=



heating element which fuses the toner powder to the paper. The

resulting image can be viewed a minute or so after it has been recorded.
; This method of recording does not work wel!l in humid environments

where moisture might allow the surface charge to be dissipated‘before

the 1mage can bé|proce5scd.

5.1.3 Signal Modulation Methods

Before sending the facsimile s:ena! from the transmitter's scanning
head into the communications svstem (tyr:cally, voice grade telephone
lines), it must be processed for optimum reception by the facsimile
receiver. This is generally donc in one of two ways.

The signal may be only amplified hbefore insertion in the communi-
cations network, resulting in an amplitude modulated (AM) signal. If
this s the case, hefore actual transmission begins, two pilot signals
are sent to the receiver. (500 These pilot signals are DC levels, one
with ampiitude corresponding to the transmitter’s white signal level,
the other the transmitter's black signal level, and are required
hecause unlike human speech, whose information depends mostly upon the
shape of the signal and l.ttle on the speech sigral's amplitude (i.e.

i f the amplitude of the signal is increased, it gets louder, but the
mearing stays the same), the facsimile signal's information is con-
tained hoth in its shape and its amplitude. The shape of the facsimile
signal tells where the original document changed shades, while the

instantaneous amplitude of the amplitude modulated signal indicates the

shading of the point being reproduced.
The two pilot signals are used to indicate to the facsimile
receiver the levels which represent pure black and pure white, and are

needed hecause a communication channel's attenuation generally is no®

s +=d
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COnStAnt with time, causing the receiver levels corresponding to black
and white (o differ between transmissions. This is especially true

for AM transmissions over switched communications networks, such as

the telephone networh, where a Jdifferent transmission circuit, with
resulting different path losses, will "¢ likelv to be used for each
transmisaion,  Thus, for AM signals, failure to recalibrate the fac-
simile rede.ver hofore cach transmission could result in excessive loss
focontrast an the received imape.  Pecalibrating before transmission

avoids this »roblem. However, recalibration cannot compensate for

,
3
]
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b}
[ 4
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misston path loss during the transmission of « fac-
<amtle signal, which can occur, for example, hecause of the switching
Nt other lines in the telephone system external to the particular
telephone Line deling used.

‘o avoird these problems, most facsimile systems employ frequency
Modliiatow CRMY stenalss for use with Y iHz handwidth voice-grade tele-
ahone lines, for example, 2 2.1 Kz *ono will correspond to black, while
i.5 or 1.5 xHz will correspon.d to white. Similarly, shades of grey will
neorepresonted by otones whose fYrecuencies lie hetween 2.1 and 1.5 ki'z.
As these frecuency modulated iignals are little affected by changing
sath o Dyiwes, the calihraticn crohlems ressciated with amplitude-
modulated 2ianall are avoided,

Y olisting of available facsimile transceivers, along with thoir

srecifroations and prices, is siven in Tabsle 13,

5.7 SLOW SCAN TELEVISION (SSTVY £30)

Y

Trapniications in which gravhics are *o he transmitted over a
sommpiioations network bhut no bard Jile. maper or microform) copy is

requirad, 55TV -ay also he used,  [t3 transmisaion tochnigues are
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similar to facsamtle’s in that u stil! obiect is slowly scannvd by
television camera, resulting in a sienal which mav be transmitted over
a low-bandwivih 'dommunications svstem. Displav of the received signal
A be accomplished by any disnlav with inherent nemorv,  Two examples
of suitable displavs are standard cathode rav tubes used in conjunction
alth o video-refresh memories and the plasma display panel used in the
PLATO IV educational communications svstem,

were o standard CRT te ho used with a video refresh pemory, the

SSTV o signal would first be recorded Hv o the video refresh memory, and
then plaved hach repeatedly to the UNT s is done in the TICCIT syster,
NS

e mawn drfference is that while in TICCIT the frame is transmitted as
1 high-bandwidth signal lasting /60 of a second, in SSTV the frame is.
transmitted as a low handwidth signal which may take minutes to complete
t"e frame, u handwidth vs. time tradeoff. (Sce Appendix A.l).
Inoaddition to the digital refrest memory used in the TICCIT CAI
svstem, which costs $5360 per unit and has no greyv-scale capabilities,

7320 {310 svwveral other forms 0¢ video refresh memories, notably silicon

4
Q

rage tubes and magnet:ic discs, micht find application in SSTV
rerminalis. 53} In the silicon s*orace tuhe, a high intensity,

el tude-modulated electron heam sosemhles the TV picture as a1 pattern
f Charges hvoseanning a nor-eonducting Utarget.” Once *he picture has
heen assembled, a Jow-intensity olectron heam can "read” the picture by
reneatedly gqoanning the target. In doing this, the patterr of (aroos
on the target interferes with the electron heam so that the current
from the c¢lectron heam arriving at 0 conducting plate behind the tore:

to Function of the charge patters o *he tarper,  “izadvart gaes of
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the silicon storage tube ape high cost,* relatively slow erase time
{typcally five TV frames) (540, and nability to retresh color
displavs, {30)

Vagnetie di<e recorders could alse he used in SSTV terminals. To
he aprlicable, the units would have to he able to record the SSTV
stamal at its oseveral second nor frame transmission rate, and then play
the complete frame back repeatediy at 1, 50th second intervals for
Jusariav oon oo standard ORTL O an Do ne agch taosspeed unit presently i
avarlable, ditachi offers a ~agnetic ise recorder tfor S200 per unis**
shien recerds wostandard televisron frame as a 5-\z PM osignal which
ny then Pe orepeatedly played back o frame-grabber applications. (33)

The olasma panel display, with it 1nherent memory properties,
could he wsed 10 an SSTV terr inal in place of a CRT and video-refresh
nemory. To use the plasma pane!, the SSTV signal weuld be sampled,
and owach camele would be used v control o najint on the panel, turning
ttoon or off, derending upor whethor light or dark shadine was indicatod.

St ranel vould only diaplay twe-tone graphics®; however, i
v2omore rugyed than cathode rvay tuhes and could be seiectively erased.
n any case, the required resolution of the display (and storage

capacity of the displav’'s memory, where apnlicable) will be determined

Tyothe madn use to which the SSTV teminal will he put.  ltxoerience

with MIT's Project Intrex (56: has indicated that for displaving pages

*$600 per unit in 1973, (29)
*HIin 2amaL: pnntities,
TUxporiments conducted have dhowr that nlgaemg nane ltocan di;:pl:iy e

1015t three levels; 500 only twoelovel panel., however, are cngreentiv
iTotse,
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from technical journais for short-term viewing, 400~ to 500-line pairs
per page (800 to 1000 lines per frame) is the lower limit on acceptable
display resolution while for reading detailed information such as
sub- and super-scripts, mathoratical formulas, Yoothotes, cte., Timiting
wpsolutions of at least 1000-line  raivs per pace (2000 lines per frame!
are reguired.®

Thus, an interactive systom used primarily as an “"electronic card
catalog' having the capability of allow:.ng users to briefly read select:
od documents to determine their content nefore ordering hard copies would
require displays having resolutions ot enly 00-line  pairs por page.

Recause the display's resolutien along noth horizontal and vertica’
1xes would be twice that of a standard hroadeast-quality display's
rosolution, the display's video refresh memory (VRM), if used, would be
required to have four times the storage capacity (or in the case of an
IN1l0, Memery such as a magnetic di<s, four times the bandwidth-time

2.ording capacity) of a VRM used to ropenerate broadcast-quality frames,

-3
LH]

gimilarly, if the main use of the svstem was actual dissemination of

tihrary materials by SSTV, specinl displayvs having four times the

7

resalution and {where applicahle} LRM's having sixteen times the storage

capacity of sirmilar units gsed o ecenerate broadeast-guality displays

would n¢ required. This would Hv signi®icant when considering the

4

Jasign of a svstem which wonld detiver hoth CAT and document -quality
SQTV to remote terminals, as visun! displayvs adeauate for CAD woulc bo
grossiy inadequate for SSTV disnlay of library materials., High resoiv-

£:on CRT's are availahle, (65) hut, alonz Jieh +heir associate hardwere,

*These correspond respectively to rough
-

1y two and fourtimes the reselu-
tinm of 3 standard hroadcast-gual’t s Uy

.

. frave,

A
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are more complex and‘expensive than standuard broadcast-gquality CRT's.
Prototype plasma panels with an element density of 60 lines per inch
have been dcveloéed (57); thus, a 500-linepairs per page display would
require a panel 16.67 inches by 2,22 inches*, while a 1000-line pairs
per page display would require a 33.33 inches by 44,44 inches plasma

panel.*

5.3 APPLICATIONS OF FACSIMILY AND TELEVISION IN INTERACTIVE
LIBRARY SYSTEMS

As we discussed in the introduction %o this section, present day
iibraries have had to contend with rising prices and the increasing
amount of basic materials published each year which must be obtained
to maintain library standards. Cne possible solution to the problem of
providing better services might be to centralize library facilities,
with distribution of materials via a hreoadband educational communica-
tions network.

8v storing library materials in microform, storage space require-
ments could e greatly decrecsed while facilitating machine handling
of materials. Library users would have access to library materials
through the interactive terminals of the system, possibly with the
assistance of a computerized card catalog through which references
could he ontained by the user's answering of a series of questions allow-
ing the computer *o select the material: most likely to contain specific

b
information needed.

Distrihbution of requested materials might He done by 3STV, with
local electronic storage being provided at the interactive torminal in

the form of audio cassette 'ccorders which were remotely controllable

*5:1 aspect ratio,
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from the librarv materials distribution center, allowing overnight dis-
tribution and storage of large volumes of materials. For one example,
the amount of storage available per cassette c.uld be computed as
follows: The RCA Videovoice SSTV terminal set is capable of transmitt-
ing a broadcast-quality SSTV frame (34) over voice-grude telephone
lines of 3 kHz nominal bandwidth in 53 scconds.* Assuming the inter-
active terminals were equipped with cassette tape recorders having a
bandwidth of 15 kHz, a broadcast-quality SSTV frame could be trans-
mitted as a 15-kilz SSTV signal in 11 seconds. Thus, an audio cassette
having 562.5 feet of audio tape (00 minutes of tape at 1 7/8 inches
per second) could record 1300 frames of broadcast quality per cassette.**
Recalling that the lower limit on acceptable resolution for dis-
plaving a page of textual material Is roughly twice that of a broadcast
quality frame and requires four times the bandwidth-time storage
zapacity, it would require 34 seconds of a 1o kHz SSTV signal to trans-
mit a page of marginal resolution; 325 such pages could be stored on
an audio cassette. Similarly, 176 seconds of 15 kHz SSTV signal would
he required to transmit a high-resolution (having four times the
resolut ion of broadcast-quality frames) frame of textural materials and

only 80 such frames could be stored per cassette.*

*This is approximately equivalent to a 4.5 MH: frame in 1/30) sec.
csee Appendix ALlL).

e+ | frame , 60 seconds , 60 minutes , 1 hour , 4 tracks _ 1309 frames
11 seconds minute hour track cassette cassette

*1300 broadcasting

quality frames . 1 high resolution page _ 81.25 high res. pages
cassette 16 broadcast quality cassette
frames

i

+
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Because most interactive users would find the delay between frames
excesdsively annoving,* the svstem must be modified to permit faster
retrieval of requested frames. Neglecting for o moment the time requir-
ad to retrieve suhsequent frames for transmission, it can be shown**
that to transmit a high-resolution page in one second requires a channel
Handwidth fand terminal recorder bhaundwidth, where applicable) of 2.64
Mz, indicating that for on-line materials retrieval, slow-scan TV is
net an acceptable transmission technigue.

SSTV could bhe used, however, 1n conjunction with the SCA channels
2¢ FM hroadcast stations to distribute textual materials having mass

appeal “i.o. non-interactive) over large sparsely populated regions

T

where other alternative information svstems were deemed impractical.

\ similar system utiliZing the horizontal retrace intervals in standard
NTSC television signals to transmit newspapers to home facsimile
rocalivers has heen desigred b RON MY while there are no engineering
chstacles to 1ts implementation, a market for the service has never
hean cxtablished. Because ot rising paper prices, a similar system
using S5TV irstead of facsimile to transmit textual materials might in

the futurc prove to be marketuabic.

* xp e with Project Intrex, a ten year research project at M.I.T.
oncern Lug possible applications ot technology in future library
stems f38), has shown that delav< of up to 10 seconds are tolerable
i1 retr 1evxng the first page of 1 requested document, but subsequent

[ iw

pages should he retrieved rapidly {in le¢ss then | SLL) to facilitate
srowsing through the document. (536

**As noted carlier, 176 seconds n¥ 15 kliz bandwidth SSTV signal are re-
aquired to transmit a high-resolution frame., If the frame is to he
transmitted in one socond, the bandwidth of the signal, 15 kHz, must
be multintied 175 times :o ’“at the Dandwidth-time product remains;
constan® {sec Appendix AL! Thys, to transmit 1 high resolution
frame in one second requxres 1 sienal whose handwidth is 176 x 15 kM=
st M,
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In the Qesign of any interactive library system, the heart of the
svstem would be the microform storage and retrieval hardware, which by
computer control could locate and retricve for transmission microimages
requested from remote user terminals. One such system, the Mosler 410
Information Svstem wmanufacturcd by the Mosler Safe Company (59), is
able-to retrieve and display on independent remote television viewing
terminals anv requested unit documert @ i.e., tabulating card, aperture
card, or microfiche) from a file modile within ten seconds., File
modules can be multiplexed together to create system storage capacities
in excess of one million unit documents. The price of the basic
retrieval svstem started at $30,000 (100,000 unit documents capacity),
while its remote television viewing systems were priced $70,000 and up.
Because of limited market for the system, it is no longer manu-
factured. (60)

A similar system, the 626 Information Storage and Retrieval System
distributed by Varian ADCO, (39) does not require a computer for
operation and is designed for inexpensive modular expansion from as few
as 10,000 documents to millions of documents. The system’s optical

search head can scan a file of 1000 microfilm carriers in one second, and

the system can display any document from a1 file on the system's single -o-

mote display terminal within six seconds.* The microforms are viewed h-
2 video camera which produces an image with 1225 lince resolution. (59)
Controls on the terminal allow the operator to scan the microform

along X and Y axes, allowing frame selection.

*presumably, the operator must indicate which file is to be searched,
as the unit does not have computer indexing and to scan all of the
files in a large system would take an oxcessive amount of time.
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A third system, the CARD/COM S0 Mode! 201, is a storage/retrieval
microfiche reader with a capacity of 750 microfiche; uny frame upon one
of the stored fiche can be accessed and optically displayed upon the
reader’s screen within four seconds. | ‘ecause cach frame on the fiche
15 machine-indexed by a number-letter combination, subsequent frames

on retrieved fiche are accessible within one second.* The basic unit's
price is $4759, while a unit with computer interface permitting the
CARD reader to be directly controlled by o computer is available with
orices starting at $7800. (59)

[t should he noted that none of these units (or for that matter,
any presently available microform storage/retrieval units) combine all
the features nceded for use in an interactive library system. For
an interactive library system to be.ﬁs convenient to users as open
library stacks, its storage/retrieval svstem would have to combine some
catures of all the units mentioned. in sddition to other features.
First, it would require a large enough capacity to store a significant
number of microforms; were the document collection of the interactive
svstem too small because of limited storage capacity, the system's
support hase would suffer, which would probably cause the system never
to he huilt.,  Similarly, although vach retrieval device (using single
frame tratsmission techniques and frame grabhers at cach user terminal)
could simultancously serve several user terminals, the document file
need have multiple independent retrieval units. Otherwise, cxcessively
iong gueues for the single retrieval unit might develop. A further

requirement would he that individual micronforms should he accessihle

*The CARD reader, modified for use with remote videco displays, was uscd
tn Praject Intrex, in which *he one seeond time limit wase detorminad,

e,

4
e
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to several users simultaneous iy, While tiis s not absolutely necessars.
for viewing standard works in solovted fiolds, current periodicals, eto.,
it would greatly increase the svstem user's convenience.

To facilitate browsing, the svstem should be able to perform ini-
¢ 111 document retrieval within ten soconds, with display of subsequent 1y
requested frames within one cocond.  This would nrobably require the
rotrieval svstem to have two-loevel storage; that is, a main storage
facilitv in which microforms not in use would be kent, and a buffer
storage from which microforms in use could quickly he accessed. To
further facilitate speedy retrieval o <ubsequent frames, the micro-
forms used would need to have tandardized forrmat to allow machine
indexing of individual frames,

Finally, the storage/retrieval unit's image scanners and signal
nrocessing equipment must he considercd. The image Scanners must of
coursa he capable of reproducin: Fegmes with a resolution acceptahle to
rhe user. In addition, they should he dependable to reduce the amount
of maintenance required. In Proiect Intrex, microfiche SCARNING WAS
accomplished through the usc of lenses and a photemultiplier tuhe. (61}
Today, this could probably be done more reliahty and inexpensively hv
charge-coupled devices.

necently, integrated circuit arravs of charpe-coupled cevices
(rD's) have been made commercially available by the Reticon Corporation
and fairchild Sem:conductor. (62, 63, 6d) Consisting of arrays of
photo-sensitive semiconductor devices, each device accumulates an
electric charge proportional to she amount of light falling on it, wher
the devices are serially scanned, the output 14 A signal waveform

corresponding to light and dart areas as perceived hy the CCD array.

s
.
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Advantages of CCD arrays over vacuum-tube scanners include rugged-
ness, high dynamic¢ range, and low voltage and power requirements.
Because the microform storage/retrieval hardware will be shared

among many remote users, some form of coding specifying the destination

,

of the retrieved frame's signa! will he required. This can probably

be provided in the same manner as is Jone in the TICCIT-CAI system,

In fact, the network and terminals used by the interactive library
system could also be used for ¢AI with few restrictions.* In that case,
the system coding for interactive library use and CAl would be designed
to he compatihle.

Finally, depending on the availability of system terminals to
individual users, provisions for obtaining hard (full-sized and/or
microform) copies of library materials must be included among inter-
active library services. In areas without extensive library services, _
this could he implemented simply with telephone ordering and mail
Zistribution of copies from the central storage facility; otherwise,
this might be accomplished through the interactive system by facsimile
transmission to remote facsimile receivers, with provisions for ordering
copies from remote user terminals. In the latter casec, because facsimile
information must in general »eo transmitted more slowly than television

informatior to allow recording on physical media, special allocations

within the network for the slower facszimile transmission would “e made.

*Specifically, the network described here does not include provisions

for sound programming or color displays. Audio-conpression techniques
might he used to transmit audio programming for CA: during part of tho
interval normally used to transmit the higher resolution frame reauired
for textual displays. nfortunately, because color CRT's are unahle *o
attain resolutions greater than (typically) 600 lines regardless of
scresn slie, (63) the CRT's used for textual presentation must he hlack-
and-white,

.

G



-10%.

An alternative would be to equip the remote facsimile receivers
with memory systems capable of recording the tfax signals transmitted
at television rates for playback at rates suitable for recording the
facsimile signal on physical media. In this system, the original signal
waveform would be provided by un optical scanner of the microform
storage/retrieval unit; the signal, after processing, would be recorded
by a facsimile receiver such as the \lden 9257 Alspeed Recorder (59),
priced at $9500 and capable of recording fux signals with bandwidths
from 3 to 48 kHz. Microform facsimile copies might be made using
computer output microfilm (COM) techniques.

A final caution should be mentioned concerning widespread use of
facsimile with respect to existing copvright laws. Because the inter-
active library system as described would be equipped to provide users
with low cost copies of library materials, it could be thought of as
a ”mini~pub1ishing house.'" Having the capability of providing users
with hard copies of complete volumes on microform at prices much less
than the purchase price of the original work, users might find it more
attractive to order copies ¢f full texts from the system than to
purchase the desiréd texts. In these cases, the system would be
operating in violation of copyright laws, which allow the copying of
copyrighted materials only for "scholarly rescarch.”* Thus, hefore the
system could be legally implemented, present copyright laws would have to

be modified, or a schedule of rovalty payments would have to he arranged.

*This was practical before the availability of microform copying equip-
ment, as to copy a full text at five to ten cents per page would,
while yielding an inferior product, he generally more expensive than

g buying the original text.

o
+
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Terminals for use with the interactive library system would likely
include a high-resolution CRT Jdisplay, a frame-grabber for video refresh,
and a Keyboard through whicb users could address the system. As such,
the proposed terminals are very similar to the terminals used in the
TICCIT CAI system, suggesting ‘that interactive library terminals might
al50 be used with CAL.

While black and white CRT's arc available with 4500-line resolution
In any tube size, (65) there are no video refresh memories available
having sufficient capacity to refresh a 2000-line display. These mi ght
be realized, however, by using multiple digitul refresh memories (such
are us2d in the TICCIT system) and addressing them serially. An alter-
nate mentioned earlier, would be to use a sufficiently dense plasma
panel display, if available, it would be more rugged and would not
require a refresh memory.

The network required for an interactive library system would be
determined by the number of remote “orminals and the size of the area
to be served by the system. A\s mentioned previéhsly, a channel bandwidth
of at least 2.64 MHz would he required to transmit a high resolution
frame within one second. More likely, the channel bandwidth chosen
would be 4.5 MHz to allow the use of commercially available
broadcast television processing cquipment. The network itself could
comprise a dedicated cable system or shared channels on a community
CATV system. Long distrance transmission hetween libraries might be
provided by dedicated microwave links or arrangements with common

carriers,
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5.4 INTERACTIVE INDEXING CONSIDERATIONS

The interactive librarv services already discussed have the
potential to make libiary usage more convenient while partially soiving
the present materials-handling problems which libraries face. In a
sense, however, these hardware-coriented approaches are not innovative,
in that while they would provide more convenient methods of accessing
library materials, the means by which users search the library collection
would only be mechanized, not improved. It is to this aspect of
library services, interactive indexing, that this section is devoted.

The rapidly ¢rowing volume of textual materials, while posing a
handling problem for libraries wishing to keep their collections
current, likewise poses a problem for library users wishing to keep
abreast of the current developments in their fields. This is especially
true for professionals (e.g., doctors, lawyers, engineers), for whom
current development might greatly affect accepted practices. Similar
problems are faced by researchers in the natural and soéial sciences,
where lack of awareness of resecarch being done elsewhere can lead to
duplications of effort.

These problems could be minimized in an interactive library system
by the addition of an interactive index system having the ability to
assess the content of its document base. This would enable the inter-
active system to prescreen documents for relevancy, sparing researchers
using the library much of the tedium associated with document scarches.
Also, depending on the comprehensiveness of the indexing system, more
thorough searches of the library document hase might be made by

machine, especially in =ubjects largely unfamiliar to the rescarcher.



One ecxampie of an interactive indexing system is the New York
Times Information Bank. (60) Desipned originally to allow casy access
to past news articles for reporters and newspaper editors, the Infor-
mation Bank is an on-line, interactive svstem that provides access to
all news and editorial matter published in the New York Times as well

a

.

selected articles from some sixtv other publications. The Infor-
mation Bank's computer facility, consisting principally of a high-speed
processor [IBM 370/145] and high speed disc storage devices located

in New York Citv, can be linked to CRT .:rminals nationwide via
ordinary telephone lines, either leased or dial-up.

The material in the interactive data base consists of abstracts
Which vary in length according to the factual contents of individual
art:cles: in many cases, it is thought that the abstracts will be
sufficiently informative to answer uscrs' questibns without requiring
LsieTs to consult the source articles. The ahstracts are indexed in
depth, with index terms consisting of all significant subjects,
geographic terms, and company or organization names occuring in the
articles. There is no limit to the number of index terms which may
he assigned to any one article; index terms are entered into the
computer data base along with complete hihliographical information on
the articie.

Tn ohbtain information from the data basc, the user signs on at
wis terminal and then enters several sndex terms describing the suth-
ject in which he is interested. These index terms are then indivicdvally
checked by the system computer against a machine-stored Thesaurus, 2
nrinted copy of which is available to tke user at each terminal. ¥

the index terms do not match terms within the Thesaurus precisely, a
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brief dialogue takes place between the user and computer, during which
the user can select the appropriate index terms from lists displayed
on his terminal screen.

The messages that form the computer's part of this dialogue are
in terse, non-technical English, After the user selects his index
search terms, he may, if he wishes, restrict the search according to
bibliographic criterion such as date, source, etc. The user is then
asked to form the index terms into a "logical search request'"; that is,
using the Boolean opcraters AND, NOT, and OR, the user requests the
computer to search and compare severa! files concurrently and to
retrieve only those articles containced in the subset specified by the
logical search request. An cxample of a typical inquiry might be:

"™McGovern OR Eagleton AND !srael OR Suez Canel.”

This logical search request would cause the Information Bank
computer to select material cn Scnators McGovern and/or Eagleton in
connection with Israel and/or the Sucz (anal.

As soon as the logical search statement has been entered, the com-
puter searches the designated files. Having selected the desired
material, the computer then gives the user the choice of having the
material sorted chronologically in normal or reverse order. The user

is then shown the first ahstract selected; he may look at the abstracts

in the order they have been sorted, skip through the listing of ahstracts

or have any abstract printed on the hard copy printer supplied with

most user terminala. Complete bibliographical data is supplied in case
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the user finds it necessary to retfer to the source article.* Should
the user find that his search statement was too general or too limited,
he can alter his search specificuations and initiate another computer
<earch,

The development of the Times Information Bank cost in excess of
three million Jdollars. Presentlv, g full-scale marketing effort

ihraries, and

DRIl LT Centers LS undenvay. éugmcr%y:LQHQ are offered at prices
ranging from $675 per month to $1350 per month, exclusive of terminal,
communications line cost, and microfiche document base; the sub-
seription price is dependent upon the amount of use and time of day for
use the subscriber requires.  The New York Times on microfiche costs
$900 per vear. Terminal costs are about 3350 per month, while the
communications line cost will depend on type of line and on distance
fFrom N=w York City. An additional plun for universities and public
libraries =ntailing installation of 4 terminal at minimal charges and
then charging for Information Bank sorvices on a per use basis is
a.30 under consideration.**

I* is evident from the cost data on the Times Information Bank
that <imilar systems suitahle for usc witt the large document collection
»f an interactive libraryv system would recuire a large support base to

make the interactive index system economically feasible. To obtain these

*It should he noted that the source articles are not available for view-
ing over the Infcrmation Bank terminal. To view source articles, the
user must consult either the institutior 's newspaper collection, or the
New Yors Times on microfilm through conmvention microfilm viewers.

**The Brooklyn Public Library is currently offering the public access to
the Timesz Information Bank on a trial busis. (67)
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large support bases, and to increase index utilization, interactive
index sygtems might‘be designed for use by all of the interactive
libraries within large geographic regions; such a system might be
accessed over the same network used tfor interlibrary loan transmissions.
In fact, since thé interactive index would presumably contain a list-
ing of all the documents contained in librarivs within the region,

and since the location of the Jocuments could casily be added to the
bibliographic data in each document abstract, the interactive index
system might be used to coordinate interlibrary transmissicn of

documents over a4 dedicated educational network.



-115-

6. SUMMARY AND CONCLUSIONS

6.1 PURPOSE OF THE REPORT; RELATION TO QOTHER WORK

We intend this memorandum to serve as a useful systems design
tool in an engineering and economic studv of communications technology
applied to education. However, it also includes much descriptive mate-
rial useful to the nontechnologist interested in educational networking.
For the engineering study, the memorandum provides an important part of
both the background information and the analysis necessary to concep-
tualize and evaluate alternative communications networking schemes for
the delivery of educational services.

The background information we provide gives the designer of
educational networks a broad engineering overview of the range of educa-
tional services deliverable by communications technology. We review the
capabilities, costs, and communications requirements of these services.
As additional background, we give a brief description of existing educa-
tional networks, such as those serving broadcast educational radio and TV,

The analyses we undertake are preparation for the evaluation of
the performance and costs of various network design alternatives. We
evaluate, and where possible, compare, existing implementations of
communications networks which deliver educational services. An examﬁle
of this type of analysis is our comparison of VHF and UHF broadcasting
for educational TV. We cite channel availability, coverage area, signal
quality, and costs in making this comparison.

A second example of the analysis this memorandumundertakes is our
attempt to predict how some new or experimental educational services
will perform when implemented in an operating network. In one instance,

we analyze the effect of an above-average load factor on the

170



responsiveness of a proposed network for the TICCIT system, an oXperi -
mental, interactive television system for home and institutional usc.

This paper's engineering work, oriented for one familiar with commu-
nications technology but not with its cducational applications, will not
suffice as the sole source of inforation in the formulation and analysis
5€ alternative networking schemes. This effort is of wide scopel it
must, to produce realistic results, consider markets for the services
delivered, organizations for control and funding of networhs, and manv
other issues. However, the information we present, when used 1in
soniunction with other available results, should provide a relatively
complete basis from which to work.

Some of the additiona! resuits needed are technical in nature.
To formulate realistic designs, one needs a basic understanding of
the potentially applicable comrunications technologies, but this
informat.on is avaiiable in numerous texts, iournal articles, and
design handbooks. Therefore, our work discusses these technologies
only to describe the limitatiors the technology puts on the services it
delivers. To cite one instance, the coverage area and signal quality
of AM radio depend on propagation characteristics, bandwidth limita-
«1ons and transmitter power. Our memorandum discusses these limitations
in the specific context of describing how they effect the quality of
educational radio.

In addition, a number of other issues, not speci fically technicao’,
will determine the success of the network configurations formulated.
Two examples are, first, the identity and the needs of users of the
network, and second, how and hy whom the network could be controlled and

supported. This memorandum does not consider these topics, hut they



e

11

have been the subiect of intensive rescarch at the Center for Develop-
ment Technology and elsewhere. The results of much of the Center's
work in these areas are available in companion Jocuments (68-75).

The rest of this summary section brieflv reviews the work of
the memorandum. This review is intended to highlight the conclusions
we developed in the course of this work.
6.2 RESULTS OF THIS REPORT

We bﬁgin by describing and analvzing one communications technique
presently delivering educational services, broadcast educational radio.
Radio broadcast allows inexpensive distribution of non-interactive audio
programming to large audiences. We review the history and present status
of educational radio networks. We determine typical costs for station
equipment and derive areas of coverage as a function of transmitter
power and antenna height for both AM and FM radio. We also discuss the
wvatlability of channels for each, and using our cost and performance
data, compare the amount and quality of programming each could provide.
The comparison indicates that for most non-interactive audio educationa:
programming, FM radio, with costs similar to AM, available dedicated
educationa! channels, higher fidelity, and ability to distribute
severai channels of programming per radiochannel, is superior to AM
ridio for most educational uses. However, in cases where large,
sparsely populated areas are to be served, AM broadcasting might pro-
v.de the only practical hfoadcast distribution method for educational
radio. )

We examine VHF and UHF cducational television similarly. We
determine typical operating and equipment costs, and we derive radii

of coverage for various combinations of transmitter power and antenna

-
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height. Our comparison of VHF and UHF channels indicates that, because
of its higher possible coverage and the existence of superior VHF
tuners in most existing privately owned television receivers, VHF
television is technically preferable to UHF television for distributing
educational programming. However, hecause a limited number of VHF
channels are available, many educational television stations might be
forced to use the UHF channels and suffer the associated p.nalties.

In an attempt to indiéatc some of the options possible when
designing a CAI system or implementirs other interactive educational
services, we examine two experimental interactive networks with educa-
tional applications. These systems are Mitre Corporation's TICCIT
systems and the University of [llinois at Champaign-Urbana's PLATO IV
system. The TICCIT systemuses a minicomputer to provide CAI services
either full-time to 128 dedicated institutional terminals or part-
time to up to 1000 home terminals, a number determined by cable
capacity. We list the types and costs of the equipment needed in the
proposed or implemented TICCIT systems. We also analyze the TICCIT
system to predict exactly how much service it can provide to homes
connected to the system by a cable television network. To do this
prediction, we perform a queuing analysis of the proposed TICCIT system
to be built in Stockton, California. The analysis indicates that, on
the average, there is little chance of users having to wait before
receiving TICCIT services. However, this result is quite sensitive
to parameter variations. We note, for example, that there is a
possibility that users might experience objectional waits before ser ices
become available during the high-load evening hours. One of our

figures shows that an increase of only 5% over the average system

.
[
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loaa factor could increase twotold or more the probability of having
to wait for service.

We next examine the PLATO IV system, which uses a large general-
purpose computer and innovative display technology to allow versatile
CAl to be distributed long distances over low bandwidth lines. We
examine system hardware costs and the amount of service the PLATO
system provides. We find that the present developmental PLATO system
can serve only 1000 terminals (rather than the 4000 terminals the
svstem is designed to serve) because of the heavier than expected load
that users are presently placing on the system. We also analyze the
assumptions concerning the amount of system use that can be expected
(which affects the cost of instruction per student contact hour) and the
cost of producing sufficient courseware to attract enough system use
to ensure that the cost of PLATO CAI remains reasonable. As a general
conclusion, we find design assumptions made in these areas by PLATO's
developers were optimistic.

We examine the Bell System's proposed Picturephone <:>service,

a third interactive communications network and the only one with two-
way, point-to-point video capability, for its applicability in carrying
educational services. Because of its low resolution and high
communications cost, Picturephone <:>,if implemented in its planned
form, is unsuitable for use in many forseeable educational communica-
tions applications.

We study the technologies which might be used to supply inter-
active library and document transmission services over future educa-

tional communications networks. We analyze facsimile and slow-scan

television currently in use for document transmission, and we find that
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these systems are likely to be too expensive and inconvenient to

be widely used in future educational applications. However, facsimile
might be used to supply document transmission to regional terminals,
at which point users could pich up requested materials.

We discuss the resolution requirements of the displays which
would be needed to provide irtcractive library services at user
terminals, and determine the various display/refresh memory combina-
tions which might be successfully used to meet the requirements. We
describe the features of the sclection mechanism needed in a remote
microfilm-hased library system, and we describe a promising and rela-
tively new development, interactive indexing svstems.

This information about, and analvsis of, possible services which
can be delivered by educational communications networks, will provide
a hasis for our future research. The work we plan will be a systems
svnthesis effort, in which we will attempt to design and evaluate a
set of educational networks capahle of delivering different levels of
services to potential home and institutional users. Relatively
unsophisticated delivery networks may develop. On the other hand,
educational services might be carried to terminals over the unused
capacity of CATV networks, or perhaps {edicated networks for education
may develop; we will consider the range of possibilities, By designing
a set of networks to provide different levels of educational services,
we will attempt to find a level at which we can provide the most

e versatile educational service package possible given an estimate of -

the available user support.




APPENDIX AL

TECHNICAL PROPERTIES OF INFORMATION

TRANSMISSION AND DISPLAY

To understand some of the constraints and tradeoffs involved in
the design of educational networhs, some of the technical properties
of information transmission and display must be considered. These
concepts allow the network designer to halance the rate of information
transfer within the network against the quality with which the informa-
tion is finally received; in doing so, the designer can ensure tha; a
given network will provide educational services as efficiently as
possible.

Two concepts central to any discussion of clectrical communication,
frequency and bhandwidth, relate to the rate at which information is
generated or may be carried hy the network. Frequency is an indication
of the rate at which a signal is varving; these variations are measured
in Hert:z (Hz), a unit ecquivalent to a signal variation of one cycle per
second., Bandwidth, on the other hand, refers to the range of frequencies
present in a signal or to the range of frequencies a communications
channel can carry. As an example, human speech is made up of frequencies
from 100 to 83000 Hz (.1 to 8 kHz). Thus, to reproduce faithfully the
human voice, a telephone channe! would need a handwidth of 7.9 kHz, the
difference between the high and low frequencies making up human speech.
Most of the power in speech, however, is contained in frequencics below
5 kMz. Because of this, the telephone, with its 3 kHz bandwidth (0 1z
to 5 kHz), can reproduce speech that is intcllirible although sounding

different from the speaker's voice. A person's voice sounds different
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over the telephone than it does normally because some of the informa-
tion contained in the speech waveform (the high frequencies) is lost
during transmission througﬁ the telephone system.

In most modulation* techniques, each bit of information that a
signal is to convey per second requires that the signal have a band-
width of at least one Hertz (1); in some cases, in order to gain noise
immunity or simplify the signal processing equipment needed, several
Hertz per hit will be used. BRecause of this, the rate of which infor-
mation can be transmitted over 2 channe! is limited by the channel's
handwidth, Similarly, because the rate at which a signal conveys
information determines the range of frequencies which the signal must
accupy, it also determines the minimum bandwidth that the signal may
have.,

We have already discussed how using three - kHz bandwidth telephone
shannels results in speech which is intelligible hut of low quality
(i.e., low fidelity). A similar measure of quality for the visual
displays used in educational networks is display resolution, which
roughly corresponds to the amount of detail (information) reproducihle
in the display. Before discussing resolution, however, we must examine
the methods used to transmit and receive visual images in educational
networks. '

Ordinary television programming consists of thirty still pictures
(frames) per second; hecause of the persistance of human vision, it is

possible to produce on the television screen the illusion of continuous

motion by rapidly superimposing a series of stationary frames. Each

*The process by which information is imposed onto a signal for
transmission.
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television frame, in turn, is composed of 525 parallel lines,* cach
line beiny formed by an electron beam sweeping horizontally across a
phosphor mask on the face of the television receiver's picture tube,
The =lectron beam in the receiver's picture tube is moved in synchroni-
zation with the electron beam which scans the image viewed by the
television camera's pickup Jdevice {(i.e., camera tube). By varying

the strength of the electron beam in the receiver according to infor-
mation about image brightness received €from the television camera tube,
the receiver's electron beam sweeps a line having regions of di€ferent
brightness 1CTOS 3 the phosphor mask of the receiver's picture tube,
duplicating the line in the image viewed by the television camera.

By displucing consecutive lines downward, the cntire image viewed hy
the cameru tube is reproduced.**

Ideally, the areas scannod at any instant by the electron beams in
the tolevision camera and receiver picture tube would be pouints,
allowing consecutive scan lines to he positioned as closely as desired
without having any overggp be:wveﬁ consecutive lines. In reality, how-
¢ver, the areas scanned at any instant by the clectron beams arec small

circles; because of this, consecutive scan lincs must be separated by a

P

*0f the 5325 lines, 485 are actually used in forming the television framo:
the remaining 40 represent the time during which the electron heam

(R}

"retraces’” from the bottom to the top of the screen.

-y

**Rather than scan the 525 lines consecutively (i.e., 1, 2, 3, ..., 525),
first the odd numbered tines (1, 3, 5, ..., 525) and then the c¢ven
numbered lines (2, 4, 6, ... 523) are scanned. This is termed inter- B
laced scanning, and each television frame is <aid to consist of two
fields, one containing the 2ver-number scuan lines, the other the odd-
number scan lines. To complete the scanning of cach field requires
1760 of a second. Interlaced scanning s used to further reduce the
flickering of the television image perceived by the viewer., [2)
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mintmum distance to prevent overlar.  Another consegquence of the
i !

ared excited by the electron beam being a small circle rather than

a point ts that in standard television, each scun line can be

thought of* as betng composed of od0 areas, each of the area of the

¢lectron beam (3); each of these areas contains the average hright-

ness in that region of the scan line

. renresents one piece of video

information, and is termed a picture vlement (pel).  The more pels

I

per frame, the more accurate is the reproduction of the scene viewed

bv the cameri.

‘e measure of the accuracy of Jispiay reproduction is the numher

of micture elements per unit length along the horizontal and vertical

axes of the Jisplav**; this is termed the display’s resolution.

«1on measured in lines per inch {equivalent to vels per inch in most

displays) is an indication of the detail the display is able to repro-

Juce: in video displays, resolation is often measured in terms of the

number of scan lines per frame. fesolution is also indicative of the

*in displayvs comprised of discrete points, such as PLATO IV's
nlasma panel, or in television displays refreshed by digital

refresh memories as are used in the TICCIT interactive television

svstem, cach scan line is actually made up of a countable

number of picture elements. In analog display systems such as
standard television, while continuous (norn-discrete) waveforms

- are used, the maximum number of distinct areas in a alternating
light-dark ''checkerboard” frame that the display can reproduce

is equivalent to the number of pels in the display.

“*pesolution along the horizontal and vertical axes is usually

of the two resolutions along the axes.

R A ]

JAruitoxt provided by Eic:

equal: if not, the display's resolution is equal to the lesser



amount of video information contained in a displav: the amount of video
intormation is proportional to the square of the resolution.

We will now examine the three tradeoffs invelved in communications
network design. The first tradeoft is illustrated in the use of three-

AHz telephone lines to carry eight-kliz bandwidth speech signals., If

(o]

he messayge to be carried allows, the time rate of the messape being
held constant, the bandwidth of the transmitted signal may be decreased
as long as the quality of the signal reproduction remains acceptable.
You can trade handwidth (which, as discussed earlier, is equivalent to
the rate at which information is being generated) for picture quality,
This tradeoff is alsc used in sending Picturephone <:> signals over
l-MHz bandwidth channels., Because a low resolution video display is
acceptable to Picturephone users, the 4.5-‘Hz bandwidth channels neceded
to transmit hroadcast-quality vidco are not required.

The second tradeoff poscihle in communication network design is
1llustrated by the use of slow-scan television to send single broadcast-
quality video frames over 3-kliz bandwidth telephone lines. In this
case, hecause the frame is to be orf hroadcast-quality, the amount of
information in the SSTV frame is the same as the amount of information
»noa frame of standard broadcast television., Unlike the broadcast
television signal, which has a bandwidth (information rate) of 4.5
\Hz, however, the bandwidth (information rate) of the SSTV signal is
iimited to 3 kHz by the bandwidth of the telephone channel. To transmit
a givcn amount of information over a lower bandwidth (information rate)
channel requires that the transmission he longer. This is the key to

the second.tradeoff, Reproduction guality being held constant, if the
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handwidth (information rate) of a system is reduced, transmission time
must he increased (and vice-versa).

The third network tradeoff possible is illustrated by the digital
video refresh memories used in the TICCIT interictive television system,
In this case, the signals generated by the VRM must be standard 4.5-
\fi: bandwidth broadcast television signals; otherwise, they will not
be able to be received on standard television receivers. On the other
hand, because the TICCIT interactive frames contain only a limited
number of alphanumeric characters or line segments, displays of less
than broadcast quality are acceptable. o save money on the VRM,
therefore, the TICCIT system designers use a video refresh memory
which records only one field per trame: this ficld is then transmitted
twice per frame, resulting in a video display which has the full band-
width but only half the resolution of a hroadcast quality frame. In
this case, (non-redundant) information is being transmitted only 50°%
of the time. This is the key to the third tradeoff. Signal bandwidth
(information rate) being held constant, time can be traded for repro-
duction quality (and vice-versa).

The three tradeoffs discussed above allow educational network
designers to balance the rate of information transfer, rcproduction
quality, and speed of response of the network so that practical services
can he provided over the network as cfficiently as possible. Each of-
the media systems discussed in the main hody of the paper can be scen

to include such a compromise.

nd
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APPENDIX A.2

DETAILS OF THE DIGITALLY ADDRESSABLE RANDOM

ACCESS IMAGE SELECTOR AND RANDOM ACCESS

AUDIO SYSTEM USED IN PLATO IV (1)

A.2.1 Random Access Image Selector

The random access image selector used in PLATO IV student terminal s
can randomly access any of the 1/4 in. square images contained on a
16 x 16 matrix with a worst-case time of .2 seconds. This is accom-
plished by physically moving the matrix simultaneously along either
of two Cartesian coordinate axes in order to position the desired
image over a projection lens; this movement is done by a set of four
pneumatic cylinders mounted in series along each coordinate axis.

The stroke length of each c¢ylinder is weighted 8, 4, 2, 1, the
length of the smallest being 1/4 inch. The valves controlling each
cylinder are controlled by solenoids; when a solenoid is in its '"on"
position, the corresponding cylinder will be fully extended, while when
the solencid is in its "off" position, the corresponding cylinder will
be fi. 'y retracted,

The weights of the four cylinders 8, 4, 2, 1, correspond to
23, 22, 21. 20. Because of this, each coordinate in the film plane
can be specified by four data bits, and each frame can be specified
by eight bits. For example, if solenoid "off'" corresponds to a zero
bit, and solenoid "on' corresponds to a one bit, the eight bits used to
specify the picture in the ninth row and fifth colum would be 10010101.
The first four bits, 1001, extend the row cylinders weighted 23 (=8)

and 20 (=1) while retracting the cylinders weighted 2° (=4) and 2! (=2)

Y
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to select the ninth row, while the last four hits, 0101, would extend .

.
: , A 0
the column cyvlinders weighted 27 (=4) and 2

(=1) while retracting the
cvlinders weighted 23 and 21. Thus the trame with coordinates (9,5)
would be positioned for viewing.

Besides requiring low data rates, this selection mechanism is
attractive for several other reasons. As the coordinates are deter-
mined only Dy the state (i.e. extended or contracted) of each cylinder,
the mechanism does not have to return to a zerc point before selecting
the next frame; this speeds the operation of the mechanism. Prototype
models tested had a maximum selection time of 0.2 seconds. The mechani-
cal simplicity of the mechanism makes for accurate positioning; there
are no adjustments to go wrong. In addition, the cylinders themselves
can be cheaply mass-produced out of plastics, cutting down terminal
hardware costs.

A.2.2 Random Access Audio System

The random access audio system also uses pneumatic cylinders. A
disx of Myvlar-based magnetic recording meterial (typically twelve .
inches in diameter) is mounted upon a " gh moment of inertia, rim-
driven turntable wnich rotates at an angular velocity .of 1/8 revolution
ner second. Messages are recorded on 64 circulartracks, each track
having heen divided into 37 equal segments of quafter-second duration.
Through the use of half-track heads, which effectively double the

number of available tracks to128, up to 17.1 minutes of audio message

can be recorded per disc.

¥

To find any particular message unit first requires selection of the
appropriate track. This is done in much the same manner as the image

selector; 1 magnetic record/plarsback head is radially positioned by a



set of sdx series-mounted pneumatic cvlinders with weights ©fe32, 16,
8,4, 2,1, (2% 2%, 23, 2%, 21 2% . As in the image selector, any
particular track can be selected for the magnetic head by extending
or contracting the weighted cylinders, the correct track being
identified by a six bit address.

were radial positioning only to be used, the worst case access
time wceuld correspond to one full rotation of the turntable, or eight
seconds, To reduce this to an acceptable time, angular positioning
is also needed. This can be accomplished by changing the angular
position of the low moment of inertia magnetic disk with respect to the
high moment of inertia turntable through linear translation of a heli-
cally grooved turntable center shaft.

A vertical groove in the center shaft is fitted by a keyed center -
hole in the turntable; forcing the shaft to rotate along with the
turntable. The shaft, however, is free to move up and down with respect
to the turntable. To allow displacement of the magnetic disc, a
helical groove is also cut into the central shaft to which the keyed
center hole of the disc is fitted. As the center shaft moves up and
down, the helical groove forces the magnetic disc to rotate with respect
to the turntable.

To determine the angular positioning needed, the present position
of the turntable and the present position of the disc with respect to
ihe turntahle is nceded. To provide turntable position information,
markers are placed equi-distant along the circumference
of the turntahle which correspond to message unit boundaries; a special
marker is used to denote the 0 angular reference point of the turn-

table (ﬁt = 0°), A detector nositioned along the fixed radial path of

A ‘e

¥ R
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the magnetic head 1s connected to a ¢ounter which is redettd zero
whenever the 0° marker is sensed and increments by one when each of
the other markers is sensed. Consequently, the position of the turn-
table is known to within one message unit.

e positiocning of the disc with respect to the turntable is
indicated by the state of the set of weighted pneumatic cylinders
controliing the vertical position of the shaft. As there are 32
message units per disc track, the set contains 5 series-mounted cylinders

weighted 24, 2

t

2 ,0 . .
25, 21, 27 the length of the shortest is AZ = 360°

»

v /32 where v is the pitch of the helical groove 1in the shaft (i.e.,

: . . 360° .
one message unit occupies an arc of -—=-. Moving the center shaft a

-

distance &I causes the disc to displace with respect to the turntable

360° .
$h Oor one message unit).

nowing both these positions, digital logic is used to determine

the disc displacement needed, correct for spinning of the turntable,

the center shaft's positioning cylinders. Using both radial and angular
positiening, the worst case access time is 0.4 seconds. By dividing the
the disc into 64 tracks and using a half tracg magnetic head, at one
resolution per eight seconds turntable angular velocity, 17 minutes of

audio may be recorded upon one disc.

Reference: (1) D. Bitzer, K. Johnson, and D. Skaperdas; "A Digitally
Addressable Random Access Image Selector and Random Access Audio System,”
August 1970, Computer-based Education Research Laboratory, University of
IT{linois, Yrbana, Illinois.
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