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CHAPTER I
INTRODUCTION

Automation has been with us for only a short time, but
technological change has had a long history. As each new wave
of technology appeared, old skills becanme obsolete and viorkers
were displaced. Because new skills were needed, the country's
menpower requircements were changed, and educators had to reviae
their courses so that students would be eqguipped to meet the
new job reaquirements.

For years, technecliogicel innovation has been Americats
stepping stone to economic prosperity, and it may corntinue ic
provide us with a high standard of living. Since the rast-

World Vear II boom yesrs, even small industries havs vhilized

f‘.v

-

avutomated machincry and technigues controllzd bty eleclronic
cemputers. A& meior Factor accowmting for the repid syreco of
omput=r utilization was the encormous amourt of woney «r~mt on
regeaveh 2nd development by the Devartment oT Dofense wnd the
National Aeronautics and Spmoe Administration.
In the past decade, however, the pacae of chenge has
cuickened, Those gkilles that have survived Trom vegherday's

-

cn=Enge ave likely 9o he submerged tomorrow. New technoleogicri

1' -
“Jevrry I. Roserherg. Auiomation, INzonewer, and Riucaticon,
(Mew York- Raudem Hause, Tnc., 12667, w. €.
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chenges are taking place not once in a generation, but in
cycles of years or months.

Few schools now offer courses on automation. Yet, if the
stvudent 1s to prepare for the future, he should know what
automation is all about now, what it might be a decade from
now, and what changes in his training or thinking might be

egeded if he is to keep up with the new worid of technolog
He should be aware of the changes being brought by automa-
tion to business, science, and society in general.

No matter how we alter educztional training and thinking,
it is employment that gives us a means to enjoy our socieiye.
Students who cannot go on to college zre finding that they
must at least get a high school diploma with a broad base of
general education to have the flexibhility to adjiust Lo the

ontinu2lly changing demands of the working world. W2 must
prevare the stndents to face the chellenges and opportunitcies
that they will encounter in their work.
Each individuval must have a fair chance to
develop his abilities and to engage in produciive
end rewarding activity. In the Greatl Society,

a1l men must have the self-respect and econonic 1
securlity tlat flow from full use of i{heir tzlents.

COMPUTER INMPACT

Looking at the Tuture c¢f comnuters and electronic data

processing, the Diebold Research Program indicates the grovir

s - -

1 -
Us Se, Department of Iabor, Nanpowar Report of the
President and a Report on lMonmower Reculreme~ts, (Washincion:
Covernnent Prirtins Office, March, 19658).
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of the number of computers from 1960 to 1975 to be:!
1960 4,500 comvuters in uvuse in the USA
1965 30,000 computers in use in the USA
1970 90,000 computers in use in the USA
1975 (est.) 160,000 computers in use in the USLA
Dr. G. Truman Hunter of Internztionsal Busine Machines

Corporation has indicated that by 1975 approximztely 450,000

people will be employed as compubter operatonrs and one and one-

half million people will be emnlcyed as managers, pProgramiers,

and systems analysts. This does not take into censidersiion

any of the clerical or support staff necessary to these pozi-

tions. Dr. Hunter states: “Therefore it is estimated that

the data processing industry will offer morz new career onpor—

tunities than almost any otlter mnaor fielc hatvaen now and
2
19751m”
STATENMENT OF THE PROBLYI

Montana has 718 operating elementary schoclgs, 27 junior

high schools and 17} high schools spresard coyoso 147,138

ok R RN AR

miles. The basic educstiongl philosophy has been that of e

equalization of educational oppoertunity for every student in

the state. The impact of electronic data vrocessing (EDP)

education has caused a problem in providing eminlized ovvortwnity
1Diebold Research Frooram, Y1H0,000 Cormwters in Use By
Adm;nwgtra+1v9 qu’fpﬂhht, February, 197C,

1975é Says Disebold,®

2 . . ;
"The Supersonic Seventies," Bueiness futemation, Jdaavaory,

1970, pp. 44-53. el
3Montena, Education Divec f-g_r_\,r.

Tublic Instruction, 1970-7L), p. 10.

(Helena:  Devaritwent of
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in studying EDP. It is obvious that not every small school
can afford to purchase a computer, and the majority of Méntana
schools are small.

This study is being conducted to investigate the design
of a potential educational electronic data pfocessing system,
accessible to all schools in Montana and the Montana State
Department of Public Instruction, for the purpose of providing
access to electronic data processing services for all siudents,
teachers, administrators and school managers, and the State

Department of Public Instruction.
LIMITATIONS AND PROCFDURE OF INVESTIGATION

Economic feasibility is not being considered in this
investigation for the fear of its inhibition in the design
of the system.

The first series of resouvrce materials read, consisted
of magazine articles and theses relevant to electronic data
processing in education.

The second phase of research invelved the study of several
articles and publications that deslt specifically with time-
sharing. electronic data processing systems. Cormunications
were carried on with persons who have had experience in educa-
tional electronic data processing systems.

The third step in reviewing resouvrce materials, was the
examination of several technicsl books that related to system
desien, data transmission, telecommunicaticr, and computer

requirements for on-line, real-time, time-sharing electroriec

data processing systems.
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Tha fourth aspect of the investigation was the interview—
ing of Mountain Bell Teleﬁhone Company officials in charge of
specific services. The purpose of these interviews, wrs to
inguire of the capabilities of the telephone facilities in the
state to service a state-wide, on-line, rea1~%ime, time-sharing
electronic date processing system.

The last research activity was the search for resource
materials to be used in presenting workshon and in-service
training to instruct teachers énd administrators in the uhili-

zation of compuu,rS and electronic data processinge.

DEFINITION OF TERMS

e

BUFFER £ storage device used to commenszie Tor a differance
in rate of flow of data or time of occurrence of events, when
transmitting datz from one device tno anothere.

COMIMUNICATION LINK The physical means of connecting one Joc2-

P

tion to another for the purpose of trancmitiing and receiving
information.
COMPUTER A device capable of solving problems by accepting

data, performing prescribed operations on the data, and
supplyirg the results of these operations.

CONVERSATIONAY, TANGUAGE A programming langsuage which permits
a user to instruct a computer via a terminsl and reczive aa
immediate resnonse From the computer.

DATA PHONE A hardwere device which »rovides the necessary
interface betweer a terminal and conmuniration link.

DATA TRANSHMISSION The moving of data {rom cne point to another

point over commwmication links.
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ETLECTRONTC DATA PROCESSING (EDP) The processing of data, using

predominantly electronic equipment such as an electronic digitzl
computer.,

MULTIPT.EXING To interleave or simultaneously transmit two or

more messages on a single communication link.
ON-LINFE Pertaining to equipment or devices under direct

b g ke

contrcl of the central processing unite.

Q;‘

REATL-TIME A rea’~t1mp cornputer may tae defined as one th
controls an environment by receiving data, processing then,

and returning the results sufficiently guickly to affect the
functioning of the environment at that time. |
TELICOVMUNTCATIONS Pertaining to the transmission of signals
over long distances, such asz by telegraph, radio, telerhone,

or television. |

TERMINAL A poirt in a system or communicaticn network at which
data can either enter or Jeave.

TIME-SHARING SYSTEM Characterized by multiple users woxrking

S

with one computer system simultaneously through remote terminesls,
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- CHAPTER II
ELECTRONIC DATA PROCESSING IN EDUCATION

Changes coccur so rapidly that it is difficull
for the layman and the professional to keep their
ownn knowledge up to date, and as conpanies hecome
more and more auvtomated, the demsnd for the unskilled
worker shrinks as new jobs come into being. New
skills are needed that emphasize the mental rather
than the physical aspect of the worker. New
positions are created which regquire a larger degree
of creative intelligence. It depends upon the
schools to turn out individuals who are not only
capable of understanding and using the tools of an
expanding technology but who will have the neces-
sary knowledge and skill to adapt to the changes
generated by current innovations. Auvtomation and
our increasing reliance on advanced technological
methods present education with one of the greatest
challenges of all time and promise immcassurable
rewards commensurate with the investments educators
are willing to make of their time and nersonnel
to support the necessary research. Yet many are
still skeptical about the possibilities of instruc-
tional technology, and education continues to lag
as the most primitive sector of Americen techmology.™

The schools should be responsidvle for a student?s
acguaintance with automaticn—-particularly with the computer
end computer systems, by teaching them about the machinery
and what compuvting can dc.

Dr. Willard Korn has stated:

Teaching the fundamentsal concent of business

data proceassing shovld provide & basis for Turther
education of the individual--either in the form

e mh ABE P W AR T Wty e

loariton H. Bover, Priloscvohical Persvectives For Rducation,

(Glenview: Sceott; Foresman =nd Co., 19707Y, vp. 3672630

7
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of on-the-job training in business or for taking
further coursework at the post-secondary level.

Many managers expressed the wish that our
high schools would do more to introduce high
school students to general electronic data pro-
cessing concepts,

Most of the entry jobs in the electronic data processing
area are open to high school graduates if they have had
electronic data processing training in school.

Robert D. MacDonald has noted a growing tendency for
business offices to look to secondary schools for the train-
ing in electronic data processing.

William E. Greiner states:

High school graduates with a reasonable amournt
of technical training in data processing can
cqualify for many of the "epprentice" operator
and programming positions that . . . dz2ta
processing installations create « «

Business education gradustes with 2 knowledge
of dats processing will receive preferred considera-
tion for clerical positions in the arezs which
prepare and edit data to be processed ¢« o« o o
Dr. Giibert Kahn has said that no matter how small a

high school business department may be, or how small its

enrollment may he, or how inadeqguate its budget is, data

e g n e aaaana

1Willard Ms Korn, "Business Data Processing for the High
School," Journal of Business Rducetion, December, 1969, p. 109.

2Robert D. llacDonsld, “The Development of A Unit of Study
in the Principles of Data Trocessing for Use in the Business
Education Curriculum of Secondary Schools,'™ The HNational

Business Bdvestion Quarterly, 34:37, Fall, 1S65.7

3William Ee Greiner, "Are Your Graduates Qualified to
Compete in Today's Labor Market?," Business Fducation Verld,
44:9, December, 1963. ‘
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processing should be offered in the secondary schocl curricu—
lum.l

Obviously, computer facilities shouwld not be limited %o
the business department of az school. Its computer power cgn
be utilized by other departments and in the administration of
the school. Mathematics and physical science departments are
common users of the computer, biology classes utilize it in
studies of genetics and social studies classes use it in their
studies of pollution. Some schools formally incorvorate the
use of the computer irnto many courses while others reouire the
use of the computer in a few courses and let the student apoly
it voluntarily on an individual basis in the rest of the courses.
In either event, the computer apnears to capture the imagine-
tion of most students.2

A valuable 2id in a student's education is the using of
computers to enable the student to deal with realistic prob--
lems rather than oversimvplified models. By lessening the
time spent in the drudgery of problem sclving and analyeis
of data the siudent has more time for +ihought, insight and
comprehension of the prcblem he is working on.

A bit of evidence on this matter was mv observation of o
senior studént from Sentinel High School, Missoula, NMontanz,
computing energy values used in his science experiment. T%

——— . Ty S P A p B A s A e s

1Gilbert Kahn, "Take the NMystery Out of Data Frocessine,"
Business Teacher, 44:6-7, September-October, 1966.

2Richard T. Bueschel, "Time--Sharing, A Pracmatic Approz~h
in the School," FEducational Technolocv, Narch, 1970, mn. 21-23.

RSP
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took the IBM 1620 computer, at the University of llontana Compu-
ter Center, two minutes and fifty-three seconds to compufe
the value sought of each of seven elements he was using in his
experiment., Without the use of the computer to determine the
value of the elements, his experiment would have been so time
consuming it would have been necessary to reduce it to an
unmeaningful sized model.

"Computers and comnuting are already invading Jjunior high
schools and elementary schools."l

The Lebanon Elementary School in New Hampshire introduces
the BASIC programming language to students at the fourth-grade
level. When they reach the upper grades, these students use
the computer in solving problems.2

Stanford University started a computer-assisted-instruction
(CATI) drill and practice progrem in elementary-school mathe-
matics in 1965. PForty—-one, fourth-grade children vsed teletype
and telephone lines to communicate with the computer.3

Additional Stanford University CATI programs gre available
in elementary reading, spelling and language arts for grades
one through six. The purpose of these programs is to extend
the learning environment of individualized instruction beyond

that which the teacher has time to give each student.4

1President's Science Advisory Committee, Comnuters in
Hieher Education, (Veshinghton: Government Printing Office, 1967),
Pe 27

240, .
Bueschel, loc. cit.

3patrick Surpes and lionn Morningstar, "Comouter-Assisted

Instrvetion,” Science, Octoher, 1969, pn. 343-347.

4Patrick Suppes and Fax Jerman. "Computer—-Assisted Instruvo.-
tion at Stanford," Educstioral Technelocy, Javruary, 196G, mn.
2024, R
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The New York City school system uses an RCA Spectra 70
computer for a CAI program that cerves 192 student terminals
in 15 elementary schools in Manhattan, Bronx, and Brooklyn.
About 6,000 students in grades one through six are involved,
and the curriculum used is a commercial successor of the ele-
mentary arithmetic drill and practice developed at Stanford
University.l

The TLearning Research and Development Center at the
University of Pittsburgh is attempting to find practical ways
of providing an individualized educational environment. One
of the projects, Individually Prescribed Instruvction (IPI),
has been under development since 1964 in the Oakleaf Elemen-—
tary School near Pittsburgh.2

Computer—assisfed instruction makes possible sophisti-
cated approaches to instruction in many different fields and
for students with a variety of interests or problems. "The
guestion of whether CAT will play an increasing role in educa-
tion is no longer debated. Rather, the guestion is 'When will

CATI begin to play a more prominent role?'."3 Contrary to

the understanding of many educators, CAI becomes ancther

1D. Jomison. P. Surpes ani C. Butler, "Estimated Cosgts of
Computer-Assisted Instruction for Compensatory Educatior in
- Urban Areas," Edvcstional Technology, Sentermber, 1970, pp. 43-57.

2William W. Cooley, “"Comvuter Assistance for Individvalized
Education," Journal of Educational Data Processing, February,
1970, pp. 18=28,

3Patrick Suppes and Max Jerman, "Computer-Assisted Insiruc-
tion," The Bulletin, (National Association of Secendary School

Principals, Febrvuary, 1970), v. 27.
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vehicle to expand the professional capabilities of the teacher
and not a substitute for hin.

The question is no longer should we teach electronic data
processing in the schoois, it is now a guestion of to what
extent can the school provide insiruvction in electronic data
processing and obtain computer power adeguate for the schoolt's
needs. The limits are primarily determined by the dollar cost
of the computation service, the imagination of the teacher and
students, and the availability of people who are able to apply
these tools in new and useful ways,.

The most common administrative usess of electronic data
prrocessing, at the present time, are the custodial jobs of
scheduling, recordkeeping, grade revncrting, general account-
in~, and state and‘federal government reporting. Unless a
school district accounts for 30,000 or more students, these
custodial jobs do not justify the ownership of a computer
system by a single school district.l

What can EDP do for school administration?

The uses of the computer and electronic data

processing (EDP) in administration of public

education are limited only bv the imagination

of professional administrators. The timg has

come to stretch this creative petential.

It is possible for the administration, with the aid of

a system simlation model builder, to develop a program by

Nt e e e el tme mem e v A Te

1A. B. Fllis. "Regionzl DNata Processing for Schools,”
Internationsl Review of Fducabion T, 1968, pp. 22€--232.
2

EDP and the School Aduwinisteztor, Americsn Associetion
of School Administrators, ay, 1967, p. VIil.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

which the administrator could test alternatives prior to
making & decision. The administrator is then able to plén in
anticivation of problems rather than react to crises. The
system simulation model can be for the educational administras
tor what the 1ahoratory test faclility is for the engineer.l
Though expensive to construct, such simulations help to avoid
costly mistakes and may result in»conservation of public

funds in the long run.

The Committee on Electronic Data Processing of the
American Association of School Administrators recommends that
each school district participate in, contribute to, or have
access to a computerized educational inform=otion system or a
data bank related to its needs.? The information syvsten
may contain data on professional, administrative, and super-
visory staff and non-certified personnel. A second dava fils
could contain information on students. Another data fitle may
be developed on Ffacilities, suprlies, eguiwvwont®t, and financieal
transactions, etc. The speed with which tkhe computer zcis
makes the dsta available almost instantanesvsly. The infdorrs.
tion system and speed of the computer place ¥lanned-Program-

Budgeting—-System (PPBS) and program cost accosunting and analysis

A 4 ) Atk 1 e o A, A Sl e pmse

YRichara W, Judy and Jack B. Levine, # New Tool for
Roncational Administrators, (Canada: University of Toronto

Tress, 1965), p. 7.
QEDP and the School Admini strator. Amrerican Association

of School Adninistrators, 1967, p. 5
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within easy reach of the administration.l Reports prepared
by local districts for the state education devartment coﬁld be
less burdensome, more un to date, and perhaps even fewer in
number if the informaticn system were a state-wide educational
information system, utilizing a centrally loéated computer =t
the state department of pnblic instruction. Contribution and
access to the information system could be accomplished by
teleprocessing operations between the state department computer
and local school units. This type of system wounld contribute
to the conformity of a uvniform record system for scheools state
wide., It would also vnrovide the facilities for implementation
of an accounting system for state--wide finsncing if it
materializes as predicted by some educators.

The computer, being a2 relatively new invention, méy do
more to modify the shape and destiny of our world than did
any other invention. No 1life will be left untouched by the
pace of the technological revolution. The change generated
appears to feed upon itself--the greater the rate of change,
the greater the pressure for more chanege. It would be unreal-
istic to assume that edvcation will not be s8ltered to a great
extent in a society committed to radicsl and unendirg chenge.

Educators must be concerned about computers,
must learn about them, must teach sabout them. They

cannot isnorc *hem. The compuvter is nol going to go
away. Its effects will not fade, 3+s wee will not

B P S———— o % o A s ——— v

1J. P. Maloney, Jr., "Electronic Data Processins in
Fducation,® Journal of Educational Data Processing, Fall,
1969, ppr. 225-229, )
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decline, its influence will not disappear. . After

a dozen years, this much is surely obviou.s.1

The computer has had three profound impacts upon educa-
tion: (1) computer a?preéiation (2) utilization of the
computer as a learning tool and (2) use of the computer in
educational administration.

Computer appreciation is more than the study of automa-
tion. It includes understanding the simplicity of the machine
responsible for the computerized age. The notion that computers
do not "think," but must first be instructed by a human being,
is not easy for a student to understand until he triés instruc-—
ting a compﬁter himself and learns the rudimentary skills of
computer technology. It is lmportant for all students to be
aware of the potential power of the computer, whether they
will be affected indirectly by the computer i1mpact on society
or directly as a user of the computer. They should also learn
of its effects on job opportunities and the labor market.

Utilization of the computer as a learning tool can be done
in many ways. Computer-Assisted Instruction (CAI) (programmed
learning, with the learning program stored in the computer is
.one way). Computer Based Instruction (CBI) (uses the computer
as a tool in guiding learning by traditional technigues). The
computer is used to test individuals, analyze their test scores
and advise future direction of the student's study based on

this analysis. Computer Enriched Instruction (CEI) is utilizing

ljames J. Fast, Jr., "The Inevitable Idea," Journal of
Bducational Data Processing, (Volume 4, No. 2, Spring, 19567).
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the computer in various facets of formal learning and problem
solving. A high degree of understanding is gained in develop-
ing a complete and logical preogram to instruct the computer in
the solution of a problem. The student must thoroughly under-
stand the concept of the prohlem to be successful in his
efforts.

Use of the computer in educational administration for
custodial processing only scratches the surface of its potential.
Its real value lies in management planning and condrol. Through
the use of infermation systems and the computer, future school
system projections can be made. These projections can be
tested by the use of simulation models. Periodic control
tests can be run to determine what adjustments, if any, need
to be made in the projections. School management can be
alerted to potentially serious problems well befcore they
become a realitv. In this way, the seriousness of the problem
can be lessened or plans changed so as tc avoid the problem
completely. Used in this way, the computer is a source of
hope for the school system management confronted with complex

problems th=t thus far have defied solution.
FLECTRONIC DATA PROCESSING IN NONTANA EDUCATILION

Electronic data processirg, is in its infancy in the schools
of Montana. Fifty-six of the 171 secondary schools in the
state have indicated an interest in or curiosity ahoul tne

computer and its cepabilities in edvcation Ly having data
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processing service centers rrepare the academic schedules
of their students for the school year 1970—71.l

Very few schools in the state of Montana have direct
access to a8 computer facility. One public school in the state
has its own computer system. Two schools have limited access
te 2 computer in the vocational tecﬁnical schools operated in
conjunciion with the publiec school in each community. Four
scheols utilize bateh nrocessing on computers owned by indus-
try in their communities. A few schools have very limited
access to the computer systems on the campuses of four units

an

of the Nonvana University System. Only one of thes~ units
has remote terminal, on-line, time-sharing capabilities. The
State Nerartment of Public Instruction has a Honeywell 200
comrutsr on which it nrovides student schednling and greade

cororting services on a batch processing basis to schools

Given present costs, most of the 916 omnerating schools
in the state do not have enouvgh use for a computer in the
claueronm and administration to justify ovming or leasins one
for thet single school. This is a major reason why the
cvrriculs of the schools in the state do not include an
extenaive amount of instruction in electrcenic date nrocessing,
rior dn theese schools vse & computer as a tezching tool to
enrich the traditional education nrocess.

1Basnd on a televhone survey bhetween k-mtana School
Adminisitrators and the writer. April, 1970.
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Much controversy reigns at present regard-

ing whether or not "hands on'" time should be

prov1ded to stucents of data processing. It

is difficult to justify the expensive hardware

for a high school course. Yerhaps cooperation

with local industry may serve as an answer for

some school systems desiring to include "“hands

on" time or for those systems thoat want student

programs processed. '

The small school will have very little chance of offering
hands on experience in its teaching of electronic data proces-
sing if it must wait until its school distriet can own or
Jease a computer and the software to go with it. However,
some form of instruction in electronic data processing must
be provided in the very near future. Each year it is delayed,
means that our education system becomes one more year outdated.

Secondary—-school students should be taught

what computers and computing are. In addition,

it may be that compuiters can be used to improve

the teachlng of many courses. Computers may

be useful in stimulating the interest of students
who cannot be reached in other ways.

THE PROBLEM IN MONTANA

In keeping with the philosophy of equzlization of educe-
tional cpportunity in the state, every scheol and every student
in Montana should be provided with the »pporitunity to have
access fo comnmuter power. The problem we are confronted with

is, how are we going to provide the comruter power? With

- o St e e Al ol WA E s i TR®

1Willard M. Korn, "Business Data Proceasing Tor the High
School ;" JQHngngfM3Us3hp'% Education, Decsmher, 1969, n. 110.
2

President's Science Advisoryv Comnittern:, Comovter in
Higher Tducation, (Washirncton: Goverrwsnt Frinting Orfice,
1967), p. 26,
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most of the schools in the state having a small enrbllment,
this implies some form of computer cooperative or time-sharing
among schools. A total of 916 operating schools spread across
147,138 square miles means there is a great distance between
schools; and, therefore, commuting distance to a shared computer
center is unreasonable, This indicates that data transmission
would be best handled by communication links and on-line termi-
nals. Therefore, on-line, time-sharing ccmputer systems seem
to be the answer.

The next two chapters will review time-sharing systems
and investigate the technolcgy of data transmission as a
basis for the development of a potential sclution to the

computer problem in Montana education.
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CHAPTER ITI
REVIEW OF TIME-SHARING
DEVELOPMENT OF TIME-SHARING

Time—sharing (the almost simultaneous use of a computer
facility by a number of independent users of multiple terminals)l
can ve tiraced back to 1940, when George Steiblitz of Bell
Telephone Taboratories demonstrated the possibilities of
data telecommunications to participants in the Mathematical
Conference at Dartmouth College.‘ This first demonstration
link connected New Jersey to the Hanover, N. H., campus.
However, it wasnt®{ until 1952 {that data retrieval systems
using commuvnication lines became operational: the first at
American Airlires, and later in the year; a larger system at
the Toronto Stock Exchange. Although these early systems
used memory storage devices, it wasn't until IBN's RAVAC
appeared in 1956 that a general purpose comoubter with memory
capabilities became feasible. In 1958, AT&P in=tallied itnm
first dataphone vhich couvld ennbie a teletynewriter Lcorminal
to communicate with the computer. Thus, the hardware ingredi-
ents for time~sharing were assembled; a commuter with memory

P ST S ttad

]Peter . Carr, "Pime-Sharing Growth: A Comsimications
Phenomenon, " Commaterworld, Narch 25, 1970, n. 19.
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capabilities, a communication link that could handle data
and input/output devices in the form of dat=phones.

Many of the concepts behind time-sharing were develored
at Massachusetts Institute of Technology (MIT). In 1959 and
1960 technical papers by members of the MIT faculty described
the potential adventages of time-~sharing.

One merber of this staff, who was decply involvad in the
early papers and experimentation, is J. C. R. Licklider, often
called the “father of time~sharing."l He was instrumentazal in
securing funds fTor several experimental systems including the
famous Project MAC (Multiple Access Computing) at MIT.

The first truly time-shared system initisted at MIT was
in 1961. It utilized an IBM 7090 computer to service eight
users. This experiﬁental project pvaved the way for estab-
lishment of the Tirst prototype of a commercial system.

In 1963, Rand Corporation took a major step in developing
the fourth component to a time-sharing systeﬁ, a conversational
language. It implemented the JOSS language which is the fore-
runner of meny of today's conversational languages such as
BASIC (a conversational programming language desigrnied in
1964 at Dartmouth, under the direction of Professors John
Kemeny and Thomas Kurtz through a National Science Foundation

grant). JOSS is the first easy-to-learn conversational lanfu=~e

1']?eJ(:e:L‘ F. Carr, "Time-Sharing CGrowth: A Commurdcsticns
Phenomenon," Comvuterworld, Warch 25, 1970, p. 19.
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that attempted to place programming within the capabilities
of the ultimate user.l

Terminals for these new power tools became availabie at
certain universities and research institutions in 1963.
These remote terminals provided access for up to 30 users with
the MIT developed CTSS (Compatible Time-Sharing System. )2

These developments made possible what Professor John
McCarthy of MIT introduced in one of his lectures, in 1951,
as the notion of a computer utility capable of supplying
computer power to each customer where, when, and in the amount
needed.3 He described the method of operation to be analogous
to that of an elecfric power distribution system. In this
case, the computer utility would supply logical power to aid
the individual inlsolving his processing and computational
problems.

The educational concept of time-sharing had its birth in
1864 when Dartmouth College acquired a GE-265 computer with
the help of General Electric and the National Science Founda-
tion. By the fall of 1964, 20 terminals were in use and Dart-
mouth students were instructed in the use of the computer as
a part of the mathematics curriculum.4 From this time on,

Dartmouth has been influential in the utilization of computers

in education.

1M. V. Wilkes, Time-Sharing Computer Systems, (Ilew Yorik:
American Elsevier Publishing Company, Iinc., 1968), p. b.

2

Carr, loc. cit.

3Edgar C. Gentle, Jr. (ed.), Dats Communications In Busi-
ness, (New York: Publishers Service Company, 1965}, pp. 8HY-S0.

larr, "Time-Sharing Offers a New Tool for General.
N Ve ks L& Mawvywrnh DK TQAQ70 et e
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The 2bility to service simultaneous on-line, time-sharing
users has advanced steadiiy since 1963. General Electric has
a time-sharing system which can service up to 50 users concur-
rently.l Systems capable of supporting several hundred users
are forecast for use in the near future. )

In the same way that there are small and large computers
so there are also small and large time-sharing systems. A
small system offers facilities of limited scope. Typically,
there is only one programming language available and the size
of the problem must be restricted. In the smzall systems there
are no secondary, on-~line file capabllities so each session
at the terminal must begin with the loading of the program
develoned =znd at the end of the session the vser must get a
complete output, for nothing will remain of his work in the
computer after the next user has obtsined the computer fer
use., Small systéms have great value for simnle statistical
calcuvlations that are tedious to do, but small systems have
very little valve for administrative applications.

The larger and more sophisticated on-line, real-time,
time-sharins syatems atterpt te give the user as tnrestricted
accens as vnossible to the computer. Several high-level procsram-
ming languaces are often available for use, and in addition
it is possible to presram in macaince lancvuage. Secondary
storare file syvstems are provicded with the compnrter; and,

asasociated rerirheral ecuipment enables the user to store

A 1 e o v — A e

1“The New 'Tailored!' Business Computers," Administr
Manacsement, October, 1970, p. 50-59.
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programs, data, etc., available to the computer much the same
way s data are stored in an office filing cabinet. The user
may delete, update, or expand currently stored programs or
data files from his terminsl. It is not necessary that an
entire document te re-typed to phange it. Thé user often
has zccess to useful programs that are already prepsred and
kept on file in the computer memory (program library). In
addition to providing in-line (continuoﬁs) processing service
to people working at remote terminsls, a large real-time,
time-sharing system can also provide remote batch (periodic)
proceSsing and the ordinary on-site batch pirocessing. Remote
batch processing usually consists of the program and the
data on which the program will operate; all being transmitted
from a remote terminsl. It is received inte what is known as
the vbackground® of the central nrocessing vnit because it is
processed during the delays in the in-line processing that 1is
taking place in the time-shared (foreground) activity of the
central pnrocessing unit. On-site batch processing is processed
in the same manner except that it is entered into tihe computer
by on-site input devices.

It is now possible for a user's terminal to be connected
by a communication 1link to the most powerful comruter, which
may be located as close as the next room or as fTar away, as hal¥
way around the world. All users, wherever they are, brave instart
access to the comouter, and expect a responre to their mess2ge
very soon. Response time is limited onty by the fact that the
computer mist chare ites time among 211 the vsers that are

currently lorssed in. Recanse of the difTersnce between human
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speed and compnter speed, which is on the order of 1 to 1
million, (predictions for fourth generation computers are

to increase this speed by five times 1 to 5 million) the
user at the terminal is under the illusion that he has ex-
clusive possession of the system which is responding to his
inputs very fast, although it is sctually paying atteﬁtion
$o0 him only periodically and is servicing other users in the
interim.1 This is possible, due to the various methods of

multiplexing, transmission, and buffering of data.
REVIEW OF TIME-SHARING SYSTEMS

Dartmouth Time—Sharing System

The nation's schools are rapidly becoming awarce of the
value of time—sharing in education. For both students and
teachers, time-sharing offers a new approach to learning by
making availahle an advanced method of problem solving.

Time-shering has become an essential part oif academic
life, particularly in the New England area where the innova-
tive influence of Dartmouth College has had a marked effect
on computer aided edunceation techniques.

At present, the Dartmouth Time-Sharing System (DISS),
built around a GE-635 and a Datenet-30 compulbers, services
over 110 terminals inluse within the Dartmouth community.

About 26 are in use in other institutions of higher educsztion

e A B et A YT -

1Joseph Orliclky, The Successful Commubter Svstem, (New

York: McGraw-Hill, Inc., 196Q), vp. 49.
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and over 35 in secondary schools.1 Their main purpose of
assoclating with secondary schools is to show that the cémpu—
ter can be a significzant contribution *to éeccndary education
within the existing curriculum, without externsive teacher
training. The system demonstrates that compﬁting encourages
students teo think creastively. The results of this resssvcch
are published to serve as guidelines to others in the utiliza-
tion of computers in educatione.

The project findings reveal: 1. The computer is best
used for exploring prohblems of personal interest to the
user, that is, as a creative outlet for his curiosity. 2.
Development of the ability to program (the process of writing
instructions for the computer to feollow in sclving the prob-
lem) is a matter of a few hours. 3. The aversage student csan
learn to program in the seventh grade. 4. The major
influvence a studentt's ability has on using the commubzr is
the length of time reguired to write the program.

The recults of the Dartmouth project so far indicate
that it is gquite feasible for small colleges and schools to
obtain computer rééources from a remote supplier. Noht only
are they able to obtain computing power in almest the exact
quantity needed, but they are able to do so without eignifi-
cant investment.3

1Peter . Carr, “"Time--Sharine Offers a MWew Tonl for

General Teaching," Computerworld, March 25, 1970, n.e 2.

21pid., . 18.

31vid.
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Computer Instruction Network

Computer Instruction Network (C. I. Network) was aﬁproved
in early 1967 for funding under Title III of ESEA (Elementary
and Secondary Education Act of 1965). C. I. Network was pro-
poéed to operate in Marion, Polk, Lincoln, Yamhill, and
portions of Clackamas and Lirn counties in Oregon.

The objectives of C. I. Network were:

l. The development of awareness on the part
of high school students of the impact that computers
will have on their lives.

2. The development oflawareness of potential
Job cpportunities in fields related to, or which
utilize computer technology.

3. The development of rudimentary skills in
the use of various types of computer technology.

4. The involvement of several hundreds of
high school students in activities utilizing
computers to the end that these students would
find opportunities to employ computers in
various facets of their formal learning.

Equipment used in the project consisted of:

1. TFour portable computers, rotated among
the schools for periods of three weeks.

2. A computemobile, which consisted of an
IBM 1130 computer and paper tape equipment,
mounted in an International Harvester Metro Van
truck. DPower for the computer is available
either from an external power source or from
a self-contained generator. The van makes
regularly scheduled trips to various schools in

the procject.

3. Teletype terminals in twenty-two
schools were used for off-line tape punching,
intra-C. I. Network communications, and G. E.

Time-sharing.
A1l computers in the C. I. Network program used punched

paper tape for input medivm.

1Don Holznagel, "1967-68 Computer Instruction Network Re--
¢cap,” (Salem, Oregon: C. I. Network, 196G, p. 1 (mimeogzraphed).
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The C. I. Network project served a student population
of 18,500 students in grades 7 through 12 for a period of
three years. A total of 283 courses, involving computer
instruction, were taught in the forty participating schools.
Many of these classes consisted of integrating computer instruc-—
tion and utilization into existing classes. Of the 283 courses,
177 were units integrated into existing mathematics classes,
144 into existing business classes, and 29 into existing science
classes. Computer instruction courses offered in the parti-
cipating schools varied from school to school. One-semester
courses accounted for 38 classes and 25 were full year
classes.l

The curricula included, in most cases, a brief study of
machine language frogramming with hands on operation of the
computer by students. After each student had attained a
minimum understanding of computers, a time-sharing terminal
was made available and students learned to program in BASIC.
The computemobile, with the IBM 1130, was used primerily to
run FORTRAN prOgrams.2

Teacher training consisted of evening courses in computer
appreciation, and introduction to computers, and daia proces-

sing in education. Those teachers who were to teach about

lSee End of Project Report of Computer Instructicn Network,
Project No. 24-000-902-0, Title III, E.S.E.A., U. S. Office of

Education.

2Judith B. Edwards, Computer Instruction: Planning and
Practice, (Portland: Northwest Regional Lducational Labora-
Tory, sSeptember, 1969), pp. 53-54.
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computers, programming, or use the computer as a problem
solver took additional courses. Teachers who wanted to use

the computer for more advanced problem solving, were encouraged
to take additional courses at colleges and universities. In-
service teacher training programs and seminérs were held for
teachers in particular subject areas to provide guidance in

the use of the computer in specific subjects.

Pederal funding of C. I. Network ended in June 1970. At
that time, sixteen of the schools had provided their own funds
for hardware and others had made arrangements to continue
computer instraction.l

The evaluation by Teaching Research Division, Oregon State
System of Higher Education, found that the C. I. Network project

had a definite positive impact and produced significant change

in its participants.2

The Oregon Total Information System

The state cof Oregon, with approximately 120,000 square
miles and 376 individual school districts with over 475,000
students, has faced the realization that computers are here

3

to stay and must be used by the educational enterprise.

lDon Holznagel, "Computer Instruction at the Crossioads,"
Compuvtalk, Jsnuary, 1970, p. 3.

2

End of Project Report, Computer Instruction Network.

3worIs Merges Management and Education," Business
Automation, July, 1970, pp. 38-39, 44-45.
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How many first-year tezchers sre on the staff?
What is the account balsnce? What is the teacher- -
puplil ratio? What are the achievement test scores
Tfor arithmetic in the fifth grade at Washingbton
Elementary School? Has John been absent esn exces—
sive number of times this guarter? How well does
he read? Does he have any brothers and/or sisters?
How many students for impacted area monies? How
many students in South High School recuested geo-
metry on their schedules for the fall term?

This set of guestions might well be heard in
any superintendent's or principal's office in the
nation on any random day. The usual sources for
this kind of information have been inherited from
the simpler nast, which did not find it necessary
to be involved with such large numbers of students
nor with so many relsted agencies. As any educator
knows; these sources have become burdenscme to
maintain, cumbersome to use, and less reliable
as the need for irformation becomes more urgent.

Fortunately, in combination with this avalanche
of data need, there is a remarkable ncw tool for
use by socliety—--the compnuter. Any school district
can reasonably expect to benefit from using the
computer both to store information and to provide
ranid access to unlimited amounts of data, In
additicn, the comnuter can be used in an instruc-
tional mode: to learn about computers; to learn
how to vse the comnuter: or to use the computer
as the vehicle for presenting materials from other
fields (CAT).t

Through the efforts of a number of capable educators,
plans were laid in 1964 to develop a locally supported
“"cooperative' which would provide computer services for local
school districts. These efforts helped t¢ bring the problem
of coat a2nd organizaltion clearly into focvs in the minds of
many Oregon superintendents snd school boards. At a lerge

gathering of superintendents in the Tall ol 1964, it became

. P A T T P s

1Lowry Li. Bennett, "OTIS: The Oregon Total Inform=ation
svstem," (Fimeographed.) Received April, 1970.
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apparent that local school districts coculd not raise the
reauired funds to support such an effort.

Nothing more was done with the plan 1ntil after Congress
pessed the ESEA of 19653 then the plan was rewritten and sub-
mitted to the U. S. Office of FEducatiocn, which zccented i% in
19566 for a twenty-month plannirg grent under Title TIT of ESTA.
The project was funded for a three-yesr demonstration period
beginning M=y 1, 1968, with thirty-six districts, from all
over the state of Oregon, tied directly to the OTIS {(Oregon
Total Information System) central computer, via leased tele-
phone lines with seventy-~five keyboard termirsls. The many
small school districts, spread so widely, made teleprocessing
a distinct necessity. If OTIS were expecting remote districts
to collect information and store it in the system, an environ-
ment was needed that would give =zaccesse to data faster than
the mails couvld vrovide for inguiry and upcating.

Services include all norm2lly desired menagement services,
such as payroll, personnel accounting, grade reporting, schonl
sectioning, modular scheduling, student programs, and others.
Clams instruction nrograms are processed in a vatch environment.
The System leads student progroms on a tape for evening proces-—

sing and returns diagnostic »nrintouvts the following morning.

———— A e £ - E M ¢ e s i oy

lLowry Me Pevinett, “Contributors to Automated Educationnl
Tnformation Systems in the 1980fsv (Wupene, Oregon: Edncational
Information Svstem Requirements: The Next Two Decades, 1967),
pp. 104-112. (Mimeogrenhed.)
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Local district personnel involvement was identified as
one of the most critical problems for a regional center to
overcome. Numerous groups in any region will have developed
techniques and procedures over the years that are nearly sacred.
The pride-of-authorship syndrome elicits extremely strong defense
when questions by an outside group are asked.

The OTIS staff did carry on two five-day seminars for
school superintendents. During the seminars, as much informa-
tion as possible was disseminated to local district superinten-
dents to acquaint them with the O0TIS effort and overcome or
adjust to some of their reservations about the project. By all
measurable standards the seminars were considered a success
and did result in some modifications in the services offered
by OTIS.

At the present, OTIS offers a wide range of services to
the 22 member school districts. A district subscribing to all
the services offered by OTIS pays around $9 per month for each
student in the district. This figure is expected to be sub-
stantially reduced as the system expands to more schools.

Mr. Bennett states: "Questions to be considered in the
development of a regional center are for the most part pcliti-
cal in nature." A few guestions to be answered follow: Are
the local boards and educators in the region willing to
accept change? Able to make so0lid commitments? Willing to
work and share with others? Capable of supporting and pro-

tecting a new supplemental stalff that normally does nou have
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teaching credentials, but will probably receive higher average
wegaes and increases than fhe certified staff<?

wwery school. district should be making plans for incressed
computer use. There is no magic way to get the data—-processing
products needed to run a modern, responsive, educational insti-
tution. Increased needs for computer services, coupled with
the complexities of current information systems and the
scarcity of qualified compuber personnel, makes the regional
data center a must for all schools with less than 100,000

students within five years or less.l

Computer Assisted Instruction at Stanford

Since January; 1963, the Institute for Mathematical
Studies in the Soci2] Sciences at Stanford University has
been conducting a program of research and devélopment in
compubter ssgisted instruection. Currently, both tutorial and
drill-and-practice programs are in operationlz

Putorial programs include a three-year seauvence in
logic and algebra offered as a supplement or enrichment for
the very bright students in the regular mathematics progrem,
berinning at grade five. Students in Kentucky, Mississipri,
Tennessee, San Francisco and Ravenswood, Californis use

teletyves, cormected by telephoune lines to & computer on the

Stanford camnus. A second covrse, computer based elomentary

1Lowry M. Bennett, "0TIS: Tre Oregon Tot=1 Inform=tion
System," (Mimeosraphed.) Received Aoril, 1970,

2jpa+.7~ick Surves and MVMax Jerren, "Conmiter-Assiated

Instriction at Stanford," Educationai Techrolc~v, Jerusry,
1969, pov. 22-24.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



34

Russian, is offered Tor credit on the Stanford camnus snd
now a second--year course is available. Two tutorial p»rosrems
to teach computer vrogramming were being developed in 1969,
Drill-end-practice programs 2re used for arithmetic
lessons for 3,800 students enrolled in 31 eleﬁentary and
junior high schools. The program is designed to suppl ement
classroom instruction by providing individualized practice on
basic skills and concepts after they have been instructed
by a classroom tescher. A drill-and-practice program in
elementary reading was scheduled to be started by 1970.
A special set of math lessons has becn prepared at
Stanford University to be used by telecommunications for the
Math 111 course for entering freshmen at Tennessee A. and T.
State University at Nashville, Tennessee. IMath 111 is the
first course of a three—course sequence for studernts whe lack
sufficient background to enter the regular calcuvlus scctions
at the wmiversity.
New programs under development are an elementiary math
sequénce. Problems are arranged secuentially by concept.
Each lesson is generated according to each individual student's
performance. A second new program in arithmetic is one which
emrhasizes problem solving. The student will be given z word-
problem statement. The student commends the compuier to verforn:
operations by typing simple statements and endine the last state-
ment with a coloen vhich causes the computer to nerform the
commands. The computer will evaluste the method epplied and tho
answcf computed and will resyrond to the student, indicetine

whether or not his apnlication was correcte.
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Compuler Assisted Instruction in New York City

The nation's largest CAI operation in a public-school
system concluvded its first full year of operation in June
1969. The results indicate a very definite success for eduvca-
tion's most closely watched use of technology:1

The New York City School System used an RCA Spectra 70
computer for a CAT program that served 192 student terminals
in 15 elementary schools in Manhatten, Bronx, and Brooklyn.
About 6,000 students in grades one through six were involved
and the curriculum used was a commercial successor of the
elementary arithmetic drill-and—-practice developed at Stanford
University.2 Response time to any and each terminal was kept
within two seconds. The aversge lesson is ten minuvtes in length,
A high degree of acceptance was indicated by the willingness
of the schools to set up after-school-progrsms from three to
five pem. The utilization rate durins the alter—-school rnrogren
was 70% of the ntilization durings the regular schoel day. An
evening procsram was initiated, through the Bureau of Adult
Education, for foreisn-born students to study FEnglish.

Another activity based on CAI included a2 six-week CAT
course in the BASIC programaing languarse and an intrcduction
to comrubter concenmts given to 80 stuvdents from six Tenh=ttan

[P S e esntad

100]*'1’191:1’.1,19. F. Butler, "“CAJY in dew York City," ]?_g_w_n_i:.aﬁj._gz,ﬁ;g
Pechnolosy, October 1969, pn. 84-87.
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“T, Jamison, P. Sunpes and C. Butler, "kstimeited Costs ¢

Comonter Asaisted Instruction for Comnensatory BEdncation in ihe

Urben -Areas," Fducstional Techrolosv, September, 1970, pn. 49--57.
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high schools. This was accomplished by using remote terminsls

connected to a time-sharing system.

Iniversity of Pittsburgh's Individu2lly Prescribed Instruction

in the Osakleaf ¥lementary School

B e LU NS

The development of the Individually Prescribed Instruction
(IPI) approach involves curricunlum design, test development, and
specification of management procedures.l

The curriculwn is defined in terms of specific objectives
which are groured into clusters called units. The units are
Turther groured into modules for grades one throusgh six rather
than year-long textbook courses. Each student is given place-
ment testing to determine his competencies with respect 1o
each curriculum ares rather than achievement tests which only
determine his coﬁpetencies in relation to other studentz. The
student's placement is entered into the computer based mansge-
ment system. The teacher, with the aid of this system, vlans
with each stuvdent the module he shovld study in the various
areas of the curriculum. The student takes o pretest on the
computer terminal. The results are analyzed by the compub~r,
and it sucgests the unit which the student should study. He
then goes to the department in which he plans to stuvdy the unit
and gets the study kit for *hat vnit. Uron comnletion of the
wnit, the Q%Udent taker a npost-test to determine whether or

ey i St

lwitiism w. Cooclev, "Commuter fasistance for Tndividurlized
Education.” Jonrmal of MAucational Dotn Proccssing, Februsry,
- - "’28 [
1970, pp. 18
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not he has achieved masteryv of the materials in that unit.

If so, he will be advised, by his teacher, with the aid of the
management system, which unit he should go to next. If he has
not mastered the material, he will be advised to study a unit
that will help him overcome his difficulties.-

Individually Prescribed Instruction is envisioned to
ultimately be 2n ideal educational environment in which each
student will be free to learn, to browse, and to follow his
natural curiosity by avoiding the present 1oék—step process

of fixed schedules, final examinations and grades.

SUMMARY

Articles written in the last three or four years about the
impact of EDP on education, experimental projects in Computer
Assisted Instruction and Computer Enriched Instruction, ail
indicate a widevacceptance of the computer as a teaching device
and that students have profited a great deal from its use.

The greatest portion of the experiences indicate that the time~
sharing computer is an important teaching tool, especially with
the use of multinle terminals.

South Portlsnd, Maine, high school princiypal, Keith XK.
Thompson, makes a rather representative statement of the
feelings of a lot of rersons involved with a time-sharing
computer system for instruction: "Students still line uo %o
use the teletyves, and we®ve had to keep the bullding oven
nights, Saturdays, schonl holidayvs, snd during the surrer

vacation to meet the demand for extra commuter time., It has
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been one of the single greatest motivating forces . . . that

I have experienced as a high school princjpal."l

l(eith . Thormpoorn an? fon Yeterlhouse, "The Time-Shari--
Computer: A Teachings Tool,* The Bulletin, (fiational Asscelia--
tion of Secondary Scheol Princinals, Febrursry, 1970), w. 91.
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CHAPTFR TV
TECHNOI.OGY OF ON-LINE TINE-SHARING

With the development of electronic datas-nrocessing systems,
it hecame spparent that existing telephone and telepravh facilities
could be utilized Tor the purvose of sending data to a central
roint for processing. Targe volumes of detailed information,
Tormerly delayed by distance or weather conditions,; could now
be transmitted, proéessed, and the results returned immediatelw
This is data communications.

The height of‘teohnological achievement occurred when infor-
mation in storage could not only te sccessed rendomly but aleo
transmitted between a geographically remote terminal end a
centrally located comnwuter. This is accomplicshed by use of
private cabling or utilizing leased cr dial wp lines nrovided
by common carriers.

The on-line linkage iwmplies direct zccess between the
peripheral device and the central processing unit. Dat=a
transmission talkes place without intermediate handling or stor-
are of the data and is handlad with s remarkable degree of
accuracv. JTFf an error is cszused by communication link failuve,
the eguipment can detect the error and retransmit that portion
of the data that cortained the error. The most fresvent czuse
of error in data—communication systems is owverator ervor 2t

Men e the onlyv intellectv=]l v2rt of the
39

the poirt of innut.
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system and he is also the only emotional part of the system.
The accuracy of the input procedure is closely related to'
whether the input person feels that the data is being usefully
applied somewhere. The more the individuzl understands the
system and its usefulness, the lower his error rate because

of his increased interest.l

PRINCIPLES OF DATA TRANSMISSION

Basically, data transmission iz the moving of data from one
point to @nother. TIn theory, the process c¢sn be broken down
into five stages, each of which can be represented by a physicsl
compenent (see figure 1).

First there must be a device (encoder) which osriginates a
bit code sign=2l (2 signal which transmits bits, the smallest
unit of information in & binary system, in coded srrangement
such that 2 controlled groun of five or eight bhits make ur a
character). The bit code scheme must bhe compatible with the
eounipment 2t the destinmtion of the data. IFf this sisgmal is
not the same a2s that used by the transmission medium (e.z.,
the telephone system) it is necessary to utilize a modem or
data set to modulate the signal to enable it to he frens-
mitted by the common carrier Tacilities.

The transmission medium is a wire or wires energized by
current. The process of modulating this medium is accomplished
when the modem alters the current flow which creates pulsas on

tan ek s ¢ B = e Y % ™ e e~

1David Foster, Automatiocn In Practice, (London: DMNcGrav-

Hill Puvblishing Commeny Tamited, 1968), p. 120.
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the Jine. The rate at which binary states can be modulated to
produce line signals is dépendent upon the banéwidth (the range
of fregquencies available for sending signals, expressed in
cycles per second) of the transmission facility. Roughly speak—
ing the greater the bandwidth of a facility, the greater the
rotential bit-per-second transmission rate. Voice grade faci-
lities, for example; have a range of approximately 3,000 cycles,
capable of up to 4,800 bits per secoﬂd transmission. To reach
this upper 1limit rate, it is necessary to have a leased, condi-
tioned line (conditioning is the adding of equipment to the
line to bring its performance within limits for hisgh speed
‘data trsnsmission). Sub-voice grade facilities have a trans-
mission rate of up to 200 bits per second and wideband Tacili-
ties have capabhilities of up to 500,000 bits per second
transmission.l
To transmit data, one must decide whzit mode of transmission
is desired or necessary for the tyve of components used in
transmission. The.mode of transmisgsion is classified by deter-
mining if transwission is to be in one direction only or in
both Airections st the ssme time. T it is the latter, will

the compenents trensmit in both directions =t the seme tima®?

[

The mode of transmission lines is classifiesd as sinpler, half-

duplex and full-duplex (see Tigure 2) .

Simplex lines are capable of tronemiscion in one direction

onlve.

Lyemes Martin, Telecommmications mnd the Gormuter,
(Tmnelewood CLiffe:  Prentice-H=11, ne., 1879, . G6.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FIGURE 2
TRANSMISSION LINE MCDES

SIMPLEX - HALF DUPLEX -~ FULL DUPLEX
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(TWO DIREDTIONAL TRANSMISSION--NOT SIMULTANEOUS)

FULL DUPLEX

(TwO DIRECTIONAL TRANSMISSION-~SIMULTANEOUS)
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Half-duplex lines cen transmit in either direction, but
only in one direction at one time. |

¥Yull-duplex lines can transmit in both directions concur—
rently. One full-duplex line is thus equivalent to two simplex
or hali-duplex lines used in opposite directions.l

Simplex lines are not generally used in data transmission
because, even if the data are only being sent in one direction,
control signzls are normaliy sent back to the trarnsmitting
machine o tell it thétvthe receiving machine is ready or ia
receiving the data correctly. Commonly, error signals (rpositive
or negative acknowledgment) are sent back so that there can be
retransmission of messages damaged by communication line errors.
Mapny date tryensmission links are half-dupley lines. This allows
control sigmals to be sent and two-way "conversationsl" trans--
mission to occuvr. On somes systems, full--duplex lines can give
move officient use of the lines at little extra line costs.
A Tull--duplex line often costs little more than a half-dunlex
line. Data transmission machines which can teke full advantace
of Tuii-~dunlex lines are movre expensive however, thon those
which vse half-duplex lines. Half-duplex tTravsmission is there-—
fore more common at rresent, though this misht well chenge.

The auvesztion of whether a line can supnort treusmission
in both direntions 2t the same time or not, will denend on the
speed Cesireﬁ snd on whether it is a two-~wire or fouwr--wire line.

The circuit from your telephone to the locel telcophone excharce

1*meos Mertin, Tel enrocesnin~ Netvorlk Croerniv {tion,

(Fingl ewood Cliffs: Frentice-fiell, Inc., 1970), r. &.
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is usually a two-wire path, that is, only two signal-carrying
wires leave your telephoﬁe. A two-wire telerhone circuit can
generally be used in a half-duplex fashion and a four-wire cir-
cuit can always be used in a full-duplex fashion. It i1s possible
to use certain two-wire circuits in a full;duplex manner if
they have an appropriate arrangement of amplifiers. To do so
needs a special modem, and the maximum speed obtainable would
be less than with a four-wire circuit. The specifications of
data sets, which connect a data-handling machine to the line,
state whether they operate in a half-duplex or full-duplex
mannier and whether they need a two-wire or four-wire circuit.

A wide variety of technigues exist for controlling the
flow of characters on the line. A variety of different machines
are available to connect the trancmission facilities to the
computer or other data processing equipment.

Some machines use parallel transmission, which uses
eight separate paths or lines between the same locations, to
convey eight-bit characters parallel by bit. This can reduce
terminal time costs, but where the paths are physically
separated it must be for short distances or the line costs
will overshadow the savings in terminal costs (see Tigure 3).

Parallel transmission may be eplit over ocne physical path
by using different frequencies for each transmission path. In
this method, transmicsion is split according to the number of
bits in the characters. ©Cne Frequency is used for each bit. On
the transmitting end, the modulating equipment must send cne bit
at each Ffrequency. The receiving end reguires demodulating

equipment compatible with that at the transmitting end in ovder
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EIGHT LINES TO TRANSMIT AN EIGHT-BIT CHARACTER PARALLEL BY BIT

DEVICE

( ENCODER) VCDEM

-

FIGURE 3

PARALLEL TRANSMISSION

)
i

|

W

\

MODEM

+ O 4+ o+

These eight bits equal one character, the number n5n
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to return the bits to the original bit schemsg, and reconstruct
the character (see figure 4).

Start-stop transmission may transmit five bit characters
or eight bit characters. 1In each case a character is preceded
by a start bit which is a "space" that activates the clocking
device in the receiver. Tﬁe clecking device measures the bits
in the charécter and 1s able to determine the end of the charac-
ter by deteccting the steop bit, which is a "mark" (usually 1.5
to 2 bits in length in order to differentiate it frem a
‘character bit) (see figure 5).

Regardless of the line type, transmission mcde and ceding
technique, as the modulated carrier current is received at
its destination, another modem must be utilized to demodulato
the transmitted.éignal into its original bit code schen: wrich

will be acceptable to the receiving device (decoder).
COMMUNICATION FACILITIES USED IN DATA TRANSWIISSION

Generally speaking, the state of Montana 1is served with
a vast interconnected grid of electrical channels or communi--
cation circuits over which one can cend voice, data or other
signals. Most any point in the state can be connected to any
other point in the state by these circuits. The siznal may
travel the shoertest distance between the two poinits by a very
direct route or it may travel an cxtremely round-abtout route
which may be many times longer. This depends on the lozd on

. . . . 1
the network involved when the call is dialed. (see Tigure 6).

lyiitliam A. Gilbert, Traffic Chief, liountain Bell Tele-
phone Co., in telephone interview, I'ebruvar;, 1971.
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'FIGURE 5

START-STOP TRANSMISSION
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The physical path over which the information flows is not a
matter of concern to us as long as the voice or data arrives
at its destination in good form and the cost of the trans—
mission is no more than when it travels the shortest route
possible.

There is some concern about communicetion facilities in
the more densely populated areas such as New York; Phoenix,
Arizona; Nichols, Virginia; and San Jose, California; to list
a few who nave indicated a shortage of communication facili-
ties.l This may cause a crisis in data communications in
these arecas, but will not have a bearing ¢n a sparsely popu-—
lated state like MOntana.2

There are two major types of facilities available to the
public., The “diai—up" serrvice which uses any available net--
work of switching and transmission facilities in order to
access the second point or number. This may be a short,
direct circuit or a round-about circuit as mentioned above.
The charge for the dial-up type of facilities is generally
based on a charge per minute, or time used basis. The second
ma jor type of facilities is called private-line, dedicated-
line, or leased-line services. This type of facility uses
customer dedicated or reserved switching and transmission
facilities in accessing the second point or number. In this
case the circuit used between the same two points 1s always

the same circuit, usually the shortest route possible. The

1"Crisis in Data Communications," Coxnouter Decisions,
November, 1970, pp. CL1-CL6.

°Gilbert, op. cit.
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cost of a private line is charged per month on the basis of
airline mileage between points, regardless of the amounf of
use. Bach type of facility is subdivided further into several
service offerings. The services are categorized according o

their speed of transmission.

Low—speed Transmission Dial-up Facilities

TWX. TWX (an acronym for Bell System Teletypewriter
Bxchange Network) is a dial-up service which uses the tele-
phone exchange network, but does not utilize the higher bit
rate potential of the voice-grade lines. It is a low-speed
service which uses teletypewriter equipment that operates at
from 45 to 150 bits per second. The teletypewriter eguipment

must be leased from the common carrier.

Medium-~speed Transmission Dilal-up Facilities

Medium-speed dizl--up facilities are offered by the Bell
System in the form of four packages: Direct Distance Dial-
ing, Foreign Exchange, Inward WATS, and Cutward VATS scrvice.

Direct Distance Dialing (DDD). This is the same service

used for the direct-dial voice communicaticn, and vrovides half-
duplex data exchange service over normal voice grade circuits.
The charges are the same as for station-~to-stationm viice trans-
mission, and are based on & combination of call durztion, dis-

tance called, and originating time of the call, with a three-

minute minimum.,

Foreign Exchang® ('X). &u FX line is ons tret runs fron

your telephone to another city and terminates in that city's
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local telephone company's central office. It is comnected to
a local trunk line and aésigned a local number for that city.
You are then able to dial numbers in that city or receive calls
from there as if you were within that city. The cost of FX
service is the same as the cost for a privaté line telephone
service of s0 much per mile, per month, plus a service charge
at the customer end, and a local business line charge in the

distant city. (see figure 7).

WATS (Wide Area Telephone Service). WATS is a way of

obtaining DDD calls from the Bell System at a fixed monthly
rate for a particular area of the country. WATS is available
on both interstate and intrastate basis. A WATS line is really
only a trunk line from the customer's premises to the local
telephone exchange office. PFrom the telephone exchange office,
to the destination of the call, the impulse travels over
regular voice grade dial--up lines. In the area covered by

the WATS service, an unlimited number of long distance calls
may be made, providing only oune call is placed at a time. If
two simultaneous calls require WATS service, two WATS lines
are necessary. There are two basic forms of WATE lines called
INWARD WATS and OUTWARD WATS.

Inward WATS. Inward WVATS linc service may be purchased

monthly and used full time, 24 hours a day, or purchssed

=3

I

monthly and used on measured time, which is 15z hours monthly

usage service.l If over 15% hours are used, each additional

—

lgerry Trent, Marketing lanaser, Mountsin Bell Telephone
Co., in telephonc interview, Februvary, 1271.
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FIGURE 7
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fraction of an hour over that minimum is charged for as an
additional full hour. On an Inward WATS line, anyone within
the geographic limits of the leased WATS area may make a call,
without charge to them, to a specific WATS number at ihe
customer's premises. The customer may only receive calls on
an Inward WATS line, but once the comnection is.established,
the flow of data or communicaticn is in both directions.

Outward WATS. Outward WATS lines are available on the

same basis as Inward WATS lines: full time, 24 hours a day
service, or measured time, 153 hours monilhly usage service.
Charges for Outward WATS and Inward WATS are on the same
scale. The Outward WATS line can be used only to genecrate
calls to any number in the geographic limits of the leased
WATS area. Data‘énd communications can flow in both
directions once the connection is established. About the onliy
time you can save money with a measured time WATS is if the
calls are numerous and extremely short, thus circuwventing

the three-minute minimum charge encouniered by wusing DDD

service,

High-Speed (Widebsnd) Dial-up Facilities

The offering of high-speed, dial-up facilitieg is limited
and has been inhibited in its growih becausze of the comnlex
problems experienced by the common carriers in switching
circuits in excess of three or four kilocyecles. Alsc, terminal
vendors are uvnderstandably uwawilling to manuiacture terminals

for which lincs are not always available. There are sonme
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indications though, that dial-up wideband service will develop

rapidly in the near future.’

Private-I,ine Facilities

The bLandwidths of these facilities do not vary much from
those used in the dial-up facilities. Because they are
“"dedicated" facilities (a single common carrier cuctomer is
the sole user of the facility throughout the month) ;they are
more amenable to special modification and consequently
capable of higher and more accurate bit rates. Additional
charges are made per month for conditioning private-line

facilities.

Low-Speed Transmission Private Line Facilities

Series 1000. These services uss private line tele-

typewriter grade facilities. They are called the Series
1000 service in the Bell System. The higher the series number,
such as Series 1006, the higher the bit per second transmission

rafe, up to 180 bits per second.

Medium—-3peed Transmission Private Line Farilities

Series 3000. Medium-speed, private line facilities use

voice grade lines dedicated to the custowmer. The Bell System
calls these the Series 3000 service, with upper 1limit capa-

bility of 2400 bits per second.

liyrnest Heau and Donald McNelis, Principles of Dota
Comnunications for Professional Programuexs end Systeus
Analysts, (Computer liethocs Corporation, LS00}, p. 3J.
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High-Speed Mransmigsion Private Line Facilities

ceriecs 5000 or THELPAK C and D. Wideband facilities

(greater than 2400 bits per second) are available, but are
extremely expensive, with only a few terminsls available or
the market to use with these facilities. The Bell System
calls this the Series 5000 service or TELPAK C and D. TELPAX
C is capable of transferring up to 250,000 bits per second
and TELPAKXK D is capable of transferring up to 500,000 bits
per second when these facilities are widebanded.

Series 8000. The Bell System has another high-spced

facility called the Series 8000 service. It is used
exclusively for data transfer and is capable of a transfer

rate up to 50,000 bits per second.

Dial-Up Versus Privatc-Line

The choice betwcen dial-up and private-line services
for data transmission, is primarily a matter of which ser-
vice will do the specific task satisfactorily and ai the

most reasonahle cost.
COMPUTER REQUIREMENTS FOR ON-LINE TIME-SHARING S5YSTLeS

The general idea of an educationszl time-sharing system is
to establish a system that can serve any educators and stu-
dents and do all types of work, including accepting user
supplied programs.

Just as every type of on-site input/output device needs
some form of interface circultry, (the connectinz 1link tetwezan

the input/output device and the central procesgsor, allowing
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that device to exchange data with the central processing
unit) so does a data communication device regquire some means
of interfacing with the central processor.

Data communications configurations fall into three
categories, depending on the arrangement between the communi-—

cations interface and the central processor.

Stand-Alone Communications Configuration

In this type of configuration the processor is usually
one that was designed to handle a specific set of communication
facilities and terminals. All of the interface circuitry is
built directly into the computer. The computer has a stored

program for communications as well as computing capabilities.l

Front-End Configufation

In this type of configuration there is a division of
services between the “"front-end" or satellite computer and a
host computer. Normally the front-end computer 1is responsible
for handling the input/output activity, including data communi-
cations. 1In addition it serves as a buffer of data and may
even be used to perform some pre-processing or post-processing
while the host computer performs the major computing service.
By dividing the workload between separate computers, ecach per-
forming its specialty, it is hoped a more rapid response and

guicker tuvrn-around time can be achieved.

lErnest Heau and Donald McNelis, Principles of Data Com-
munications for Professional Programmers and Syctems Analysts,
{Computer Methods Corporation, 1963), p. 135.
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In a2 large system, a single front-end computer cail host
several esmaller computers or some systems may involwve two or

more large processors which host many smaller peripherzl pro-

cessors,

General-Purpose Single-Processor Configuration

General--purpose computers normally are not designed with
built-in communications interface hardware. Most general-
purpose computers require the addition of a data communications
interface, referred to as a communications control uait. The
unit is designed by the computer manufacturer to adapt special
line and terminal characteristics to the computer. The control
unit performs functions for both receiving and transmitting
data. On receiving, it will scan communications lines for
data, assemble bits into characters, transfer data to memory,
etc. On transmitting, these functions are reversed, characters
are moved from the memory and serialized into bits for trans-—
mission to the output device.2

Time-sharing is a term used to describe a processing sys-
tem with a number of relatively low-speed, on~-line, simultane-—
ously usable stations.3 There are two multiprogram execution
techniques called Multiprogramming and Time-Sharing used %o

handle these on-line stations or terminals. Even lhough both

lbida., p. 136.

°Ibid.

3Dona1d H. Sanders, Comnputers In Busiress, (ilew York:
MeGraw-Hill Book Company, 1903), p. 47.
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techniques accomplish processing of multiprograms "simultane-
ously" with one central processor, therc is a significant

difference.

Multiprogramming

Multiprogramming is a technique of processing two or
more unrelated jobs or programs "simultaneously." Actvzlly
the only simultaneity consists of the central processor
unit (CPU) working on a segment of the program of highest
priority until the CPU encounters a low-speed operation,
such as reading in more data, then the CPU would swap this
program into secoﬁdary memory. It would then swap out of
secondary memory eanother program, of next highest priority, into
the CPU and would process on this programm until the low-
speed operation'of the first program is compieted. As soon
as the low-speed operaition of the first program is completed,
the CPU will swap the second priority program into memory
and swap the first priority program back into the CPU for
additional processing, until completed or until the CFU
encounters another low-speed operation, at which time it would
repeat the swzp activities. If both first and second priority
programs are involved in a low-speed operation, the CFPU will
swap out of memory a third program of third highest priority
and process on it until one of the other two programs has
completed its low-speed operation. The CYU would now swap

the third priority program back t¢ memory &nd swap thce other

program back into the CPU for procecosing.
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A low-speed operation is performed at about one-twentieth
of the speed that e third generation CPU processes. If only
one program were being processed by the CPU, during a reading
operation the CPU would be operating at about five percent

efficiency or would be idle about ninety-five percent of the

time.1

Time-Sharing

The primary difference between time-sharing and multi-
pfogramming is that time-sharing allocates vredetermined
specific intervals of time for proceszing to the various
programs in rotation, often called "Round Robin.'" The basis
of itransfer of processing from one program 1o the next is
elapsed time rather than order of program priority. Time-
sharing is characterized by multiple users working with the
same computer through remote terminals simulitaneously, each
getting the same share of the computer's time until the
individual's program is completed.

Time-sharing systems permit operation in the so-called
conversational mode, that is man and machine communicating with
each other at a speed set by the man. While the man is ponder-
ing or giving his reply to the computer, the comjuter is serving
other users who are on-line.

To function in a time-sharing system, computer hardwvare

must be fast, have a large memory and be equipped with an

lJoseph Orlicky, The Succeseful Computer Systerms, (INew
York: TeGraw-Hill, Inc., 1959), p. 49.
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interval timer capable of measuring time in very small

increments such as microseconds (wrillionths of a second).1
SUMMARY

Several technological points on data-communications
have been concsidered in this chapter. There are many
possible ways of designing an on-line, time-sharing computer
system, using a variety of combinations of mechanical compo-
nents. It is important that a person understand the expected
operational regulrements of the system when he proceeds to

design it so that he will select the most desirable combina-—

tion of components.
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CHAPTER V

A STATE-WIDE EDUCATIONAL ELECTRONIC DATA PROCESSING SYSTEM

Montana schools have not invested an abundant amount of
money or effort in developing Llectronic Data Processing (EDP)
for any phase of education. Observing the demography and geo-
graphy of the state, it does not seem likely that very many
of the schools will make much progress on their own to prcvide
EDP 1in education.

Many authorities in business, sociology, education and
other fields predict that EDP is going to have a tremendous
direct or indirect effect on every person in society. They
further state that any education system worth its ezistence
will provide for EDP education. Planning now for a state-widco
Educational Electronic Data Processing (EZTP) system appesrs
to be the only likely way to prevent degradation of future
education in Montana. It seems extremely important that we
pian an BEEDP system that currently appears to be a "pie in
the sky" type vision. The ultimate gcal should be an ZEDY
system that will provide for future expansion and accoxmolate
Computer Assisted Instruction (CAI), Computer Based Instiruction
(CBI1), Computer Enriched Instruction (CEI), Individuvally
Prescribed Instruction (IPI), computer appreciation and niiliza-
tion, a comprehensive total information system, research zund

simulation capabilities for educational adminisiration
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and management, uniform accountability, report generation,

problem solving, custodial processing, and finance budgeting
and accounting.

Planning one large state-wide, on-line, real-time, time-
sharing EEDP system, accessible to all schools and the State
Department of Public Instruction, will make it possible to
develop a system that can eventually attain the ultimate goal.
Experienced personnel in educational time-sharing systems
state there are various problems to be considered in planning
and developing a time-sharing system. Educators are typically
hesitant to éccept change in the traditional education system.
Administrators and management are skeptical of innovations
that may infringe upon the autonomy of their organization;
and,; especially so, if the infringement is from someone not
in authority. They are reluctant to making a soiid commit-—
ment of finances for such change. These attitudes have made
it difficult to get cooperation for the development c©i some
computer cooperatives. The development of lccal or regional
installations without strict rezulations of conformity end up
in a conglomeration of systems that defy Qoordinatian. All
of these experienced problems can be overcome by the development
of the suggested EEDP system that would be located at and
under the management of the Montanz State Department of Public
Instruction.

Development of the EEDP system should be planned ror comple-

tion in phases, keeping in mind the goal of the ultimate system.
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The first step in planning any system is to understand
its information handling'requirements. The backbone of the
state-wide EEDP system will be the research and planning of
the total information system. The development of data files
for personnel, students, curriculum, propeft& and fiscal
records, as recommended by the U. S. Office of Education,
will first require a detailed analysis of school records,
reports generated, and information used in making current
decisions. From this analysis will be determined the very
basic data used in the operation of school systems. The next
step will be to determine which of these data and any additional
data will be used by the State Department of Public Instruc-
tion. When we know what data are necessary for the total
information system, we must establish uniform reporting pro-
cedures. By following uniform reporting, only one record of
a bit of data need be kept, regardless of the number of files
or programs it may be used in, as all data {files of a school
system will be interactive. Each school gystem and the State
Department of Public Instruction will be assigned a portion
of the compuber storage which will have file protectiocn;
limiting access to it by authorized terminals only. The
school may also want to use this portion of storage for user
oriented programs and any additional data storage desired by
the school system. The data used by both the State Department
of Public Instruction and the school will be stored so that 1t

is accessible by both the Department and the school.
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Because many of the basic operations of the schocls in
the state are the same, it will be possible to provide pro-
fessionally prepared uniform programs for many school services.
These will be stored in such a manner that they will be acces-
sible to any terminal. Xach school system‘will be able to do
processing for itself by usinga uniform program from the
pProgram library, data from the total information system and
variables supplied by the local user through use of his
terminal and telecommunications. |

Determining the capacity and capabilities of the hardware
needed is a difficult task. The central processing unit for
2 time-sharing system must be fast and have a large core
storage with capability of utilizing a large amount of on-line
storage to be added as needed to accommodaté‘growth in the
EEDP system.

Development of the EEDP system may require several stages
of expansion. This can be accomplished quite smoothly by
selection of hardware that has expansion capabilities and
would be compatible with larger models of central processing
units. During the debugging stage of the system, it will Dbe
necessary to have a few pilot schools, from around the statle,
on—-line in order to be sure that the system does what is
intended (see figure 8).

After completing the debugging stage of the system, it
will be necessary to add a considerable azount of on-line
storage to be able to assign a portion of storage to each of

the schools as they begin to become active in the systen.
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It is not anticipatced that every school in the state will
become actively involved in the system as soon as it is ready
for operation. However, it would be desirable to have data
flowing from all schools into the total information system in
order to provide the State Department of'Public Instructicn
with instant access to the information it needs for projecting
and guiding the future of education in the state. To provide
this information, each office of county superintendent of
schools would be encouraged to install a terminal for the
purpose of transmitting data to the total information system,
along with having the terminal accessible to those schools
in the county who do not have & terminal of their own (sce
figure 9).

If the system reaches the point where one centrgl computer
cannot handle the demand, due to heavy usage or the additioa
of services such as CAI, CBI, IPi, etc., & decision will
have to be made whether to add additicnul cowputers to the
center or add regional computers connected to the central EEDP
facility by a high-speed communication link (see figure 10).

A system that would integrate regional computers into the state-
wide EEDP system would connect regional computers to the ELDP
system in a way that would permit schools in the region to

use the regional computer for services that could be processed
on the smaller regional computer. Uniform programs from the
program library and data from the total information system
could be accessed to the regional computer for processing.
Programs and services that would be too large for the regional

computer would be automatically transferred to ithe central
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EEDP facility. Data that were intended for the total infor-
mation system would be transferred to the central EEDP facility
as a result of a directive statement in the input format.

Regional time-sharing compute~ systems of similar desi-n
and service, report the cost to participating school districts
to be up to nine dollars per student each month. It is estima-
ted that the per student cost to the school district in the
Montana state-wide EEDP system would be in the lower cost range,
because of the participation of the State Department of Public
Instruction. This savings would arise fromn the minimigation
of duplication of effort in the area of educational administra-—
tion. With a regional computer system operated separately from
the computer system of the State Department of Public Instruc--
tion much of the same sdministrative date must be handled in
both systems.

In-service programs and seminars will be necessary to
encourage and insitruct teachers, administraiors, and educaitlion
managers in the utilization of the time-sharing system to
satisfy their needs in a modern education program. RBEACT, an
acronym for Relevant Educationail Applications of Computer
Technology, is a series of training packagec developed by
the Northwest Regional Educational Laboratory for the pur-
pose of demonstrating ways the computer can be used in school
administration and instruction.l The training packzges pro-

vide hands on experience with computers by using a standard

1"REACT," Northwest Report, (Northwest Regional Bduca-
tional T.aboratory, December, 1G670).
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telephone to connect the teletype to a computer. They will
familiarize administrators and teachers with applicatioﬁs
currently in use as well as those which are likely for the
future.

The first course in the training package is an intro-
duction to electronic data processing for administrators and
teachers and covers orientation, introduction to computers,
and computers in education,.

The second course for administrators examines the concept
of data management systems, and administrative applications
are explored. There is a third course for administrators
who wish to investigate implementation of computer based
applications.

The second course for teachers is composed of application
units for various subject areas. At the completion of course
two, teachers should have developed skills for selecting and
writing similar units in their subject area. Ccurse three
for teachers is intended to further refine those skills
developed in course two.

The future use of REACT by the Northwest Regional Iduca-
tional laboratory fits nicely into the state-wide EEDF system.
The materials will be used by laboratory staff in conducting
treining sessions for key personnel from state departments
of public instruction and universities. They, in turn, will
prepare teachers and administrators to utilize the instruc-—
tional units to conduct workshops in local schools. The

units are largely self-instructional.
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A few Montana schools are fortunate enough to have a
staff member who has a degree of expertise to direct or

assist in the difecting of the EEDP system in their school.
SUMMARY

A complete computerized total management information
system for the State Department of Public Instruction and
the schools of Montana reguires that information from every
school be entered into the system's files. An on-line, time-
sharing computer system that will accommodate the total
administrative information system can be easily expanded
to provide educational services such as, attendance and grade
reporting, fiscal accounting, class problem solving, etc.

Designing the EEDP system to be developed around one
large central cémputer system is technically possible, but
it may be more economical to develop regional computer centers
in conjunction with a smaller central system.

A very important part of implementing the EEDP system
will be the in-service training programs and seminars
necessary to stimulate instructional and administrative

interest in utilization of the system.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Every student, at some time between grades one and
twelve, should be taught a basic understanding of electronic
data processing and that every person in our society will be
affected in some way by the computer.

Whether he is college bound or a terminal student, each
student can best be instructed in, or made aware of, the
capabilities of the computer by experiments in programming
a computer. This requires accessibility to a computer by
each student.

Making a computer accessible to every student and every
teacher in the state of Montana can be accomplished economically
only by a state-wide, on-line, real-time, time-sharing system.

Education administrators and managers of most schools
in Montana could most fully utilize computer power by parti-
cipating in a time-sharing, total informwation system and using
professionally prepared programs from a time-sharing computer
program library for services common to &ll schools in the
state.

Persons who have been involved in the development of

rvegional time-sharing educational electronic data processing

14
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cooperatives, express as common problems: +the reluctance of
administrators to recognize the potential of the computer,
their skepticism of innovations, and hesitancy of commitment
to finance such change.

A comparison of the regional time—shéring educational
electronic data processing cooperatives that have been
developed independently, discloses very little conformity,

coordination, or compatibility among the regional systems.

Recommendations

It is recommended that:

A definition be prepared of the present status of the
data processing facilities in all the schools and the State
Department of Public Instruction.

A formal study be made of the computer power requirements
in all schools in the state and the State Department of Public
Instruction.

A coherent plan be designed for moving toward the envi-
sioned total system. This should include an investigation of
financial sources and the economic feasibillity of implementing
the plan to meet the needs of students, teachers, administra-
tors and school managers, and the State Department of Public
Instruction.

The Montana State Department of Public Instruction should
consider providing the leadership in organizing an LEDP
advisory committee for study, development, and control of a
atate-wide, on-line, time-sharing EEDP system. The EEDP

advisory committee should consist of representatives from ihe
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Montana FTducation Association, the LMontana Association of
School Administrators, the Montara Ascociation of Seconaary
School Principals, Montana Stzte Depariment of Tublic Instruc-
tion, Montana School Boards Association, 2nd every classifi-

cation of Montana school districts.
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