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IF.LECOWUNICkT7.0NS NT.:)TA Fi-`R THE DFLII'FRY OF

EDUCATIONAL PWCRAMMINC

1. INTRODUCTION

This Paper examines the technical :hara.cteri3tics of various

telecommunications media which might he incorporated into a network for

the delivery of educational programming. !..:ducational networks may be

able to provide flexible, vet low-cost, delivery of educational services.

Telecommunications network.; for the delivery of education would allow

;haring, to utilize more efficiently the limited resources that arc
available to the educational sector, while providing all segments of the

educational community acces3 to high- duality insti-uctional services.

Through its great flexibility and diversity, telecommunications techno-

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

individual learner interests. A cormuni:ations-based delivery system

:Quid serve learners whose schedules, locations or ioh responsibilities

limit. participation in the traditional education system.

The term, "educational network," as we use it., means an entity con-

sisting of sets of connections between separate locations, a structure
that dictates the direction of the flow of information within the

network. .ind set of terminal thrcia7,- !arti,:.rs can ultirate':
receive information.



XII facets of the network are highly derendent upon the type of

instructional material to be carried by the network. An educational

network might be as simple as an AM broadcast radio station transmitting

musical selections and lectures having mass appeal to learners in a

sev.ral-state area. On the other hand, an educational network might

comprise a dedicated cable or microwave system, over which learners

can request individualised computer -aided instruction or select and

read any document in a million-volume library from interactive t.erminl!,,.

located in their homes. The range of services which might be offered

aver educational networks is ultimately limited only by the amount

user support the services are able to generate.

As a prelude to the design and assessment of future educational

network,;, both established and Presently developing electronic tele-

communications media which can carry educational programming must he

:onsidered. Each of the different media has particular charncteris-

t;cs which determine its networking requirements and costs. ::xamples

of these zhiracteritics are ',anNidth recuim-lentg, cf,rnlexitv

plant and terminal eouirment, and programming development and

''efore designing a network to deliver a narticular set of

edueational services, the services and the media which can carry them

eu.it examined; they will determine the specifications which the

network must satisfy. This paper will examine the various tolecorruni-

(7 right he used to deliver educational services, art'

will `.Leir cost,; and network requirements in an attempt to

1C* 1;; 7::ide for the .,!osipTI OF future educational networ.

2 and 7, of the naner consirler te 'lroadt:aQ,t T

radio, vo rady->, and VtiT-, and '11!: Alt,oul7h the hroacicae.'



media are mostly limited to non-interactive progranming, they allow

educational programming to be delivered to large numbers of learners

spread over areas now impractical to. servo other means. In addition,

learners can receive the educational programming over existing receivers,

making the per-user costs of receiving proeramming small in general.

The costs and coverage abilities possile For educational broadcast

stations are considered, along with the channel capacity and number of

charnels available. Examples of ,..ducal:ional roadcastine networks,

which individual stations cooperate in eroducinl and sharing educa-

tionalpregramming, are also considered.

iection A of this paper deals with computer-aided instruction !CAI,

an educational service which has the ability to deliver individuali:ed

instruction to learners by allowing them to interact with an education-

al computer system. The section discusses two existing systems capable

delivering interactive educational programmire, TICCTT and PLATO IV,

outlining their configurations, costs, and other design considerations.

rn addition, the Bell System's PicturenheneM), a telecommunications

medium which aids the video dimension to audio telephone service, is

,xamined for possible use in delivering educational services.

1.enlcatior of interactive networks to library systems is exanired

"icrofor7 technclogy, whic could reduce large lihrarie

inte 3 ehvsicalle much smaller,m2e 'ne-accessihle document collection.

1/:.5"_17"-; The requirements of the network components wit'. reglr:

to the retrieval of individual documents, minimum aecentahle

lnd haedwi.i+h, tf..117-..'n.T.:; might he

textual image M r emete tere ar0 aiso

York 7:ries Informa`_E n RqnK, a computerize:I.



Interactive Index sstem having the ability to 1:`t relevant document

in :ts 1%ise according to user-sup rlied subject descriptins, !:

vossible use in interactive lihrary system-.A.

the parer has two arpendices. The first l)riefIv ont!

le t2A.7; rrinciples of corTunization theory f tht nurrose of

the reader .17! understanding of the technical tradeoffs involved iP

t:ducatinnal media d scv.s-se.2 in the main bedv of '11 c'

anrendix descrihes the oreration of P:..\10 IV's randoT

;yect..,r and random access audio 'iv ter:, devices which

.ersAt :+! t,1 he transmitted aver ovdinary telephone lint's.

. .0



FDPCATIONAL RA010

Traditionally, educational services have been brought into the home

through educational radio and television. These services provide

cultural and educational programming over large areas, at no charge to

those having appropriate receivers. This section delineates costs and

techn cal considerations in yd!,:cltional radio.

INTRODUCTION

As of 1970, there were twenty-five AM (amplitude modulation) and

432 FM rfreeuency modulation) educational radio stations in the United

Sates. 1 There are so few AM t:dueatonal stations because, since

:943, the Federal Communications Commission (FCC1 has discou:'lged the

use of the AM broadcast band (S:C3 kHz t 1605 kHz) for educational

rud:o, rreferl.ing, to assign frequencies in the ,00rtion of the FM broad-

case band reserved for educational radio (.. 38 MHz to 92 MHz) , "uniess

S'!); thr.,2 is a special need for the use of amplitude modula-

tion." (1) However, AM educational radio is best used in covering

large area of low population density; AM radio can typically cover four

t.mes the area of an equally powered 7m radio station. In such cases,

t 1bwer fid,-litv (3 kft: bandwidth cor A!.! versus 15 VT: bandwidth for

ee- love: wuld tie a c -. 7t. '-,; e because of the nractca:

ziven po7rIlate area

Thi5 ll discuss the U.50 of ',.roadcast radio to d:4seTriral.r.

educationa1 4ervices. Some of the uducatonal radio netw(rk which

been established to facilitate the exchpnge of high-quality educational

prbgramminc between membcr stations are examine:'. The technical char"--

t,..,r;sti,:s and co its for Fm and M educationa. radio an., consdered, anC



the two servLoes are compared inl an attempt to outline their best use

in delivoring educational services.

:MC:V:10NA'. RADIO NETWOR%S

Traditionally, educational radio has suffered from lack of tunds,

which orovontod stations from genoratin;2, ouantities of high quality

programming .n resronse, manY networks have heen estahlished for tho

purpose of distrihuting quality programMing, either through the mails or

through leased transmission lines. The National Educational Radio

!k:etwork ;KERN) is a national organization of educational radio stations

whi:h are served through the network headquarters in Urbana, Illinois.

l'irough oxoh:.,nge of tape- recorded nrograms, it provides its affiliates

it's a minimum of 863 hours of new programming per quarter. The Eastern

.:duzational Radio Network (EERN) is a group of-Eastern radio stations

which exchange recorded programs, cooperate in the production of shows,

and occasionaPy interconnect studios to provide live remote pro-

gramming. (1)

The Corporation for Public Broadcasting formed National Public Radio

NPR) in 1970 to provide national network programming for non-commercial

public radio stations. Affiliation requires meeting transmitter power

and scheduled broadcast time standards and requires one-half of a member

qtation's programming to he cultural or educational. The NPR distributes

programming through tare exchange and has leased 3.5 kHz bandwidth lines

rrom VrT to form a nationwide network of twenty - eight. member .

kecently, statewide educational television networks have nce, esti',-

lished or manned for many states in the U.F. These networks. in

addition to distributing television programming, could also distriOnte

low-bandwith programming such as radio at marginal costs.



2.3 FM FDUCATIONAL RADIO

In 194t, when the FCC estahlished the present FM (frequency modWa-

tion) commercial broadcast band, it reserved twenty 200-0: channels Ss

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

use. These channels offer educators the opportunity to broadcast much

higher-ouality nrogramming than can 'o broadcast over the AM broadcast

channels. While eaTh channel in the AM - rcadcast band is limited to a

ten-kH: bandwidth (which corresponds to one channel of five-kHz band-

width programming), each 200-kHz bandwidth 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 FM's ability to trade

bandwidth* for noise immunity (2), FM radio able to give noise-free

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

its prime coverage area only by direct propagation (that is, essentially

along lines of sight from the transmitting antenna), which greatly limits

its prime coverage area. This makes FM broadcast radio primarily a

metropolitan service; reception over large distances requires sophisti-

cated receiver, 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 broadcast radio, the ratio of channel bandwidth to program ban(:.-
width 1.3 ten-kHz to five-kHz or 2:1. FM roarIcast radio, on the ot:Icr
hand, with its three possible channels of fifteen-kHz bandwidth pro-
gramming per 200-kHz bandwidth broadcast channel, has a ratio of
channel bandwidth to program bandwidth of 200-kHo to 45-kHz, or 4.44:1.
This higher channel bandwidth to program Lindwidth ratio is response
for FM's Ahllity to provide relatively noise-free nrogrammin.
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1 mv./meter or greater in metropolitan areas." (3) Table 1.1 lists the

maximum ,ewer and antenna heights for the various FCC classes of

stations. while Table 1.2 lists the nrime coverage area whicb ;:an he

exnected from each.

Table 2.1 lists the programming equipment needed fer a typical FM

broadcast studio, with equipment prices estimated where possible. Ns

Table 4 far NM, building costs (rent, heat, utilities, soundproofing,

etc. are not included. Table 2.2 summarizes tvrical transmitter costs

fnr gi'wen Power levels. Transmitting antenna prices are determined by

the polarization and directional gain required, and vary from S700 to

Tower costs (where applicable*) run from $100 to $300 per

foot of tower 1wight, depending upon the condition and location of the

antenna site, and upon any tower options desired. (5) The cost of the

trarsmi5si n line connecting the transmitter to the antenna varies from

S6, to SI73 per twenty foot section. (4) The cost of the audio channels

(typically point-to-point dedicated microwave or Class AAA telephone

lines) needed to connect the studio to a remote transmitter and

antenna varies depending upon the locale and distances involved; this

cost ha5 not been included. Table 2.3 lists typical personnel required.

2.4 NM EDUCATIONAL RADIO

.1.1 Area of Coverage

The Fc:c defines the "primary service area" of an AM radio scat ion.

as that area in which reception is not subject to objectiorahle

or interference. (10) AM radio signals propagate both by greunNlve

*Because of their relatively small size, FM antennas car often hc

on existing towers; in this .:a c, the cost ef rentinz the

snace woml he substitutcrl for the cost of a dedic72te tower.



Table 1.1

Restriction of FM Transmitter Power
And

Antenna Height Hy FCC Class of Station (()

Station Class Max. Power (Watts) Max. Antenna Neil,ht (ft .

-\ 3,000 300

B 30,000 500

C 100,000 2000

--)
k_ 10 __*

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



Tab le 1.

and Area for l Broadc 1st i on s

l'ransma t Lir rower Ant enn lit. Coverage !ZaLi i uw
(rii. les)

Cover:Igc re:"

3 300 13

300 33 3321

log) po(` 4S 71"=,8

..)'1) '000 (,3 12468



Table 2.1: Cost of Typical Educational FM
Programming ment (S) (9)

Studio

Quantities Total Cost

Production Room

Microphones 4 450

Microphone Hart:ware 90

Audio Mixers 1 1 6400

Turntable with
tone arm anC
cartridge

2 1400

Reel-to-Reel
Tape Recorder 2 4000

Cartridge Tape
Recorder 2 1 3400

Headphones 1 180

Monitor Amplifier 250

Speakers 2 2 500

Maintenance and
Test Equipment 3000

Total $19,670

($)
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Table 2.2: Typical FM Transmitter Costs
-Versus Output Vower Level TPT-----

(1976)

Transmitter Output Power Costs

kW $ 7870 + $ 200 for spare tubes

S kW $15,745 + $ 531 for snare It

10 kW $20,995 + $ 661 for spare ,,

,0 kW $28,345 + $ 767 for spare I t

40 kW $64,950 + $1534 for spare II

Additional Transmitter Equipment Required (8) (9)

Type Cost

requency Monitor $600

Mono/Stereo Modulation
Monitor $1500/$2500

SCA Frequency and
Modulation Monitor* $1100

Multiplex Monitor ** $500

*Ne,:ded if station broadcasts SCA.

**Needed if station broadcasts in stereo.

I N
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Table 2.3: Tuical Personnel Requirements for
an FM Educational Broadcasting

tation

Tyre (full-time) Number Estimated Annual Salary (1974)

general Manager 1 $15,000

Chief Engineer 1 $10,000

Programming Personnel 3 $ 7,500 each

Announcers 3 $ 7,500 each

Secretary /Receptionist 1 $ 6,000

Note: Depending upon the amount and type of programming originated
locally, additional full- and/or part-time personnel might

required.
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erepagation (over the electrical "line of sight" from the antenna), and

by a phenomenon known as "skip" propagation (by bouncing between the

earth's sur'ace and the ionsophere). Groundwave propagation is not

subject of -Fading" - random signal level changes. Skip propagation,

on the other hand, is subect to fJdint7 due to changing ionospheric

oonditions Ind due to multirath distortion.* Thus, the primary service

area of an V station is limited to its groundwave coverage area.

Interference, the second term in the FCC definition, is caused

by natural electrical phenomenon (e.g. lightning discharges) and by man-

Ilade olectrical eeuipment (e.g. fluorescent lamps, automobiles, etc.1

whenever energies in the AM broadcast hand are created. Natural inter-

rence varies seasonally (there are more lightning storms in the s,.imrner

than the winter), and due to the large amounts of energies involved,

covers 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

signal strength to received noise. Signal strength can he computed by

the ecation Smillivolts/ meter) = A/r-, where A is the signal

strength in millivolts ner meter (mv./meter) one mile from the antenn-.1,

and r is the distance from the antenna in miles. Noise interference,

*If twc or more parts of the wave follow slightly different naths
receiving point, the difference in path lengths will cause a phase
difference between the wave components at the receiving antenn. "",e

tota1 strength of the receive,' .;igral w:Il the vector o'

rood red oomronents, and can no greater or tl.lar any on': of

wav corl-_)orents; t?1,,y may interfer corrl;etv,:Hy -r
destructvely with each other.
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because it is unpredictable, is generally measured at the particular

location'of interest and an average value of noise is computed.

For year-round acceptable reception in rural areas (a good use for

AM radio), the FCC states a minimal signal strength of 0.25 mv.imeter

is necessary. (11) This statement assumes that the average value of

noise interference in rural areas is the sale everywhere. From graphs

surnlied 5v the FCC (12) , the prime ,:cerages specified in Table 3.2

are available for the different classes of AM radio station as a func-

tion of soil conductivity. The average value of : (the conductivity of

soil in mhos per meter) is 10.` for moist soil and 10- for (Iry soil. (1.)

The coverage figures given in Tah1e 3.2 are approximations of the

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 given areas is possible, but reception becomes poorer as one gets

further from the transmitting antenna(s). For educational radio pur-

poses, coverage will be considered to be only the prime service area.

Similar coverage figures can be derived for urban areas, but this wil!

not be done in this report, as any broadcast radio services for urban

areas could be provided by FM radio; F% radio, with its higher bandwidth

-end relative noise immunity, is preferred for Providing broadcast audo

services.

2.4.2 Typical Costs for AM Radio

Table 4.1 lists the programming equipment needed for a tre:cal

educational AM broadcast studio, with eluipment prices estimated w)yr

pos. Ruilding costs (rent, sounJproofinz, etc.) arc "n4.

included. A5 transmitter costs vary accorinv tn pnwr:r 9u t ;! :*



ra!lle 3.1

AM Power Restrictions 71%. W.C. License Class (121

Class of Station 'Permissible Iffective !ladiated

II

IV

50 KW

10-50 KW

1- :) KW

.25- 1 KW



Tahle 3.2

'.'vnicai AM Covera_se Radii and Areas bv I'B'C License Class (I2)

as s o

at 1.,an

or :Ira

1%.

Conductivity of Soil (mhos per meter)

10- (moist) 1-30 (dry)

r.l.;:s,,2So sq. mi. 25 tai /1903 sq.

7..7i., 13,300 sq. mi. 22 ri./152t., sq.

60 mi. ,309 su. mi. .O mi./1256 sq.
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Table 4.1: Cost of Tyzical Educational AM

Pro rammin r-uinment (81 (9T
0970

S*udio

Quantities Total Cos!

Production Room

Microphones
4 450

Microphone Hardware
90

Audio Mixers 1 1 5000

Turntable with
tone arm and
cartridge

- 1400.

Reel-to-Reel
Tape Recorder

4000

Cartridge Tape
Recorder - I 275C

leadphone!st
150

monitor Amplifier 1
100

Speakers 1 1 150

Maintenance and
Test L]quipnent

30G0

Total $17090
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the transmitter, prices for several different levels of transmitter

poser are given in Table 4.2, Antenna tower costs range from

$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

directional antenna arrays.

The number of types of personnel which would be required to operate

an AM educational radio station are largely dependent on the type of

programming which is broadcast. Stations which broadcast mostly pre-

recorded material such as music, syndicated news, etc., would not

require the large production staff needed by stations that develop most

of their own programming. A listing of the personnel needed to operate

a typical AM educational radio station, along with their estimated

annual salaries, is given in Table 1.3.

2.5 COMPARISON: AM BROADCAST RADIO VS. 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 equally 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 he received by more people in

most areas. This fact is especially significant in rural areas too far

from population centers to normally receive FM.

Besides interference due to noise, which affects AM more than FM

because of FM transmission's ability to tradr bandwidth for noise

immunity, AM radio has disadvantages which deserve mention in that they

effect the utility of the medium for educational purposes. Unlike rM

radio, which has specific frequencies reserved for educational use only,

AM educational radio has to vie with commercial broadcast services for
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Table 4.2: Typical AM Transmitter Costs
Versus 'output Power Lii76T(n1

co.01

Transmitter Output Power Cost

0.5 kW $5975 + $ 209 for spare tubes

1.0 kW $629S + $ 209 for spare tubes

5.0 kW $21000 + $ 805 for spare tubes

10.0 kW $22995 + $1035 for spare tubes

50.0 kW $99950 + $3880 for spare tubes

Additivnall"'nmIsqLILVi-22712L121LellE512a21

Type

Frequency Monitor

Modulation Monitor

Cost

$990

$79S
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Table 4.3: Typical Personnel Requirements for
an AM 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 am; type of programming originated
locally, additional full- and/or part-time personnel might
be required.



channe: moreover, the characteristics of WI detection (the

nroces !, 'Abch the information is extracted from the received si,.

ma'Ne AM more subiect to adjacent channel interference than I. If two

different stations are received simultaneously by the same reeeivor,

t stronger received signal comHetely covers the weaker of the two .ins;

only the stronger is received; t'lis is called the "capture effect.

When tw..) tations are received on AY radio , how.ver, both are heard.

This interference problem is compounded by AM radio's ability to pro!,a-

gate by bouncing from earth to the ionosphere and back; during the

night, lono.er distances are covered by this method so that an M

wb:Lih ...luring the day receives no interference may at night

rece:.v.:, objectionable interference. Jw,; higher transmission fre-

.iuencies eliminate this effect.... Thus, the FCC permits the major

stations of a region to operate twenty-four hours per day, while lower

powered ,,tations serving only part of a region are restricted to opera-

tio- on during the daylight hours when there is little chance of

mutual interference. This is significant with respect to educational

stations in that most adult continuing education would he carrie in

the evenings when its audience is at home. However, unless a powerful

trans-litt r were available to the AM educational station, it wool he

reooirer:! to down durng the evening hours, eliminatinc7, any

oossibility of effective adult education. In addition, the low .2.--

N idth o AM radio 10lit), while acceptable for speech, does nn

high fidelity music or stereo reception, which for educational r:oroe,;

is not necessary but in some cases desirable.

V radio alco allows only 'nr' channel ror transmitter, orny''R!'n-

the possibility of multiple programming from any one source. On
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other hand, FM broadcasters have been awarded the use of SCA (Subsidiary

Communications Authorization) (1) channels allowing up to three pro-

grams to be transmitted simultaneously per station (i.e. stereo

broadcast 4. 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

physicians. (1)

Summarizing, FM broadcast is superior to AM broadcast for education-

al radio services in all cases except those in which the required

coverage area is so large that AM broadcast, 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 subjects 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: (15) comparison of the two media, however, have

not always 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

been designated channels 2 through 13, are located in six-MHz frequency

bands between 54 and 216 MHz, with gaps between 72 and 76 MHz and

between 83 and 174 MHz (17). Of these twelve channels, a maximum of

seven (channels 2, 4, 5, 7, 9, 11, and 13) may he used simultaneously

in any region (18); this restriction guards against the possibility of

interference between stations on adjacent channels. Ultra-High Frequency

r'1HFi Television occupies fifty-six, six -'fflz channels

(designated channels 14 thru 61) in frequency bands between 470 and SO6

MHz, r.l 7) 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 UHF;

this fact accounts for the low usage of the UHF broadcast band.

Table S.1 contains the FCC restrictions on maximum antenna hei7!,'

and visual effective radiated power of the various channel a;siireee



Table 5.1 Restriction of ERP and Antenna Height
by Television Channel Assignment (20)

Channel Assignment Maximum ERP Maximum Antenna Ht.

2-6 100 (20 dbk) * 1000 ft.**/2000

7-13 316 kW (25 dhk) 1000 ft.**/2000

ft .+

ft.+

14-69 MW (37 dhk) 1000 ft.**/2000 ft.*

*dbk g decibels above 1 kW power

**For 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,
Vermont, New Hampshire, Virginia, and Maine. (21)

*For stations located in U.S. and possessions outside Zone I.



'Isual effective radiated power is defined as the power output of a

;t:at ion'ti visual transmitter t.,2.1ratL:,!rxt!-,mitter-; are used for the

vis.ua! and audio portions of the broadcast signal), multiplied by the

gall of the transmitting antenna. (19) To achieve gain in an antenna,

the antenna is de signed to focus newer in some directions, while

radiating little power in others. (An analogy to this is the reflector

in a flashli.eit, which takes the relatively weak glow of a small

light hulk and ,:oncentrates it into a powerful beam of light.) Thus

1 one -,A* transmitter feeding an omnidirectional antenna would have

AP effective radiated :)ower F.RP) of one kW, while a one U' trans-

Titter feeding a directional antenna with a power gain equal to 4

;hi w,.)uld have an FRP of 1

Table - gives the maximum limit of coverage for various antenna

Lei' hts a-;suming maximum ERP to the antenna. Unlike Tables 2.2 and

3.2 for Fm and AM radio respectively, no coverage areas are given.

Thi,; Is '7ecause unlike the A"1 and FM cases where power limitations were

aztual transmitter power output and antenna height, allowing cal-

ulation of th0 area of coverage as a circle whose radius was the

imt of coverage, for a given ERP, a television station's area of

coverav may or may not be circular, depending upon the characterise icy;

--- the antenna.

The maximum limit of coverage for UHF stations (channels 14 through

1 in Tale fl needs to be qual:fi,2d as follows:

-7.!e limits of coverage given in the table are for the

maximum FRP for the dil'f'..rort C:;innel

*one one kilowatt t one thousand watts.



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

1 :N/meter Cu)div (:2)

Channel Assignment

thru

7 thru 13

14 thru 69

Minimum Field Intensity

74 dbu

77 dbu

80 dbu



Fable b.

'.:hannel Assignment

,.1ru o

2 thru

7 thru 13

thru 13

14 thru "0

-18-

Maximum Limit of Coverage of Television

Station 1,y Channel Assignment and

Antenna Hei):ht (:3)

Antenna Height Limit Coverage

1000 feet

2000 feet

1000 feet

-'000 feet

2000 feet

figure may be misleading; see text.

2S miles

42 miles

38 miles

53 miles

59 miles*
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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,dueto 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 neighboring 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 services

he widely used, lack of available VHF channels would force many of the

stations to use the UHF bands.

3.3 COSTS

Table 7.1 lists the equipment and cost required for a studio

capable of supporting four channels of educational television programming

required studio personnel, office staff, and their salaries, along wit.:1

average programming costs are listed in Table 7.2. Representtive costs

for;UHr stations (single channel) arc given in Table 8. Table 9.1 lists

other fixed costs associated with single channel UHF broadcast stations,

while Table 9.2 lists annual operating rrixed) costs.
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'.1 Broadcast Television Studio Equipment and Costs (24)

1973)

quantity Item

4

Color cameras, broadcast quality
Video-Audio Switching Equipment

2" Video Tape Recorders

1" Helical scan video tape recorders

Film/Slide Chain Equipment

2 film cameras
2 film protectors
1 slide projector
Multiplexer Unit

Fixed Costs

$480,000
$150,000

$240,000

$ 40,000

$112,000

Audio Equipment $100,000

3 consoles
monitors
mike and speakers

Studio Lighting

Remote Pickup Van

Includes 3 color cameras and a
video tape recorder

Tm s studio Is shared by four stations.

$100,000

$350,000

$1,372,0C,)
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Table 7.2 Operational Costs for Broadcast
Television Studio (24)

1973)

Wages and Salary

S12,000/yr.

Fixed Costs

2 Shifts

2 Directors $ 24,000
b Cameraman 9,000/yr. $ 54,000
6 Engineers $10,000/yr. S b0,000
2 Light men $ 9,000/yr. $ 18,000
2 Audio men $ 9,000/yr. $ 18,000
. Announcers $10,000/yr $ 20,000

Office Staff

1 Administrator S10,000/yr. $ 10,000
1 Clerk $ 7,500/yr. $ 7,500
1 Accountant ) $10,000/yr. $ 10,000

Total $221,500

Programming Variable Costs

Films and Tape Cost $174,000
Artists (talent cost) S 9,000
Royalties and License Fees $ 57,800

Total $240,800

Not.: This studio is shared by four stations.

f a./
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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
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Table 9.2 Broadcast Station Annual Operational
Costs (Fixed Costs) (26)

(1973)

(Single Channel)

Item

Engineer (5) 15,000/yr.

Technician ;7)) I2,000/yr.

Repair Parts

Building Maintenance and
Utilities

Tower Maintenance and
Utilities

Insurance

Total for One
Broadcast Station

Cost

$75,000

$60 , 000

$10,000

$ 1,800

S 2,000

$ 3,700

$152,500



3.4 ,NCTOI.S PIHIS.rING BROADCAST FDUCATIONAL TELIMION

!,.nce broadcast television is a service capable of bringing

education into all homes in metropolitan areas, the problems limiting

widespread use of educational TV must now he discussed. Unlike FM

educational radio, which has sl,oclfic freeueneies set aside for its

use, educational TV must vie with commercial broadcast stations for

channel assignments. This would seem to be of little consequence

considering the size and relative disuse of the UHF broadcast band.

However, as discussed in Tablet), UHF television has less effective

coverage area than VHF television due to the higher carrier frequencies

used, making equal coverage more expensive if not impractical. In

addition, most commercially available tuners compound the UHF signal

reception problem. They have poor adjacent signal selectivity, and

the; are harder to tune correctly, all but the newest being designed

For continuous tuning rather than "click" tuning as in VHF.

factors described make corpetition for the VHF broadcast

channels in any area great, and have discouraged the use of the UHF

broadcast band. better UHF tuners are becoming available, but wide-

spread use of these will take time. In the near future, use of the !!F

broadcast band will remain light.

3.:-) EDUCATIONAL TELEVISION NETWORK:; (27)

Because television programming is more expensive to produce than

radio programming, locally originated TV progranwing tends to reflect

the aims of the organization holding the station license. In the

major categories of license holders, programming on university-run

;tation3 tends toward public cultural enrichment, extension training
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(especially in the case of land grant schools), student training and

teaching, and public relations; stations run by public school systems

concentrate on programming to assist their own staff. Locally

originated programming, due to inexpert participants and lack of funds,

is generally 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

varying 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 (CEN) 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;

EEN'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 might prove to be necessary in educational communications. As
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of January 1970, 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 networks for program distribution.

The Central Educational Network (CEN) is the midwestern counterpart

of EEN. As of January 1970, 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

nationally 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 AT&T

facilities, w!.th station KCET (Los Angeles) acting as regional delay

center; little cooperative programming and program exchange occurs

within WEN.

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 service of the National Educational



Television and Radio Center (NETRC). While initially NET was conceived

as an -exchange center" for programming produced by member stations, NE'7

gradually got more involved in the production of educational programming

for the general public, providing five hours of new NET programming

per 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

programming falls into two categories: cultural programming and

programs for children.

In 1967, as the result of a report of the Commission on Educational.

Television sponsored by the Carnegie Corporation of New York, M.,sieent

Johnson sent a proposal to the Congress calling for immediate action to

extend and strengthen educational television, to increase federal supoo-t

of public television, and to establish by act of Congress a new instio-

tion for public television. The resulting Public Broadcasting Ac`. of

1967 included the creation of the Corporation for Public Broadcastint

(CPB), a non-profit organization empowered to receive funds both frog.



- 39-

government Ind private sources. CPB's role was specified as being to

strengthen local public broadcasting stations, to develop (hut not

operate) an effective national interconnection of these stations, and

to augment the national inventory of pro rams (hut not to produce any

programs itself).

In the early days of CPB, NET managed 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 country's noncommercial ETV stations, NET

has concentrated on program production,

PBS 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

public television operations, two members chosen from outside the

industry, and the presidents of CPB, NET, and PBS.

In January 1971, a survey conducted by PBS showed that fifteen states

completed interconnection of their 17V facilities. Of these fifteen,

nine owned the network while the remaining six used either common carrier

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

surveyed, Indiana had forty-three TV circuits and was capable of

carrying ten simultaneous TV transmissions over the entire network,

while nine F the states had only one video circuit. The tota:
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investment in state and privately owned facilities was over $7 million,

while the total annual payment for leased facilities amounted to $4.0:.;

million.
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4. 1NTERACTI%T. 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

3ell System's Picturephone(D).

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 either 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.

Ideally, an educational system should have the capability to

judge user comprehension and offer supplementary instruction to clarity

points still puzzling to the user. Due to the one -way characteristic

of a broadcast transmission system, this is difficult if not impossible

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 '4yster 1w

using a sixteen button pad or optional full alphanumeric keyboard

-.a



t?irougn which the viewer can select suh:ect matter, answer uuest ions

and reeue,,,t su!'nlementaI instri,ction. Int:ormation transmission is

'done via coax.al cable.

A ccaxial cable consists of a wire center conductor) surrounded

c\;:inder dielectric which in turn surrounded by a metall!c

sheath and an outer layer of insulation. Coaxial cable has two

.ronerties which make it desirable in wired transmission systems!

1) It has a nominal bandwidth of 300 MHz; that is, enough to carry

fifty, six -'Ui: bandwidth television channels, 2) It is non-radiating,

meaning that signals sent along a coaxial cable are contained on the

cable and not radiated into space. This prevents interference to

external signals.

There are two types of TICCIT systems under development: a system

f ^7! the delivery of educational services within institutions (e.g., a1

electronic study center for a junior college), and a system for the

J.elivery interactive TV, including computer-aided instruction (CA'

into the home.

The TICCIT system for institutional use (29) has 128 terminals,

consisting of a color television screen, a full keyboard for

interaction with the system, headphones for audio nrwramming, and

tal vi,!eo refresh memory (VT.!). Programming Ls selected by 271tcr-

action with the system computer and can include video tapes each

terminal can show video tapes up to 8% of the tire), hic,h-felitv (:

system includes random access audio storage with five hour

city), corputor generated graphics (graphic displays arc made up e'

line seynents upon a :On 5y 273f.:) line grid), and computer generate,:

alphanumerics (up to seventeen lines of forty-one characters in sev,
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Visual programming is to contain at least 92% still frames (i.e..

alphanumeric or graphic displays containing no motion); these still

frames could be displayed by the system several ways. First, as is

done on broadcast television, the still frame could he repeatedly

transmitted to the terminal for display. This would tie up S MH: of

cable bandwidth for each terminal in use and require separate line and

character generators for each terminal. 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 is 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 he 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 between

the pressing of a key and the display of the character on the terminal

screen, is 0.2 second. The courseware (computer control program) res-

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 use for educational purposes, to bring interactive

television into the home requires a services pakagr: attractive ,:rouh

that viewers would subscribe to it. Mitre is developing an experimenta

TICCIT system to deliver interactive services into the home through

cable TV. In addition to educational services, the system could. pct

as an information source, carrying employment and available social
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Table 10. Costs of an Institutional TICCIT System* (29, 30)

A. Courseware**

B. Staff and Spare Parts Replenishment

C. Hardware

Main Processor (with 48 K core)

Terminal Processor
Card Reader
Line Printer
Magnetic Tape Unit
Moving Head Disc Control (2)

Moving Head Disc Drives (3)t **

Fixed Head Disc Control (2)
Fixed Head Disc Drives (1)

CRT Terminal
Computer-to-Computer Link
Character Generator
Keyboard Interface
Vector Generator
:ludic Response Units (20)
Audio Response Control & Switching

TV Sets (color) (128)
.eyboards (128)
Digital MOS Refresh Memories,

Saturated Color, No Gray Scale (128)

Signal Processing Amplifiers (128)

Video Tape Players (20)
Refresh Control Electronics
TV Modifications

Total

D. Original Test Equipment and Spare Parts

E. Estimated Cost Per Courseware Student Hour

$375,000/full semester

20,000/year

33,000
20,000
4,000
18,000
10,000
17,000
36,000
7,000
5,000
3,000
2,500
7,000
5,000
11,000
60,000
10,000
38,400
19,200

112,000
32,000
i6,000
10,000
25,600

$501,700

$20,000

$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 ".titre publications give different figures. In

these cases, cost figures fror Ref. 30 were used.

**This figure is the development cost of a full semester CAI cf7urse;

were the system to be mass produced, standard courses coule r2

he rented or purchased more cheaply from the supplier.

***Of the three discs used by the basic system, one is used for syst,,m,

record-keeping, while the other two hold two semesters of coursewarc

each. Should additional coursework capacity be desired, discs c;i1

he added to the system. Discs cost $12,000.00 each.
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services information, reviews of political candidates, instructions for

income tax preparation, etc. It would also allow personal record

keeping and automatic reading of utility 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 and

keep 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 CATV

systems.

For 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

on a cable are limited. In addition, the interactive services must

share the available channels with standard broadcast programming. In

the tree configuration, because all customers are connected to the

system's hoadend through the single trunk cable, the few chrnne7s

available for interactive services must he shared by all of the inter-

active subscribers. This generally limits interactive services on

tree-type networks to polling of on/off switches and similar low

data-rate services.
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Trunk Cable

elgure 1 The Tree Corflgurutlr,n For C!itac



To make available to interactive users the full bandwidth

needed for 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 system distributes all broadcast pro-

gramming over the supertrunk to each huh within the system. At each

hub, the cable network is further hr-ken up into cells; each cell can

be thought of as a small independent, tree-type cable system. The huh

distributes the common broadcast programming to each of the cells; in

addition, the hub contains a complete TICCIT computer system which

supplies 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 o. .hared among all of the

system's subscribers in the "tree" cable configuration, each cell of

th:-. hub-configuration cable system has its own set of interactive

channels. in this way, the number of subscribers being serviced by

-iet of interactive channels in the hub-confieured cable system is

reduced by a factor equal to the total number of cells within the

cable system.

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,

TICCIT users are not required to have individual frame grabbers in

their homes, which would greatly increase user costs. instead, they

can share frame grabbers by sharing the available interactive clip.7:nel!.:.

ni5 sharing can cause problems, however, if too many users are

assigned per cell, as excessive waiting lines for TICCIT services wi:

develrm.
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Notes Most of the TICVIT cells,
repeaters, and subscribers° homes
have been omitted for clarity.
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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 receive "busy signals" too often and will have to wait excessively

long before interactive service becomes avai:able. This problem should

be avoided; it detracts from the interactive system's main advantage

over conventional information sources, instantaneous responses.

Similarly, 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 proposed 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 implemented

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 terminal'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 queueing 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

Ta, 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 like:y to he

clustered rather than evenly distributed throughout the day. It is

anticipated that there will be relatively few service requests duriny

the morning and the afternoon, as many of the potential system users

will be away from home because of jobs or school. During this period,

the system will be relatively underutilized, and the probability of

a user having to wait before receiving interactive services will be

lower than average. Similarly, there should be a greater than average

number of service requests during the evening, when most of the

system's potential users will be at home. During this period, the

probability of a user having to wait before receiving interactive

services will be greater than average.

2) 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 use 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 the

mean fraction of time each terminal will 'ISQ interactive service.*

For example, should each interactive terminal

T T
a w
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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.* Given X and Y, the service

ratio 2 can be defined as

ay. time terminal idle 1 - X Y

av-.. time terminal serviced X

Denote by PK the probability that K terminals are being serviced or

are waiting for service. For l < K < 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 K N terminals are waiting

for service. If K = 0, no users have requested service and all of

the irteractive channels are idle.

Using queueing theory techniques, (32) the difference equations

governing the PK's have been found to be

M-K (1
T\741.- f) PK for 0 < K < N

K+1
) PK for N < K < M

With these equations, expressions for PI thru Pm in terms of Po can be

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

law

Po + E
K=,

* y = T
w

T + T + 15 a w

PK = 1.



Given Ply, the values of P
1
through P can then be determined.

L
w' the mean length of the tz,qvice queue, can be calculated from

the values of P
K

by the relationship

Lw = (K N) PK

K = N

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

becomes available can be calculated as

N-I

Prob (System Busy) = PK = 1 - PK (by the total probabi-
lity rule)K=N K.0

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 Pu through Pq to be determined. Given

these values, L
w, the mean length of the service queue can be determined,

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

Y' 2 L
w
/M*.

*from queueing theory, (32) Tw
L
w

(T
a Ts)

M- L
w

To convert this into an equation containing X and Y, normalize Tw

Ts 4 Ta = 1. Then T = X, T
w

Y, and Ta = I X - Y. Substituting,

Y

Y

LW ((1 - X Y') X)

- Lw

Lw
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This new value for the waiting factor, Y', is then compared with

Y, the value of the waiting factor used in the computations. if

< .01Y, Y is considered an acceptal,le estimate of the woitine

factor and the queueing parameters computed with the waiting factor v

are ,asei. If 'Y Y'', .0IY, however, Y' is substituted for in thy

equations and the queueing parameters are recomputed. This iteration

continues until a value of Y such that. 'Y < .01Y is found.

figures 4 and S illustrate the effect of overutilization of the

shared service facility upon the probability that users must wait

before receiving interactive services. In Figure 4, the number of

TrccIT 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 seen 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-

,:tant; increasing the number of terminals per cell 11.4%, from 202 to

223 terminals per cell, increases the probability of a user having to

wait before receiving interactive services from 0.10 to 0.20, a 100'6

increase. Further increases in the number of terminals serviced per

cell cause the probability of having to wait for interactive services

to increase even more sharply. Figure 5 shows that similar results can

he caused by increasing the per-terminal load factor excessively; this

could happen, for example, if system designers did not anticipate tl,e

user demand resulting from a particularly attractive services package.

in the proposed TICCIT system for Stockton, California, 1000

terminals will he distributed among the six cells of the system, eiv;ne

as nominal terminal density of 1f7 terminals per cell. The waiting
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Figure 5. Waiting Parameters For TICCIT System
Versus P4r Terminal Load Factor

(15 channels per cell,
300 terminals per cell)
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parameters for this terminal density are illustrated in Figure 6. It

can be seen that given a terminal lead factor of 0.05 (i.e., each

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

receiving interactive services; the mean length of the service queue

will be 0.26, implying that the mean percentage of time users will

spend »ait ini for interactive service- equals .016%*, a nominal wait

for service which is unlikely to greatly disturb 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 9.30; 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 requests 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 services to have individual video refresh

memories their homes. Since the TICCIT system would then only need

send each still frame once to these VRM - equipped TICCIT subscribers,

each VRM eauipped TICCIT subscriber would require use of the interactive

33 discussed previously,

L

Y
.026

167 0.00016

**Digital MOS Storage, Saturated Color, no Croy Scale.
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channel only occasionally for a fraction of a second while receiving

service; this 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 in the future, if TICCIT services become highly accepted and the

price of VRM's is reduced, TICCIT systems will be changed from the pro-

posed centrally refreshed topology* to a combination central refresh/

individual refresh topology. This could be augmented by reserving

several of the interactive channels 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 huh 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 the equipment costs for the pro-

posed TICCIT system. It should be noted that the prorated cost of the

system hardware is about $1100.00 per home terminal, exclusive of user-

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-

tion has developed an economic model of the TICCIT system calcd TC.`,7Fv.**

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

**interactive Cable Economic Evnluatior \lode!. (28)
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Table 11. System Equipment Costs

(19'74)

(31)

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
1.IMIwwl/MINIIMINI.

Total $1,147,485

'Equipment is used to establish a telephone data link from the Stockton
TICCIT system to the Mitre Corporation's headquarters in Virginia.



-61-

In the model, physical characteristics of the cable system, such as

required length of cable needed to he laid above- and below-ground,

number of .headends and cells, etc., and system penetration characteris-

tics for both non-interactive and TICCIT services are specified as

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

cost to be financed by loans to the system 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 suitaLle profit.

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 yearly return on equity.

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

Average Penetration Monthly Service Fee**

30.62%
61.23%

For TICCIT ' teractive services:

$9.33
$5.78

Average Penetration onthly Service Fee**

19.14%
38.27O:

524.23
519.51

*System penetration refers to the percentage of households rotertially
able to he serviced by the cable system who actually sf.'scri'le.

**Recently, the prime interest rate has been as high as 12 :/4%, while
inflation has been 10.7% fol the latest 1.2 month period, (33) rather
than the 3% yearly inflation presumed in the model. Thus, the SOTViCC
fees derived by the economic model are conservative.
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Thus, assuming that each terminal receives one-half hour of

TICCIT services daily, TICCIT services may cost the user as little as

$1.30 per hour.

4.1.2 Picturephon (E)

Another approach which could be used for interactive educational

television is the Bell System's PicturephoneG. By reducing the number

of picture elements* per frame (251 lines per frame with 211 picture

elements per line (34)), each PicturephoneOchannel employs kiarke--,

MHz bandwidth rather than 4.6 M41: 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

display, self-contained camera, and concealed speaker. (35) Attached

to the unit by a cable is a standard Touchtone(Dtelephone 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 opera-

tor to adjust his camera field of view, and a privacy selector disalAes

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 17.5 x 16 inches. (33) The field-of-view

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

*Fora discussion of video resolution, bandwidth, and picture elerent
(pels), see Appendix A.1.

**This is accomplished by varying the portion of the camera's vidicee

tube which is scanned. For wide-angle viewing, the entire vi&con "7'1--

get is scanned; for "normal" field of view, only a portion of t..c vCi-

con's target is scanned. This method of varying the fiele-off'--

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

feature is important in business applications, so most Picturephones®

in use today have been modified to provide better resolution*). (37)

Interaction is accomplished through the use of the twelve button

Touchtone pad on the telephone or on an optional full keyboard

available from Bell Telephone for computer interaction. To make a

Picturephone0 call the # key 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

MHz signal over ordinary twisted pairs is difficult, requiring twisted

nairs 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

so, at distances over six miles, noise becomes a major problem in the

higher frequencies. (34)

To combat noise, within a six mile radius each Picturephoneesignal

must enter a switching center. Here, signals to Picturephones0 within

the six mile radiuS local area are routed appropriately in analog form,

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

*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. It cannot, however, transmit or receive
real-time video.
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into a 6.3 'chit /sec series of pulses. To accomplish this encoding,

the one MIi_ 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. Each 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 converted 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, log, n

bits 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 log, 8 = 6 Mbit/sec. This repre-

sentation of a signal by binary pulses is called pulse code modulation

(PCM).

The PCM signal can he 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 received 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

PicturephoneGsignal is to be sent outside its local area, it remains

in digital form until within six miles of the receiving unit, wherQ it

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 greyness from pelt to pel, and the signal representing

the difference in greyness from pel to pel tends to have smaller values

than the Picturephonee signal itself. Because of this, the signal that

is digitally encoded for long distance transmission by PieturephoneG)

is this difference signal; the representation of an analog signal by

digital hits 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 Picturenhone 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, Picturephoneservice is available only in Chicago

and Pittsburgh. In Chicago, where prices are low to promote subscrip-

tion to PicturephoneOservice, there is a monthly charge of $75.00

per month covering only local and intercom (i.e. intra-office) use.

The Picturephoneamay be used for local calls up to thirty minutes

*Picture element; see Appendix A.1

**That is, signal groups do not have to be unnecessarily repeated. or
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 DPCM, however, the uniform grey
shade would be transmitted as one three -hit code representing the
difference between the shade of the previous pel and fifth quantizatici
level grey; the remaining codes would all he zeros, corresponding to r)
change in shade from pei to pel. This represents a large reduction in
the amount of video information the channel must carry.



Table 12. Picturephone®Hardware 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 pant transmission

capacity required per PicturephoneWunit.



per month with no additional charge; after that, billing rates are

$.15 per minute. (38)

Rates for Picturephonee service in Pittsburgh are double those

of Chicago, and are said to be equivalent to those Bell Telephone

would charge were Picturephone 0 in wide use. (38) Thus, were

Picturephone to be used for interactive educational television ser-

vices one-half hour per day, thirty days per month, monthly service

charges would be $411.00 for the Picturephone OD 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 (D service.

We have seen that given the present system configuration, Picturephone

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 0 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)

4.2.1 The PLATO System

Unlike the TICCIT system for CAI, which uses small computers and

television terminals to provide instruction for local users, the

University of Illinois' PLATO system ,mploys a large central computer

and innovative display technology to provide versatile computer-aided

instruction to large numbers of terminals. By sharing syster costs

among A large number of users (up to 40()() terminals), and by utilizing
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the versatility of the large scale computer, the designers hope to

offer high quality instruction at costs equivalent to those of elemen

tare education, typically 3S -7O per hour. (3P)

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 courseware 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; this 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 a 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 the

TICCIT CAI system, because the 128 terminals that the TICCIT computer

supports must he located close to the TICCIT computer (29); a school

district wishing to experiment with TICCIT CAI would have to purchase

or rent a complete TICCIT system if a system with unused capacity wa.,,

not available in an adjoining school district. PLATO's 4000 termit11

capacity, however, r'auired that the system he able to service ter-

minals located at great distances from the system's computer; o `-.her

a user-base capable of supporting a 4000-terminal system might not

available. Therefore, PLATO CAI terminals can be had for the cost of

terminal , p1.15 the cost of the transmission line(s) to the cd,:mt.r7

PLATO computer and the incremental cost of running the system. Th
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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, educators who have not had any

prior computer programming experience can write their own courseware.

Unlike the TICCIT system, 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.

4.2.1.1. The Central Computer Facilities

In order to determine the best ways to use computers in education,

three successive and increasingly flexible systems (PLATO I, TI, and

III) were designed and built at the University of Illinois. As a res!:lt

of experience with these previous systems, the specifications of the

central computing facility for the 1000 terminal pLATO TV system were

developed. It was found that to service 4000 terminals so that no

student experiences noticeable delay reouires that the central computer

have two million words of extended core memory and 64K to 12BK of

high ,peed memory in the central processing unit, have an ex,.ctitior

time of four instructions per microsecond, and be capable of transri**-7

*The language's authors claim users can write parts of useful lessens
after a ot;e-hour introductHn to TI,rrp. '40)



dat,1 were i!icernorated the specifications of the central

computer facility for PLATO R.

Sevt.sra 1 commerc i a 1 av le larc computers can perform about

4 x 1O instructions per second. Thus, even if the number of computer

instructions per student per icCond were increased to 2000, these large

scale require e an a ,'e process 1.11V, t inc of only SOO ..!see/

ro,;liest. insure `alit !;v "1 re. ;.,one time, a safety factor of two

`.`us the system c 111 ,1CCept 1000 requests per second. The

saftv factor of two implies the comnuter will he idle 50% of the time

the averlize; such time can he Used for batch processing,* reducing

intr3ctive user costs.

t'rom tae systerl indicated an average request rate

)t one req'..lest per four second,.: per terminal. (11) Thus, the central

_.71 -ery ice 40m) t ermiTia Is al low ing an average of I mill 1 -

"r cord of computer execution time per request.

The -xnected F(w), that elapses before the computer

sere 'r' will Accept a ,,iven student's request is given

tllOorV (II) to he

whorf.... tite(1-c 0.2 request/sec * 4000 terminalsre..fti,..st. rate = terminal

1.0 requests/sec

execut on t ime standard deviation
-6

.7,11 ;';vc

4\01, f'`nrac iv c u ter require the user
.r' gran -F'yr !hv ':0777)er oTri`n.,r !:'.) ran when yom7uter "t i!"0"

17:1i:Jt1:0 tHe 1 :4 ntherwio id!e).
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F(t) = execution time expected value

= 500 L.:sec /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) = exp (-w(1-;1/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 the request

queue building up or of noticeable delay in processing student requests

In previous usage of the PLATO III system, each student has needed

to ')e assigned 300 words of dedicated extended core memory, although

the various teaching strategies used had required up to 600 words to he

assigned per student. Allowing an average of 500 words per student,

4000 terminals would require the central computer to have two million

sixty-bit) words of extended 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.

.*,3 (-100) = 1.g6 x 10
-44

.



:)ata from PLATO 114 4 4inUICitt.',! pOrCOnt o' the coloputyr

Instructions used in oroces,in tudent requests referred to the

words of dedicated student torAc. T'l,icefore, the central comrut

capable of quickly trahsforrini: data between the slower

extended core storage and hi,:jt-socc0 core memory.. Such a transfer can

Jnne hv some existiiis com; or; it ;1 rate of 10' words per

second the data cou1d transferred between memories

small enough t i%oid e!,iectionable delay.

To allow for storage of lessons 11., to 2k words per lesson) and

for the L irious teaching strate6es, the central processing unit of

the com..)uter should sufficientIv large (6Sk to 1.28k words). Th,

Va'N (107A rate from the computer to each terminal is limited to 1200

rvr this allows data transfer to the terminal to he

ACC177,:: over telephone lines.

To ,t-vice 4000 terninals, data would have to he buffered out of

the computer at a maximum rate of 4.8 million bits per second, which

IA the .,resent state of the art. ! ll)

r'TAT0 !Vsyst_t_,--, as :t c,Irrent lv exists at the University o).

only :0 ":(7) 5 T' 701'112t 1900 ternminal s , rather than

-:nfl, the !y;,c::e] to service. There are two

For this; both reasons :ire recited to the use character?s*;

t;)0 -r de olonmvnt:il experience

had indicated that CACh terminal ..nould be assigned an averave of 7,(4

ere -.t.. or!

.f.torazo wou1J.

t !, i l Hein t..orti. ,'n'

ion, to ,;orve 4000 torminAl.

7,0fl word,. .:)f , terminal, however, J suried

rm : 'Ai:pi I i)f thirtv-twc, l; (.77"i r

o'N



data at 4.8 million bits pet. second. Several existing computers

(e.g. the CDC Cyber 70 in use in the present PLATO IV system)* meet

these requirements (41).

From the experimental data from the PLATO III system, it was found

that the rate of computer instructions used in processing the student's

requests (i.e, the number of instruction 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 average) , but the processing of

each request is rather simple.

In more complex teaching strategies, however, the student must

do more thinking and planning between requests, while the system has

to execute,more instructions to process each request. The resulting

product of computer instructions needed to process each request times

the number of requests per second remains nearly constant at about

300-300 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

riemory space. Output rates from the ,computer for each student terrinn:

ran at approximately ten alphanumeric characters/sec. (or 6) its/sec,

but peak transmission demands required rates of at least 1200 bits/sec.

Input rates to the computer per terminal were between two and five

bits/sec., but required a peak rate of 60 hits/sec. These and otlier

*ack Stifle, personal conversation, !.,:eptember, 1974.



Troup of thirty-two terminals would form a CAI classroom in which all

of the students asing the terminals would study the same courseware.

Because at least thirty-two terminals would he using the same course-

ware simultaneously, the amount of VCS needed to store the courseware

.. would he divided among the thirty-two terminals, reducing the amount

ECS US0';.: to store coureew:ir per student by a factor of thirty-two.

The terminals of the nresent porn !\,. system, however, are mostle,

distributed as single terminals or in eroups of two or four, and

generally the terminals within a group are used independently of each

ether: each 'erminal is used to study different courseware. Because

of this, an aerage of 2000 words of ECS is required per terminal.*

Thus, ':we mi:lion words of fa:-; can service only wea terminals.

Were this the only prohlee caused by the present system's use

character sties, 4000 terminals could be serviced if an additional six

million words of !CS were added to the system. Because of the smaller

groupings of terrinals, however, more courseware authoring per terminal

thae was letie Feted oecerej. :,('C:111;0 authoring requires five

times the number of ,,:omoutcr operations per second that studying

exiseine courseware at a terminal does*, the central computer facility

of the resent PLATO TV system will be fully utilized during the day

''')33(1 terminals, rather ''il" ri fty-oercent utilized darire the day.

Atte-tH: to add more terminals to the sytem

would result in unaccTlte)!Y long system response times.

7.urrlarh:ine. due to the user characteristics of the nreFeent

PLATO IV system having placed u heavier than anticipated load upon

personal conversa*ien, 7-zeptember, l271.
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the system'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 forbatch'processing during the day,

while seventy-five percent of the system's computing capacity is

available for batch processing during the night.

4.2.1.2 The PLATO Student Terminal
..4 .e

Unlike the TICCIT system, whose 128 terminal capacity limits

service to local aprications, PLATO IV, with its 4000 terminal capa-

city must he able to service terminals over large areas; otherwise its

capacity, should service be limited to local terminals, could he

utilied 'ally in urban areas. To avoid the necessity of laying

regional coaxial cable networks to service PLATO terminals, the data

rates from the computer to each terminal have been limited to 1200

hits per second; this allows data distrihution to be done over

voice-,:ra: telephone line s.

This low data rate, however, would oreatly limit the versatility

of c.oursewa:e that could he presented over the PLATO terminal if

convent visual display technioue.; were used. To avoid this,

several innovative audio-visual devices for the student terminals

were 1eveloTL1 at the 'iniversity of Illinois. Comnuter-generated

di rlayi are presented on a rlasma display panel, a device

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

tially irlexnensive fabrication. This new device consists of two ..i'e..ets

of glass separated by a layer of ionized gas. Rows of transparent

electrodes are deposited on the outside of each class pane! , with the

electrodes on one panel perpendicular *o the electrodes on other

oanel, providing at each apparent intersection a noint that can he



so I t : i v I luminat ed. Onco t o,?, each point roma i its i 1 liar

Itc,1 LWtt I t ext ingui shod ; olimi mit es the need for a vide

refresh memory at each terminal . !'urthormore, as each point in the

7)12. Y. 7,12 line display is selectively addressable, the display can he

modi fied without retransmit t the full display . These features o

the nlasma disolav nanel allow dvnanlc displaN,s at the low costs and

:ow data rat,...s 4 2N,

BOiA1,1S0 nlasma panel i transnarent, static photographic

onto a trancont lehind it can 'e surerimposed

jvnami: computer-unrtted This is accomrlished

:71,12,e t)roject . (33) The i

or random sele:tion of any imae fro- :1

col fi irn sheet with a

r ; t - 71.4.17,0 i F assigned coor-

c.,....)t-reso,mding to it z, 7rid column in the film plane. n -

7,r,outr,:!t IC Cy! r3der.- cor

. 2 .*:- 4.--; 17, SFi YC ' t (,,!1 .

'IT' :211 t! 7"..' .-V,v9(.1q1di y .

ti 1
: _ 4_ '; et) 7i1_1f! 0 PIC'S 0!":7' t: 0 re m,

a !".r.1.1":11: H.: 4: I ; T-yr ; 1%) er7) 1'; ';'!+' n

of 7,1-1.

4.

4,1:7'-'; r;... t rat:), e.,C

!' ; !-, , '".1;) T't ;711: ! r_n

7-1

t hen Tno...mted 'win 1 r; 7" ! Vi,q1 7 .rn t ahlo o )4"o1
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audio to he recorded upon each disc, any portion of which may be

selected with a worst-case access time of 0.4 seconds. (See Appendix

A.2 for details).

Each PLATO IV student terminal consists of a plasma panel with

random-access image selector, a key- hoard, and a controller whose

outputs can control the random-access audio system or other hardware.

These terminals should be able to be produced within the cost limits

of $1500 to $3000 each, depending upon quantities produced and optional

accessories provided. (44) Tt should be noted that current production

costs amount to $5300 per student terminal.

Communications Network

As Was mentioned previously, the peak data rate to a PLATO student

terminal been limited to 1200 hits per second; this allows the use

of voice-grade (3 lalz) telephone lines to transfer data to and from-the

central computer facility. The interstate tariffs for leasing these

yDice-grade lines vary with location, but can be considered to be

approximately $1.50/mile/month. (15) The communications costs of

using these lines for a system the size of PLATO over the long distances

which. might be needed to get enough w,ers to fully utilize PLATWA .4000

terminal capacity in some areas might be prohibitive. For example,

assuming a student terminal 100 miles from the central computing foci-

lity received data via voice-rarle telephone line, this would cost

$450.00 per month or $2.81 per student contact hour,* a figure almost

an order of magnitude above the target cost per student cont:iet kottr.

In areas where the service is available, an attractive alternative

to voice-grade telephone li.ne4 is the use of cable television (CATV)

*Assuming 16n student contact h,.:)iirs per terminl per 7onth.
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to distribute the dita from the central cori.poter. arranging the

outgoing data in a prescribed format. A single CATV channel could

carry data fro.,A up to I0°-, student terminals, enough to provide CAI

services for entire meti. ,,olitan areas. me communications channel

letween the PLATO computer and t io C\T\ system's headend could cons,,'

of either dedicated cable or microwave.*

Aitving data from the PIM) central computer is formed into it

signal which is compatible with standard broadcast television equipment;

this allow.; CAI'V onerators to distrihute !TATO signals without special

equirment. :roadcast television si,,,,nals in the United States consist

of thirty fr,ames per second, cach Frame containing S25 lines. To

reducc vial flicker, each frame divided into two fiell; of 262 1/2

,..c with sixty field.; l)cing tran,;mitte0 nor secon0,. qf the

2!): 1 lincs ocr field, the vertical hlanl,inv. iateryal (the interv%l

duriiu cathode ray t!The's electron 1)cam returns from the

t I t.-;.; I 71(' +

of 1/2 lines nor field to he inc(' f'or video, or

.f CAL, linary data transmission.

ai. v! dos o':`':1 of tbe 21..) linos 4.,.(1.r 0:4t:.3

int, euull 1,ins of 6.3';

ryt1

(-rich. (4S) The firs, 14, hip

A ,11 yd for lorizontal svochronin and hlaA:ng ",:t±

"1111in.: ,.;.;

.;t..(';`, ;Ir Ht.; r ;1,1,%,,f r TTi:elrity 04

distanc.o would he covero'. 7-Acrowave point to point norma'

'y ca'!1!,. ryoerator to hr.ng ,list'ant to tn
,t, 1

;1''''''. nA,Vf.! R r71,1X1,1';- i ,'..7.T.; './.. .; r '7-.: i :,-,, :,.. 1;

..-...) i ,,.?. !I i 1 ;..1:1,.. i.: T.. ', ,' I i;,. .11-,,L1,1.- `' "f ': l' 'r ..!!

6 .....,rn /7 i.) ,...-,7...,,,.,r r ,,. -.. Yl.f.., Yn,..,
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line each contain a bit of dieital information, giving a data rate of

1.2096 x 10
6

bits per second. * "ihus 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 synchroni:ation and blanking signals.

These are formed into a composite baseband signal which is RF modulated

onto a carrier for the proper television channel and distributed over

the cable television system.

Each PLATO CAI classroom receives the appropriate data from the

cable, through a PLATO IV site controller, which can service up to 32

terminals. (47) The receiver contained within the Site Controller,

after extracting the data, converts it to audio frequency shift

keying (AFSK, a form of modulation which represents binary zeros and

ones 'pv fferent audio frequency tones) for transmission over

ordinary voice grade telephone lines to individual terminals. ELch

;:te _,ontreller also contains 2kiuinment to combine the return keyset

in for up to 32 terminals onto a single voice-grade line for

transmiion hack to the computer center.

It flld se =em reasonable. t.h...!t if.:t is more expensive to dis-

tribute data from te computer to the PLATO student terminals by CATV

rither than single telenhone lines, te -::ame should he true for

te data returning from the student terminals to the central computer

facility. This approach is impractical'for several reasons.

The maority of CATV systems in existence today arc of a un i -

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

60 fields 240 lines S4_

,, ^wool x Neld Line
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signal' loss in the system amplify only 'in one direction,- most CATV

systems could not provide a return signal path. The economy of using

CATV systems for data distribution is contingent upon using existing

facilities whose expense is shared by other users.

For CATV to be cost-effective in transmitting CAI data in the

PLATO system requir:s the television channel bandwidth to be shared

among many terminals. This would requi!e 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 responses

from the terminals occur at random times, which can overlap and inter-

fere with each other unless they are first stored and rearranged in a

prescribed, non-overlapping order. To 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 he pre-

sently done over long distances by voice-grade telPhone lines.

To service individual remotely located student terminals, a

receiver unit identical to the receiver used in a Site Controller is

placed at a convenient location along the CATV cable. (47) Data is

transmitted from the receiver. to each of up to 32 rempte terminals

individual voice grade telephone lines, ind another voice grade line

carries ;..ey-;et information ')ac to the central computer facility fro*,1

each terminal.

The ultimate penetration of CATV percentage of the U.S. popula-

tion recei,ng CATV services) hal. !)Q1:,n estimate,.! li,etwn forty

sixty-six percent. (48) million,; of homes will then !)e wired over

utilize data from centralized sources, forming n re.dy-rlde market for

services like those offered t'e PLAT9 TV CA: fvFter.

$



4.2.1,4 costs of the PLATO 1V System

A large, general purpose computer thle to meet the requirements

of the PLATO IV system costs approximately 4.5 million dollars; 2.5

million dollars for the mainframe 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 programmng, is an additional million dollars. The

total, six million dollars, amortized over a period of five years,

yields a cost of 1.2 million dollars per year. (31)

Assumlmz that the 4000 terminals system will he fully utilized 8

hours per day, 300 days per year, there are ar oximately 10 million

student contact hours per year. Mus, the hardware costs of the system,

excludin;, terminals, are 12t per student contact hour.* If PLATO's

equ:.pment costs are to he made ccmparahle to that of an elementary

school's classroom, per stu?.ent contact hour, the terminal costs

-2ust -tro Imited to 1St per student contact hour, or $1800 ner terminal

amortized over five years. Present indications are that this terminal

.,:ost, for a terminal consistinc: oc a plasma panel ,,ith driver, a kcyset

and rendom-access slide selector, will ,he difficult to meet. An

'..stimate for th.,. cost of Pi,ATO termina1,; produced today, even in lots

:wjC, was 37,300."

PLAT) IV's ef.;uipme,t co to he i iTH, ed to 27 per student

contact the assumption that the system would he fully utilizee.

Ho!ir..-; per day, 300 days year wa,-, nade, (1 1) Vie va!iditv of

*If the ;ystem can only servce 1000 terminals, as discussed pre-

viously, the hardware cost for thn system excludinv, terminal' -,

per Ftudent cant lc.`

"Jack :-;tifle, personal conv,,rsa,Hon. cieptemher :074.



assumption can be challenged in several ways. First, queuing theory

dictates that any unscheduled system will seldom be fully utilized due

to the excessive waiting time for service (in this case, access to a

PLATO terminal) that users would experience in a fully utilized system.

By specifying that CAI use would he scheduled, this objection can be

countered, but such scheduling would limit one of CAI's principal

advantages - the ability to instruct individually at any time.

F .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 course-

ware might have less mass appeal tha' courseware in the traditional

subjects, its effect on cost per student contact hour shouldbe

considered.

Alpert and Skaperdas (41) compute the cost of courseware for

PLATO IV in the following way: experience on the previous PLATO

systems has sho:vn that preparing a good CAI course is roughly equivalent

in effort to preparing a good textbook, for which most authors receive

a 10-15% royalty rate yielding them approximately 800 per student.

Thus, assuming a cost of $1.20 for royalties, reproduction, and dis-

tribution, courseware for a forty-hour class adds :;t to the system

cost pc' student contact hour. Simenson and Renshaw (49), on the other
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°hand, state that estimates of instructor preparation time per hour of

CAI courseware range from 40 to .00 hours preparation time per hour

courseware for various CAI systems, wit:i an average cost of $1000 per

hour courseware. If this developmental courseware cost estimate is

accented, 33,000 students must use the courseware before the cost per

student contact hour for courseware is reduced to three cents. The

implications for courseware is non-traditional specialized subjects art..

obvious, and are strengthened hy the foot that courseware written for

one CAI system generally cannot 5v trunferred to another type of CAI

system without extensive recoding and debugging. (49)

The data distribution cost..-; for a system the size of' the PLATO IV

Are highly dependent upon the population density of the regions receiv-

ing CAI services. To service v.vtropolitan areas already wired for

CA7%, the ATV system could serve as distribution network within

the eity; i leised or dedicated microwave channel would he required to

data 5 2 t , 2 e n e l t \'-tr not itan areas not hired for

migY: ...1-;e a UHF televisin .'-.hAnnel for locJ1 data distribution;

either (lea From ter-,Ina! :11 cities distant from the

PLITD o.orrnuter would he colleteJ in - city via telephone !ines,

vien aNparaliel-to-serial transfolation ')y a mini-computer, and sent

!.) the P'.,AT) computer via another channel .

140 --ri5ute PLATO CAT t() areas of low populat i Ti

den3it.,-, a communications satell:te channol might he used for data

d :;tri'.1ution: low cost ground ter7linal,; w0-5 :rovisions 4or !-he retur,-,

transmision of terrinal dam would provide CA! services to owns wit-

iii t.'1iw .--,uTVc,2. area, Becau.i

for c-1.i ;' -)n of t'LIVT'n !lilt
.

r)T) t ; on



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.
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S. LIBRARY AND DOCUMENT TRANSMISSION SERVICES

This section will deal with techniques used to transmit documents

over a communications network: facsimile ("fax") and slow scan tele-

vision (SSTV). Several existing systems permitting the remote 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 snaring and electronic distribution of materials. Interactive

communications networks would allow easy access to materials contained

in remote libraries, permitting individual libraries to reduce the

amount of seldom-used materials stored locally by increasing reliance

on 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,

electronic distribution techniques would permit widespread use of

microfilm storage of library materials, resulting in a great reduction

of needed storage space and a savings of some of the money presently

-;pent in handling materials (e.g., staff salaries for restacking hooks,

keeping user records, etc.).

Library patrons could receive materials over interactive terminals

by slow-scan television (SSTV), with the option of orderinv, hard cr7if2s,

either full size or microform, from facsimile terminals. Moreover, at

remote terminals with memory, temporary electronic storage of library

materials would allow nighttime servicing ref reuuests for large amounts

Di: materials. This facility would increase the .ipn :rent capacity of the
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communications network. For example, an audio cassette recorder

modified to be controllable from the system's head-end could be remotely

activated during the night when the requested materials were available.

It would record the incoming SSTV signal on an audio cassette, and

would he remotely deactivated at the end of th? 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 32

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.1 for a discussion of

resolution).

5.1 FACSIMILE

Facsimile refers to any system capable of transferring alpha-

numerics or graphics by electro-optical means, generating hard (i.e.,

paper or microform) copy at the receiving location. Teletype and

similar systems employing keyboards and alphanumeric printers are not

included.

The principles of facsimile are muel-iike those of television, in. -

that the document to he transmitted is scanned opto-electronically, and

an analog :,Ignal waveform corresponding to areas of light and dark on

the document is generated. This waveform may then be transmitted over

a communications network to the receiving station, where a writing head,

carefully synchronized in speed and phase to the readinc head, recof-

strucs the original picture.

5.1.1 Facsimile Transmitters

The heart of the facsimile transmitter ic; the scanning head, ri

photo - sensitive' device which generates an e3ectric current proport;-)1111



to the amount of light striking it. Thus, when the scanning head,

equipped 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 !,aralIel lines across the document,

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

const ructed.

There are two types of devices which are primarily used in scanning

heads. (50) Jne, the electron nhotomultiplier tube, is constructed so

that light striking a target generates electrons. These electrons

are then directed through a series of dynodes, elements within the tube

which have the property of emitting more electrons than they receive

from the adjacent emitting elements. This property results in great

amplification of the original electron stream. Because of their great

sensitivity, photomultipliers are used when half-tone rendition (i.e.,

correct gray 1-1,1g) , in addition to black and white, is necessary. Th.'

photomultiplier tube has the disadvantages, however, of being relatively

expen3ive;, fragile, and requirin!, very high power supply voltages for

one rat ion.

For facsimile units which are to be used only for transmitting

alnhanamerizs and line drawings, as is the case for most busines

the half-!7,:e rendition capahilitios of the photomuitiplier are

unnecesiary. In these units, the scanning head often contains I photo -

transistor or photodiode, soliu-state devices which are nc;t ,;ensitivL.

enough to provide half-tone resolution, but arc inexpensive, rugged,

work with :ow supply voltaer,-;.

,
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Facsimlle transmitters lre classified according to the method by

which sca::htig is accomplished. Tn the revolving drum riethod of fac-

simile, the document to be .scanned is wrapped around a drum and secti,%..

by a clip running the width of the drum, i ll drum is glen revolved

Lt A i!': :Teed, Illohln A:Atving 1011 to ';:can linQ aercr-;.;

thc. allow the bead to -cln tho ..,411o!e document, the hoo0

,,ver *.he wb":* of the drtm, tbe head k

eI4,1a ,)nAry and revolvInp dr= s moved axially so the head

Ailoie document. illy A4enerated by the .,canninv, is

c 4 t.-.! fed into an apt)ror riit cat ioT ro11h'ork .

-to,r, the tem fcr Iles imi le, the docir%..it

t ) i; va'..:4t A slit which is scanned

-Y.a t:Ie reading head; that in the !'lit boo :y:tem line

T711-,:led by scannIng head movement whit!' in the drum

accomplished by drum rotation. The rain

s:717,!er operation than the reVoll.: dru7

7 VLs only to feed the docunt ;t In

th +11E. t.-csimile transmitter. Since the mochansm

thin of the unit , t.,ere are 91ainterance

1

,

it elt.1t damage. In lddi*i9n, tho rcsvolvin-

9f ti"V c1,0Ctr"e:It

,:,..mstrained, allowing odd-.4ized documcnis

a,
r,171,;-

; the Flat bed ;

:Thotuzwni, :%laced at the c_er*,.._.r of 1

!ach

, ; 01+ C'ro7r Pr) nt 9r1



STATIONARY
MIRROR

INSIDE TuRRET)

LIONT
SOURCE

SCAN
MOTOR

ROTATING LENS
TURRET

APERTURE

SCAN
\ LENS

PNOTOELECTRC
TRANSDUCER

PARR
DRIVE

Sefil MOTOR

ri.grUre . Document c;cannI7Ig "(-z:lani,:r", For the Flat Bed
System of 7' ac.,, :;()



photosensitive device. Line scanning 1; accomplished by rotating

the wheel at a constant rate; as the wheel rotates, each lens in turn

"sees" a point traversing a line of The document exposed through the

recording slit.

\' each lens system reaches tee end of the slit, it leaves the

view ef the photosensitive .c ". tee J11d is replaced by the next !ens

system on the wheel; in the meantime, the document has been drawn

forward so the next lens system -soo- a 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 each line, as is done

in a c t!-s,ode ray tube.

This signal resulting from optical scanning of the document, after

neing processed for best reception over the particular communications

network used (typically voice-grade telephone lines) and being trans-

mitted, :s reeelved by the fecseile rt :eiver and must be transformed

te hard ;opy before it is available ti the user. This task is accom-

plihed a writing head at the receiver scanning a piece of paper in

the same sequence as the transmitter scanned the original document.

-2Ne writing head marks on the saner whore the transmitted signal indi-

ates a dark area was being scanned. Some facsimile receivers include

,,witchahle inverter allowing either positive or negative images of

the original to he recorded at the receiver.) By this means, the entire

document reassembled at the receiving point.

For the received document to he of acceptable quality, the receive

must be ir correct time and nba e ,,yrichronization with the facsimile

trnai,.mittee. 7;()) Per example, 'f the receiver is operating at a Paste.

,:eeleeing rate than the transmitter, each subsequent line in the received



document be dsolaced hori:ontilly. In a reproduction of a

typewritten document, as each line of type will be reproduced by approx-

imately tour scan lines, the typed lines and individual letters will

he at best slanted: at worst, the received document will be illegible.

Phase synchronization refers to the receiver writing head's

r.-!lative position along the scan line with respect to the reading head

of the transmitter. For exawle, should the writing head he in the

middle of the scan line when the readino head is at the beginning of

the scan line. the reassembled document twuld have the original docu-

ment's margins in the middle of the sheet, the left portion of the

original on the right side of the received image, and the right

tortion of the original document on the left side of the reproduction.

To maintain time synchronization hetween units, each has a crystal

derived time base. The design exploits the crystal's property that it

wll stahlv at one cre,.!aney, which is determined by its

7hYsical dimensions. Ry putting matched crystals in the time base

of both the transmitter and th._ receiver, both have a standard from

A'hich the scan rate can be synthe;ized.

To accomplish phase synchrenizntion, the transmitter generally

sends out a series of pulses corresponding to the scanning of the martin

for a period of time before beg,inning the scanning of the document.

At the receiver, a system of brakes interrupts scanning until the

receiver is scanning the margin at the same time that the transmitter

is. At this point, the facsimile transmission begins.

3ecaw:e crystals are tem eratre !-;ensitive, the scanning rate

ivr-r and transmitter will nee:!'." exactly the same. Mr

normal length documents, while some drift, along with the corresponding



phase shift, will occur, it will be so small over the time required for

the document transmission (typically six minutes for a standard sized

page being facsimiled over a voice-grade telephone line) as to have

negligible effect. When a very 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 he 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 may he transmitted without

resynchronization.

7 1 Facsimile Recording Methods

The reassembly of the facsimile transmission has traditionally

been done by a modulated light bulb shining onto a piece of photo-

granic piper, requiring a darkroom and wet-process developing before

the image could he 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 paire'i with a

sheet of carbon paper, and a stylus strikes the papers wherever a dark

spot is indicated. If multiple copies are desired, several pages of

ordinary and carbon paper can 'le interlcafed. Advantages of this methoe

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

not deteriorate greatly with age, and the recording process and resultin!-

document,,-, are odorless. A disadvantage is that the received document

cannot he viewed until the carl'on paper is stripped from the document;



thus, it hard to detect and !i:.srrn!,t A faculty transmission.

Also, carbon paper deteriorates with age, so for best results fresh

carbon paper must be used.

In electrolytic recording, a damp, chemically impregnated paper

is drawn over a writing edge of,stlinloss steel; a writing electrode

scans the other side of the naoer and caus....s local darkening by passing

in electric current through the ,:a7, An advantage of this

method is that faulty transmission= mAy quickly terminated. The

paper, however, may have chemical odors, it deteriora os both on the

shelf Ind after recording and it ma damage documents 1-1ced adjacent

to it in a file.

In the electrosensitive method of recording, (51) a white surface

coating on the paper is locally destroyed by the passage of an electric

current flowing from the scanning sty: 1:s. This exposes the black

subsurface underneath, recording a black mark. The sTiecial paper used

is tx,)enstve, is damaged by pressure, and may emit objectionable fumes

dur:hg recording. An alternative involves using a film of aluminum for

the ;urface layer; current from the scanning stylus causes melting of

the aluminum, which then recedes because of surface tension revealing

the subsurface. This na'er is c.hean and is odorless in use, but

unconventional appearance may be objectionable in some cases.

electrostatic recording, a surface charge corresponiing to

dirk Area.; denosited on a special paper having a dielectric coating

w'ieb prevents dissipation of the .11..irfac,-t. charge. As the parer

ivances beyond the recording r,ssi.ion,

w"ih toner 7o der is f rl':t,2,1 to th narer lw the

deposited electrostatic charge. T"r1 papr is then passed over a

undervpes a development
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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 well in humid environments

where moisture might allow the s-urface :hare to be dissipated before

the image can be procesed.

5.1.3 Signal Modulation Methods

Before sending the facsimile from the transmitter's scanning,

head into the communications system (tyio:illy, voice grade telephone

lines), it must be processed for optimum reception by the facsimile

receiver. This is generally done in one of two ways.

The signal may be only amplified )t.,fore insertion in the communi-

cations network, resulting in an amplitude modulated (AM) signal. If

this is the case, before actual transmission begins, two pilot signals

are sent to tLe receiver. (50; These pilot signals are DC levels, one

with amplitude corresponding to the transmitter's white signal level,

the other the transmitter's black signal level, and are required

because unlike human speech, whose information depends mostly upon the

shape of the signal and little on the speech signal's amplitude (i.e.

if the amplitude of the signal is increased, it gets louder, but the

meaning stays the same), the facsimile signal's information is con-

tained both in its shape and its amplitude. The shape of the facsimile

signal tells where the original document changed shades, while the

instantaneous amplitude of thc amplitude modulated signal indicates the

sh.ding of the point being reproduced.

The two pilot signals are used to indicnte to the facsimile

receiver the levels which represent pure black and pure white, and 7.re

needed because a communication channel's attenuation generally is not
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centant with time, causing the receiver levels corresponding to black

and white differ between transmissions. This is especially true

for \M transmissions over switched communications networks, such as

the telephone network, where a different transmission circuit, with

resulting different pathlosses, .11 be likely to be used for each

trarsmis;ion. rius, for AM sinals, failure to recalibrate the fac-

simile reee:ver before each transmission could result in excessive loss

.:entrast in the received i*.age. r.,.ecalibrating before transmission

ivo.ds this :,reblem. However, recalibration cannot compensate for

tran-;m'ssion path los during the transmission of .4 fac-

'11, which can occur, for example, because of the switching

other lines in the telephone system external to the particular

televhone line being used.

avoid these problems, most Facsimile systems employ frequency

10,:u::ted t,:\!) ''or use w:th 1 NJ: bandwidth voice-grade tele-

nhore lines, for example, a 2.1 kHz t.erie will correspond to black, while

1.3 or 1.3 kHz will correspon to white. Similarly, shades of grey will

renresented tones whose free neneies lie between 2.1 and 1.5 kHz.

A.; theie freeuency rodulated ;ignals are little affected by changing

it the ealibratie eroble-e; 1:4..)ciated with amplitude-

.1.4,1A:4 are avoided.

Ii;* ri,7 cif available facsimile transceivers, along with their

sr ciF ard prices. n ir TaY.c. 13.

'-;LOW SCAN TELUISTON (sc7V) r;2)

Ap:;(..A'is in which eranhiei are !-0 he transmitted over :1

,70mmigilinn.; network but r :) ird 1 .e. r)ap,.:.r or microform) copy is

required, 7-;STV allo he used. iti trareimiiontecniques are



similar to facsimile's in that a still obiect is slowly scanned by a

television camera. resulting in a si;nal which may he transmitted over

a low-handwiL,611'ommunications system. Ili splay of the received signal

cin he acconnlihed 1w any disnlav with inherent memory. Two examples

of suitable displays are standard cithode ray tubes used in conjunction

with video-refresh memories and the t) alma display panel used in the

PLATO IV educational communications system.

Were .1 standard CRT to he used with a video refresh memory, the

';';T% signal would first he recorded the video refresh memory, and

then played ')1,7k repeatedly to the t7T as is done in the TICCIT systoT.

ne main difference is that while in TICCIT the frame is transmitted as

hig -handwidth signal lasting '/b0 of a second, in SSTV the frame is.

transmitted low bandwidth sinal which may take minutes to complete

te frame, a bandwidth vs. time tradeoff. (See Appendix A.1).

.lion to the digital refresh memory used in the TICCIT CAI

system, 'AI:oh costs $560 per unit and has no grey-scale capabilities.

'30; 31 = '.veril other forms of video refresh memories, notably silice

storage the and magnetic disos. might find application in SSTV

termiral;. 'S3 In the silicon .;toraze tube, a high intensity,

vm-lit..i-rnoduiatod electron helm .:sc,-hIt's the TV picture as a pattern

of oharg-s tic inning a nor-ct)n,lootiny "target." Once the picture 'las

been 1.;semb1ed, a low- intensity ,'Iretron boa can "read" the ph.ture

re)eat,-dly -;canning the target. In doing this, the nattc,rr nf

or the target interferes with the electron beam so that the current

from the electron hear arriving a! a ccnrting plate hehine tho ta

f'irt:on of the charge ra!tor7 or tArze .



the silicon storage tube are !12 041 cost,* relatively slow erase time

(typically five TV frames) (7.41, and ina!,ility to refresh color

displa,s. (30)

Magnetic disc recorders could he used in SSTV terminals.

apnli:ahle, the units wou1,1 have to he able to record the SSTV

siral at its several second trarlsmi!is'ion rate, and then play

the ,..omp:eto frame 1,ack repeatodl% At 1/:+0111 second intervals for

.lav .Jn A 'tindard V'1:le two-s;,eed unit presently i-

:Iit.lc :'2 offers a -.1.4net d!sc recorder for S2(00 per unt**

8hicn records a standard telev2s:on frame as a FM signal which

then 7,c. repeatedly played bA:k i7 Frame-grabber applications. 7,7.;1

T`ie !'1AS71.1 panel display, i,ith its inherent memory properties,

could he used in an SSTV ter7Hal in ',lace of a CRT and video-refresh

1,:!mory. To use the plasma panel, the SSTV signal would be sampled,

-1!71 old :)!!':n,: A point on the panel, turnin):.

it on .)1.. 7ff, depending upon whether light or dark shadine was indicated.

'1;1.7.;1il OnIV two-tone oraphics*; however,

more rwged than cathode "iv rind could be selectively erase..

Th aTlY C3SV, the required reslution of the display (and storage

capacity of the display's memory, %,nere applicable) will he determine

the main use to which the terminal will he put. ,:xperience

wIth mIT'i; Project Intrex (5 has indicated that for dispininv nage!.7

h$600 per unit in 1973. (.7.9)

"in ;ma:: ,ivantities.

`7xp,..r;71ortA conducted have '4',flwr "h11' 9ine:i
t "1 ti t three levels; '17,) prly oanel'., however, are c!;r-ynt:v

:7 1150 .



from technical journals for short-tern 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, mathotical fofmulas, 4:ootnotes, etc., limitivr

resolutions of at least 1000-line :%iivs per (2000 lines per frame)

are re4uired.*

Thus, an interactive system used .7 imarily as an "electronic card

catalog" having tho capability of allow,ng users to briefly read select

ed documents to determine their content !,efore ordering hard copies would

require displays having resolutions of enly 7,00-line pairs por page.

Because the display's resolutieh along both horizontal and vertica:

axes would be twice that of a ._,,zandard i_)roadcast-quality display's

resolution, the displays video refresh memory (VRM) , if used, would he

required to have four times the storage capacity for in the case of an

ir:11J4 memory such as a magnetic sc, Four time,; the bandwidth-tire

re-lording capacity) of a VT1 used to roQ.cnerate broadcast-quality francs.

Similarly, if the main use of the system was actual dissemination of

hrarY materials by SSTV, special displays having four times the

resolution and (where applicable %R".",; having sixteen times the storage

capacity of sirilar units used to t.,,nerat':. hroadcast-quality displays

would he required. This woulq he signicant when considering the

losiw,r of a system which would dely r both CAI and document-quality

sTV to remote tPrminals, as visTi! diplays VeAulte for CA! wo1!C

v,roily inadequate for SSTV display of library materials. High reso]ii-

tOn ":RT1.; are available, r(a7,) alon:, with !..eir associ ate.' hard.

*These correspond respectively to rnugh!y two ant! fourtimes the resoln-

tinn ,:tandard hroadcastal';
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are more complex and expensive than standard broadcast-quality CRT's.

Prototype plasma panels with an element density of 60 lines per inch

have been developed (57); thus, a SOO-line nairs per page display would

require a panel 16.67 inches by inches*, while a 1000-line pairs

per page display would require a 33.33 inches by 44.44 inches plasma

panel.*

3.3 APPLICATIONS OF FACSIMILE AN TELEVISION IN INTERACTIVE
LIBRARY SYSTEMS

As we discussed in the introduction to this section, present day

libraries have had to contend with rising prices and the increasing

amount 3f basic materials published each year which must be obtained

to maintain library standards. One possible solution to the problem of

providing better services might be to centralize library facilities,

with distribution of materials via a broadband educational communica-

tions network.

By storing library materials in microforrl, storage space require-

ments could be greatly decresed 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

:out ors .1k17aini..d by the user's answering of a series of questions allow-

ing the computer to select the material: r77:)st likely to contain specific

Information needed.

DLitrihi4tion of requested materials might 1)e done by SSTV, with

local electronic storage being provided at the interactive terminal

the form of audio cassette .c',7orders which were remotely controllable

*1.1 aspect ratio.

I
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from the library materials distribution center, allowing overnight dis-

tribution and storage of large volumes of materials. For one example,

the amount of storage available per cassette e.,tild he computed as

follows: The RCA Videovoice SSTV terminal set is capable of transmitt-

ine, a broadcast-quality SSTV frame (34) over voice-grade telephone

lines of 3 kHz nominal bandwidth in 55 seconds.* Assuming the inter-

active terminals were equippedwith cassette tape recorders having a

bandwidth of 15 kHz, a broadcast-quality SSTV frame could be trans-

mitted as a 15-k11: SSTV signal in 11 seconds. Thus, an audio cassette

having 5t2.5 feet of audio tape (10 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-

playing a page of textual material is roughly twice that of a broadcast

quality frame and requires four times the bandwidth-time storage

.:apacity, it would require 44 seconds of a 13 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

be required to transmit a high-resolution (having four times the

resolution 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 MHz frame in 1/30 sec.

Appendix A.1) .

** 1 frame * 60 seconds * 60 minutes 1 hour * 4 tracks 1309 frames

11 seconds minute hour track cassette cassette

*1300 broadcasting
luality frames

cassette

1 high resolution page
16 broadcast qua:ity

framen

81.25 high res. zages
cassette
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Because most interactive users would find the delay between frames

excessively. annoying,* the system must be modified to permit faster

retrieval of requested frames. Neglecting for a moment the time requir-

ed to retrieve subsequent frames for t ransmiss ion, it can be shown**

that to transmit a high-resolution page in one second requires a channel

ha.ndwidth and terminal recorder bandwidth, where applicable) of 2.64

Wz, indicating that for on-line materials retrieval, slow-scan TV is

not an acceptable transmission technique.

SSTV could be used, however, in conjunction with the SCA channels

FM broadcast stations to distribute textual materials having mass

appeal e. non-interactive' over large sparsely populated regions

where other alternative information systems were deemed impractical.

1 similar system utili:ing the horizontal retrace intervals in standard

\TSC television signals to transmit newspapers to home facsimile

rcoi;ers -.),oen designed 7.T.A (30; while there are no engineering

obstacles to its implementation, a market for the service has never

been established. Because of rising paper prices, a similar system

using SSTV instead of facsimile to transmit textual materials might in

the future prove to he marketable.

*Experience with Project Intrex, a ten year research project at M.I.T.
concerning possible applications of technology in future library
systems (58), has shown that delays of up to 10 seconds are tolerable
in2 retrieving the first page of a requested document, but subsequent
pages should he retrieved rapiOly (in less than 1 sec) to facilitate
-)rowsin,J, through the document. (716;

**As noted earlier, 176 seconds of 15 kHz bandwidth SSTV signal are re-
.juired to transmit a high-resolut;on Frame. If the frame is to be
transmitted in one second, the handwidt ()f the signal, 15 kHz, must

e mul'-iplied 176 times SO tHat :)-Indwidth7time product remain.;

constant Apperdix A.!). Th'15, to transmit a high resolution
frame i n

//erne
second require ,*711 !rirdwidth is 176 x IS k117
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In the design of any interactive library system, the heart of the

system would be the microform storage and retrieval hardware, which by

computer control could locate and retrieve for transmission microimages

requested from remote user terminals. One such system, the Mosier 410

Information System manufactured by the Mosier Safe Company (59), is

able to retrieve and display en independent remote television viewing

terminals any requested unit documeet tabulating card, aperture

card, or microfiche) from a file mod'ile within ter.t. 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 system started at 530,000 (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, (59) 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, aid

th, system can display any document from file on the system's sin0y

mote display terminal within six .Aecondl.* The microforms are viewed h

a video camera which produces an image with 1225 line 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 indexinv, and to scan all of the

files in a large system would take an ,).xceIsive amount of time.
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-> third system, the CARNCOM 1.0101 2f.)1, i.s a storage/retrieval

microfiche reader with a capacity of 750 microfiche; any frame upon one

of the stored fiche can be accessed and optically displayed upon the

reader's screen within four seconds. 2ecau:,,e each frame on the fiche

is machine-indexed by a number-letter combination, subsequent frames

on retrieved fiche are accessible within one second.* The basic unit'::

price is $4750, while a unit with computer interface permitting the

I\RD reader t3 be directly controlled by a computer is available with

prices starting at $7800. (Se)

It should be noted that none of those units (or for that matter,

any presently available microform storage/retrieval units) combine all

the features needed for use in an interactive library system. For

an interactive library system to be as convenient to users as open

library stacks, its storage/retrieval system would have to combine some

Feitures the units mentioned. in Addition 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

stem too small because of limited storage capacity, the system's

support base would suffer, which would probably cause the system never

hui1t. Similarly, although each retrieval device (using single

Frame ran techniques and franc grabbers at each user terminal)

could simultaneously serve several user terminals, the document file

need have multiple independent retrieval units. Otherwise, excessively

long queues for the single retrieval unit might develop. A further

reouirement would he that individual microforms should he accessible

*The (.7ARD reader, modified for use with remote video displays, was used
Tntrex, in which the 7,-co11 d time limit. WAt7 detr,rmin-1. r(:)7



to several users simultaneously.

106-

While tills is not absolutely necessaet.

for viewing standard works in selected fields, current periodicals, etc..

it would greatly increase the system user's convenience.

To facilitate browsing, the system should be able to perform ini-

tial document retrieval within ten seconds, with display of subsequently

reouested frames within one second. Phis would orohahlv require the

retrieval system to have two-level storage; that is, a main storage

facility in which microform~ not in use would he kept , and a buffer

storage from which microform~ in use could quickly he accessed. To

further facilitate speedy retrieval subseuuent frames, the micro-

forms used would need to have :tandardized format to allow machine

indexing of individual frames.

Finally, the storage/retrieval unit's image scanners and signal

processing equipment must he considered. The image scanners must of

course he canable of rerroducin7 fra-o,z with a resolution acceptable to

the user. In addition, they should he dependable to reduce the amount

of maintenance required. In !'roject In*rex,
microfiche scanning was

accomplished through the use of lenses and a photomultiplier tube. (6I

Today, this could probably he done more reliably and inexpensively by

charge- coupled devices.

Recently, intezrated circuit arrays of charge-coupled devices

(CCD's) have been made commercially available by the Reticon Corporation

and Fairchild Semconductor. (62, 63, 64) Consisting of arrays of

photo-sensitive semiconductor devices, each device accumulates an

electric charge proportional to the amount of light falling on it. Wher

the devices are serially scanned, the outout ,:iznal waveform

corresponding to 1 ight and dark areas is perceived by the MI array.
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Advantages of CCD arrays over vacuum-tube scanners include rugged-

ness, high dynanac 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 signal »iit he required. This can probably

be provided in the same manner as is done in the TICCIT-CAI system.

In fact, the network and terminals used by the interactive library

system could also be used for CAI with few restrictions.* In that case,

the system coding for interactive library use and CAI would be designed

to he compatible.

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 he included among inter-

active library services. In areas without extensive library services,

t.^ could he implemented simply with telephone ordering and mail

distribution 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 case, because facsimile

information must in general be transmitted more slowly than television

informatior to allow recording on physical media, special allocations

within the network for the slower fa-simile transmission would be made.

*Specifically, the network described here does not include provisions
for sound programming or color displays. Audio- compression techniques
might be used to transmit audio programming for CAI during part of the
interval normally used to transmit the hither resolution frame requre(!.
for textual displays. Unfortunately, because color CRT's ire unale to
attain resolutions greater than (typically) 600 lines regardless of
screen 51:C', (65) the CT's used for textual presentation must he black-
and-white.



An alternative would be to equip the remote facsimile receivers

with memory systems capable of recording the fax 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 an optical scanner of the microform

storage/retrieval unit; the signal, After processing, would be recorded

by a facsimile receiver such as the Alden 9257 Alspeed Recorder (59),

priced at $9500 and capable of recording fax 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 copyright laws. Because the inter-

active library system as described would he equipped to provide users

with low cost copies of library materials, it could be thought of as

a "mini- publishing 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 :;t7 full texts from the system than to

purchase the desired texts. in these cases, the system would be

operating in violation of copyright laws, which allow the copying of

copyrighted materials only for "scholarly research."* Thus, before the

system could be legally implemented, present copyright laws would have to

be modified, or a schedule of royalty payments would have to be arrangeC.

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, be generally more expensive than
buying the original text.
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Terminals for use with the interactive library system would likely

include a high-resolution CRT display, a frame-grabber for video refresh,

and a keyboard through which 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

also be ust.d with CAI.

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 might

be realized, however, by using multiple digital refresh memories (such

Are used 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 trrlinals and the size of the area

to be served by the system. As mentioned previously, 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 :)e 4.5 MHz to allow the use of commercially available

broadcast television processing equipment. The network itself could

comprise a dedicated cable system or shared channels on a community

CATV system. Long distrance transmission between libraries might he

provided by dedicated microwave links or arrangements with common

carriers.
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5.4 INTERACTIVE INDEXING CONSIDERATIONS

The interactive library services already discussed have the

potential to make library usage more convenient while partially solving

the present materials-handling problems which libraries face. In a

sense, however, these hardware-oriented 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 social sciences,

where lack of awareness of research 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 searches.

Also, depending on the comprehensiveness of the indexing system, more

thorough searches of the library document base might be made by

machine, especially in subjects largely unfamiliar to the researcher.



One example of an interactive indexing system is the New York

Times Information Bank. (to) Designed originally to allow easy access

to past news articles for reporters and newspaper editors, the Infor-

mation Bank is an on-line, interactive system that provides access to

all news and editorial matter published in the New York Times as well

as selected articles from some sixty other publications. The Infor-

mation Bank'; computerfaoility. (.:onsisting principally of a high-speed

processor [IBM 370/145] and high speed disc storage devices located

in New York City, 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

articles; in many cases, it is thought that the abstracts will be

sufficiently informative to answer users' questions without requiring

u:=,rs to consult the source Jrticl,,:s. Thy, abstracts arc indexed in

depth, with index terms consisting of all significant subjects,

geographic terms, avid company or organization names occuring in the

articles. There is no limit to the number of index terms which may

be assigned to any one article; index terms are entered into the

computer data base along with complete bibliographical information on

th in

To obtain information from the data base, the user signs on at

terminal and then enters several index terms describing the sub -

iect in which he is interested. These index terms are then individually

checked by the system computer against a machine-stored Thesaurus, a

printed copy of which is available to the user at each terminal. Tf

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 whie!,

the user can select the appropriate index terms from lists displayed

on his terminal screen.

The messages that form the .7omriter'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 .is date, source, etc. The user is then

asked to form the index terms it.to a "logical search request"; that is,

using the Boolean operators AND, NOT, and OR, the user requests the

computer to search and compare seer,11 files concurrently and to

retrieve only those articles contained in the subset specified by the

logical search request. An example of a typical inquiry might be:

"McGovern OR Eagleton AN!) !srael OR Suez Canel."

This logical search request would cause the Information Bank

computer to select material on Senators '!cGovern and/or Eagleton in

connection with Israel and/or the Suez Canal.

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 abstract selected; he may look at the abstracts

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

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

most user terminals. Complete bibliographical data is supplied in case
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the user finds it necessary to refer to the source article.* Should

the user find that his search statement was too general or too limited,

he can alter his search specifications and initiate another computer

search.

The development of the Times Information Bank cost in excess of

three minim dollars. Presently, a full-scale marketing effort

.!!raries, and

unkjevoiy. 'r:ytions are offered at prices

ranging from WS per month to 51350 per month, exclusive of terminal,

communications line cost, and microfiche document base; the sub-

;criptien price is dependent upon the amount of use and time of day for

use the suhFcriher requires. The New York Times on microfiche costs

WO per year. Terminal costs are about $350 per month, while the

.ommunications line cost will depend on type of line and on distance

from Nizl.; York City. \n additional nlan for universities and public

libraries entailing installation of A terminal at minimal charges and

then charging for Information Bank services on a per use basis is

also under consideration.**

It is evident from the cost data on the Times Information Bank

that ;imilar systems suitahle for use with the large document collection

of ar interactive library system would recuire a large support base to

make the interactive index system economically feasible. To obtain these

*It should be noted that the source articles are not available for view-

ing over the Infcrmation Bank terminal. To view source articles, Vic
user must consult either the institutior's newspaper collection, or t'ie

New York Times or microfilm through cenlention microfilm viewers.

**The Brooklyn Public Library is currently offering the public access to
the Times Information Bank on a trial basis. (67)
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large support baset, and to increase index utilization, interactive

index systems 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 for interlibrary loan transmissions.

In fact, since th6 interactive index would presumably contain a list-

ing of all the documents contained in libraries within the region,

and since the location of the documents could easily be added to the

bibliographic data in each document abstract, the interactive index

system might be used to coordinate interlibrary transmissicn of

documents over a dedicated educational network.



6. SUMMARY AND CONCLUSIONS

6.1 PURPOSE OF THE REPORT; RELATION TO OTHER WORK

We intend this memorandum to serve as a useful systems design

tool in an engineering and economic study 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 network;; which deliver educational services. An example

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 memorandum undertakes 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



responsiveness of a proposed network for the TICCIT system, an experi-

mental, interactive television system for home and institutional use.

This paper's engineering work, oriented for one familiar with come-

nications technology but not. with its educational applications, will not

suffice as the sole source of infornation in the formulation and analysis

of alternative networking schemes. nis effort is of wide scope: it

must, to produce realistic results, consider markets for the services

delivered, organizations for control and funding of networks, and many

other issues. However, the information we present, when used in

conjunction with other availahle results, should provide a relatively

complete basis from which to work.

Some of the additional results needed are technical in nature.

To formulate realistic designs, one needs a basic understanding of

the potentially applicable communications technologies, but this

information is available in ni=erous texts, journal articles, and

design handbooks. Therefore, our work discusses these technologies

only to describe the limitations 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-

tions 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 specifically tet,:fin:cri,

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 whom the network could he controlled ini!

supported. This memorandum does not cons ider these ton i es , hut they



have been the subject of intensive research 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 documents (b8-75).

The rest of this summary section briefly reviews the work of

the memorandum. This review- is intended to highlight the conclusions

we developed in the course of this work.

RESULTS OF THIS REPORT

We begin by describing and analyzing 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

lvailahil itti' of channels for each, and using our cost and performance

data, compare the amount and quality of programming each could provide.

The Lomparison indicates that for most non-interactive audio educational

programming, FM radio, with costs similar to AM, available dedicated

educational channels, higher fidelity, and ability to distribute

several channels of programming per radio channel, is superior to AM

radio for most educational uses. However, in cases where large,

sparsely populated areas are to he served, AM broadcasting might pro-

vide the only practical broadcast distribution method for educational

radio.

We examine VHF and UHF educational television similarly. We

determine typical operating and equipment costs, and we derive radii

of coverage for various combinations of transmitter power and antenna



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, because 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 indicate some of the options possible when

designing a CAI system or implementir 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 Illinois 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 he 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 objetional 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

a.
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load factor could increase twofold 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

CAI 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

system 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 Oservice,

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 (11), 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 he too expensive and inconvenient to

be widely used in future educational arlications. However, facsimile

might be used to supply document transmission to regional terminals,

at which point users could pick up requested materials.

We discuss the resolution requirements of the displays which

would be needed to provide irteraetive 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 selection mechanism needed in a remote

microfilm-based library system, and we describe a promising and rela-

tively new development, interactive indexing systems.

This information about, and analysis of, possible services which

can be delivered by educational communications networks, will provide

a basis for our future research. The work we plan will be a systems

synthesis effort, in which we will attempt to design and evaluate a

set of educational networks capable 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 dedicated 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

versatile educational service package possible given an estimate of

the available user support.



APPENDIX A.1

TECHNICAL PROPERTIES OF INFORMATION

TRANSMISSION AND DISPLAY

To understand some of the constraints and tradeoffs involved in

the design of educational networks, some of the technical properties

of information transmission and display must be considered. These

concepts allow the network designer to balance 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 that a

given network will provide educational services as efficiently as

possible.

Two concepts central to any discussion of electrical communication,

frequency and bandwidth, relate to the rate at which information is

generated or may he carried by the network. Frequency is an indication

.)t: the rate at which a signal is varying; these variations are measured

in Hertz !i.z), a unit equivalent 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 8000 Hz (.1 to 8 kHz). Thus, to reproduce faithfully the

human voice, a telephone channel would need a bandwidth of-7.9 kHz, the

difference between the high and low frequencies making up human speech.

'lost of the power in speech, however, is contained in frequencies below

3 kHz. Because of this, the telephone, with its 3 kHz bandwidth (0 Hz

to 3 kHz) can reproduce speech that is intellirible 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 through 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 (I); in some cases, in order to gain noise

immunity or simplify the signal processing equipment needed, several

Hertz per hit will be used. Because of this, the rate of which infor-

mation can be transmitted over A channel is limited by the channel's

bandwidth. Similarly, because the rate at which a signal conveys

information determines the range of frequencies which the signal must

occupy, it also determines the minimum bandwidth that the signal may

have.

We have already discussed how using three - kHz bandwidth telephone

,7hanncls results in speech which is intelligible but 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) reproducible

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; because 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. Vach

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,* each

line being formed by an electron beam sweeping horizontally across a

phosphor mask on the face of the television receiver's picture tube.

The electron 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 device (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 different

brightness Across the phosphor mask of the receiver's picture tube,

duplicating the line in the image viewed by the television camera.

13y displacing consecutive lines downward, the entire image viewed by

the camera tube is reproduced.**

Ideally, the areas scanned at any instant by the electron beams in

the television camera and receiver picture tube would be points,

allowing consecutive scan lines to he positioned as closely as desired

without having any overlap between consecutive lines. In reality, how-

ever, the areas scanned at any instant by the electron beams are small

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

*flf the 52:, lines, 487, are actually used in forming the televisior frame !

the remaining 40 represent the time during which the electron beam
-retraces- from the bottom to the top of the screen.

**Rather than scan the 525 lines consecutively (i.e., 1, 2, 3, ..., 525),

first the odd numbered lines (1, 3, 5, ..., 525) and then the even
numbered lines (2, 4, 6, ... 524) are scanned. This is termed inter-
laced scanning, and each television frame is said to consist of two
fields, one containing the .:ever.- number scan lines, the other the odd-
number scan lines. T complete the :icann;ng ci each Field requires
1/f)0 of a second. Interlaced scanninw, :s lisfed to further reduce the

flickering of the television image perceived by the viewer. (2)



minimum distance to prevent overlap. Another consequence of the

area excited 1w the electron ,oing a small circle rather than

a point is that in standard to each scan line can be

thought of* as being composed of 040 areas, each of the area of the

c::Iectron beam (3); each of those rCA' contains the average hright-

ness in that region of the scan line, rep resents one piece of video

information, and is termed a nicture element (pel). The more pels

nor frame, the more accurate is the reproduction of the scene viewed

by the camera.

9ne measure of the accuracy of Llispla renroduetion is the number

of picture elements per unit length aIong the horizontal and vertical

axes of the display"; this is termed the display's resolution. Resolu

tion measured in lines per inch (equivalent to pels per inch in most

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

lu:_e; in video displays, res::,lution is often measured in terms of the

number of scan lines per frame. T.'.esolution is also indicative of the

*In displays comprised of discrete points, such as PLATO IV's

plasma panel, or in television displays refreshed by digital

refresh memories as are used in the TICCIT interactive television

system, each scan line is actually made up of a countable

number of picture elements. In analog display systems such as

standard television, while continuous (nor.-discrete) waveforms

are used, the maximum number of distinct areas in a alternating

light-dark "checkerboard" frame that the display can reproduce

equivalent to the number of pels in the display.

**Resolution along the horizontal and vertical axes is usually

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

of the two resolutions along the axes.
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amount of video information contained in a display: the amount of video

information is proportional to the square of the resolution.

we will now examine the three tradeoffs involved in communications

network design. The first tradeoff is illustrated in the use of three-

kHz telephone lines to carry eight-kHz bandwidth speech signals. If

the message to be carried allows, the time rate of the message being

held constant, the bandwidth of the transmitted signal may he decreased

as long as the quality of the signal reproduction remains acceptable.

You can trade bandwidth (which, as discussed earlier, is equivalent to

the rate at which information is being generated) for picture quality.

This tradeoff is also used in sending Picturephone 0 signals over

bandwidth channels. Because a low resolution video display is

acceptable to Picturephone users, the 4.5-,111z bandwidth channels needed

to transmit broadcast-quality video are not required.

The second tradeoff possible in communication network design is

ilListrated by the use of slow-scan television to send single broadcast-

quality video frames over 3-kHz bandwidth telephone lines. In this

case, because the frame is to be of broadcast-quality, the amount of

information in the SSTV frame is the same as the amount of information

r. a frame of standard broadcast television. Unlike the broadcast

television signal, which has a bandwidth (information rate) of 4.5

'II:, however, the bandwidth (information rate) of the SSTV signal is

limited to 3 kHz by the bandwidth of the telephone channel. To transmit

a given amount of information over a lower bandwidth (information rate)

channel requires that the transmission be longer. This is the key to

the secondjradeoff. Reproduction quality being held constant, if the



bandwidth (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 interactive television system.

In this case, the signals generated by the VRM must be standard 4.5-

41:. bandwidth broadcast television signal::; 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. To save money on the VRM,

therefore, the TICCIT system designers use a video refresh memory

which records only one field per frame: this field is then transmitted

twice per frame, resulting in a video display which has the full band-

width but only half the resolution of a broadcast quality frame. In

thi: case, (non-redundant) information is being transmitted only SW,

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, reproduction

quality, and speed of response of the network so that practical services

can he provided over the network as efficiently as possible. Each of

the media systems discussed in the main body of the paper can be seen

to include such a compromise.
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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 terminal4

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 cylinder 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 solenoid is in its "off" positidn, the corresponding cylinder will

be '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 hits used to

specify the picture in the ninth row and fifth column would be 10010101.

The first four hits, 1001, extend the row cylinders weighted 23 (g8)

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

(=4) and 2
1

(.2)
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to select the ninth row, while the last four hits, 0101, woutd.extend.

the column cylinders weighted 2' (=4) and 20 (=1) while retracting the

cylinders weighted 23 and 2
1

. Thus the frame with coordinates (9,3)

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 by the state (i.e. extended or contracted) of each cylinder,

the mechanism does not have to return to a zero 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 he 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

disk of Molar -based magnetic recording mEterial (typically twelve

inches in diameter) is mounted upon a !I gh moment of inertia, rim-

driven turntable which rotates at an angular velocity .of 1/8 revolution

per second. Messages are recorded on 64 circulartracks, each track

havIng been divided into 3:7 equal segments of quarter-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

.elector; a magnetic record/playback head is radially positioned by a
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set of six series-mounted pneumatic cylinders with weight.siof,32, 16,

8, 4, 2, 1, (25,, , 23, 2
2 ,1

, -
,0

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 would 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

hi.gh 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

the turntable is needed. To provide turntable position information,

markers are placed equi-distant along the circumference

of the turntable which correspond to message unit boundaries; a special

marker is used to denote the 0' angular reference point of the turn-

table (Ot = Os). A detector eositioned along the fixed radial path of

li' _
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the magnetic head is connected to a Counter which is reAYt'tti 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.

Phe positioning of the disc with respect to the turntable is

indicated by the state of the set of weighted pneumatic cylinders

controlling the vertical position of the shaft. As there are 32

message units per disc track, the set contains S series-mounted cylinders

.

weighted ,
_ , 2

3
2 , 2

1
, 2

0
; the length of the shortest is AZ = 360°

s, 32 where ti is the pitch of the helical groove in the shaft (i.e.,

360'
one message unit occupies an arc of . Moving the center shaft a

3.

distance causes the disc to displace with respect to the turntable

360'
or one message unit) .

Knowing both these positions, digital logic is used to determine

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

and cause appropriate displacement of the disc by setting the states of

the center shaft's positioning cylinders. Using both radial and angular

positioning, the worst case access time is 0.4 seconds. By dividing the

the disc into 64 tracks and using a half track 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,"
Augus'... 1970, Computer-based Education Research Laboratory, University of
T1Iinoii, !frbana, Illinois.
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