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FREFACE

COMPUTERS IN EDUCATION: A YEAR LATER

A little over a year ago, CEMREL and the state departments of education of
I1linois, Kentucky, Missouri, and Tennessee, organized ia symposium on the
educational uses of computers. Approximately 125 educaf:ors attended the
meeting, which was held at the University City High School on February 13,
1968.

Our four invited speakers discussed a wide spectrum of applications:

Dr. Ellis spoke on administrative and counseling uses; Dr. Schure on com-
puter management of instruction; Dr. Lykos on student programming and
problem-solving; and Mr. Bright gave a tutorial on third-generation com-
puters.

We regret the delay in publishing these proceedings. The quality of the
tape recordings made during the symposium was very poor, and the trans-
cription of them into reasonably verbatim transcripts was a long and arduous
task. Also, some speakers decided to revise their talks, so that only

Dr. Ellis' and Dr. Lykos' papers remain essentially verbatim. However, we
hope these changes have improved the readability and intelligibility of the
material.

The arrangement of papers follows the sequence of the symposium. There is
a section for each speaker, set off by a colored divider. Within each sec-
tion is a speech, a discussion, and an appendix (where the speaker supplied
additional material).

We hope that you will find the published proceedings helpful in planning how
computer science and technology may best be utilized in your institution.

One result of the symposium was the starting of a project in computer 1lit-
eracy by CEMREL. Under our auspices, twenty Tennessee teachers were trained
at the Illinois Institute of Technology during the past summer in an inten-
sive workshop emphasizing IITRAN, a fast, low-cost, student-oriented
programming language. Dr. Donald Thomsen and Dr. James Winter, CEMREL assis-
tant directors responsible for program offices in Memphis and Nashville,
respectively, had the operating responsibility for this project.

A number of these teachers have organized computer courses in their high
schools. Because the greatest interest was shown in the Nashville area, a
number of attempts were made by Dr. Winter to obtain access to a local com-
puter which could support the IITRAN language. However, he finally had to
install a Teletype in the Nashville CEMREL office and process the student
programs via dial-up telephone on the IIT computer in Chicago.

Despite these difficulties, a number of schools have made significant prog-
ress in organizing courses in computer literacy. Details of this project
will be made available in a forthcoming CEMREL document.




e TR T TR AT T e R T A AR TR T T AT T T e
SV T T TR RN T W T =

ACKNOWLEDGMENT

There are a host of people who helped me in organizing, holding, and pub-
lishing this symposium. Foremost are oux four speakers, who covered a great
deal of ground in a short time: Dr. Allan Ellis, Dr. Alexander Schure,

Dr. Peter Lykos, and Mr. Herbert Bright.

The state departments of education for the four-state region which CEMREL
covers were cosponscrs of this symposium. They were represented by the heads
of their data processing facilities: Mr. Charles Bratten from Kentucky,

Mr. Donald Norwood from Illinois, Mr. Charles Pullen from Tennessee, and

Mr. Jack Roy from Missouri. We appreciate their cooperation and interest in

making this symposium a success.

Special thanks are due to Dr. Mark Boyer and the University City High School
for their hospitality.

I alsc want to thank our sizeable and articulate audience for tneir partici-
pation. All attendees who signed our register are listed in Appendix I.

For CEMREL, I would like to acknowledge my debt to Dr. Wade Robinson,

Dr. Donald Thomsen, and Mr. Andrew McCormick, who, with me, dreamed up the
idea for this symposium and helped carry it out. Also, I'd 1ike to acknow-
ledge the help of Dr. Boyd Carter, Dr. Earl Morris, and Dr. James Winter of
CEMREL's Program Offices, who saw to it that the symposium had both regional

and national representation.

I'd also like to thank Mr. Glen McAlister and Mr. Dan Magidson for their help
with facilities, and Mrs. Verna Smith and Mr. James Dean who shared with me

the seemingly endless chores of editing.

Our willing staff of secretaries helped in numerous ways, especially

Mrs. Charlotte Hayden, Mrs. Stephanie Macks, and Mrs. Leslie Osborn. In par-
ticular, I am grateful to my present secretary, Mrs. Susan Keck, for being so
patient with the endless corrections and retyping which were essential to the

successful publication of this symposium.

Herbert Ohlman
May 1, 1969

ii




TABLE OF CONTENTS

Welcome: Mark Boyer .
General Introduction: Herbert Ohlman

Multistate Educational Data Processing: Allan Ellis
Introduction c o o s = o
Speech

Discussion .« e e e s e e s e e
Appendix: An Introduction to ISVD

Computer Managed Instruction: Alexander Schure
Introduction
Speech
Discussion . e e e s s e e e e e e s e
Appendix: NYIT Transitional Physics Course .
Operation Compu/Tel -- Remote Use of Computers by High
School Students: Peter G. Lykos
Introduction « oo e

Speech . .
Discussion

Appendix: A Report on an Established Regional Program

of Computer Support for Secondary School Computer
Education .

Educational Computer Utilities: Herbert Bright
Introduction . . .« « ¢ ¢« « o ¢ ¢ o o o
Speech
Discussion

Closing Remarks: Herbert Ohlman .

Appendix I: Symposium Attendance

iii

12
21

31
32
49
51

58
59
71

76

93
94
114
118

119




WELCOME by Dr. Mark Boyer,
University City High School

and

GENERAL INTRODUCTION by
Herbert Ohlman




Welcome by Dr. Mark Boyer, Principal,

University City Senior High School

Dr. Garrison, the superintendent of schools, has asked me to extend greet-
ings to this group this morning, and it is indeed my pleasure to do so. It
is our hope that your conference today will be a very profitable one. If
there is anything that we can do to add to your comfort and convenience
while you are here, please feel free to call upon us.

I would like to say just a few words about the school. Many of you are fa-
miliar with University City High School; we are a school of about 1,850
students. We have the unique distinction of being one of the high schools
in the area that is becoming smaller instead of growing larger. We had an
enrollment of 2,150 and will become as small as 1,800 before going back up
to 1,900. It looks as though our enrollment will stabilize at this point.

We are endeavoring to move in the direction of individualized instruction.
To achieve this goal we are attempting to build a more flexible organization
in which teachers are involved in decision-making concerning class size and
time, curriculum materials, teaching strategies, and other learning activi-
ties.

I hope that while you are here you might take some time to look around the
building. It is an old high school. It was built in the late 20's but you
will see, I think, some things that may be of interest to you. I particu-
larly call to your attention some of the team rooms and the new library.

The architect had the idea of covering a courtyard to provide space for a
new library. I think it would be worth your time to see what can be done by
covering over a courtyard and knocking down a few walls -- the result is a
very attractive library.

The youngsters expect you to be here -- I told them this morning that we
would have a large number of visitors. I asked them to be sure to help you
if they were called upon to do so. Be sure and ask them some questions so
that they won't feel that they are left out. Also, feel free to visit with
some of the students about what they are doing. They will be very interested
in talking to you.

Again, on behalf of the Board of Education, the administration, the staff,
and the students, we welcome you to University City High School. Thank you.




General Introduction -- Herbert Ohlman

CEMREL is cosponsoring this Symposium with the four State Departments of
Education in our region. They are represented here today by

Mr. Charles Bratten from Kentucky, Mr. Charles Pullen from Tenressee,
Mr. Donald Norwood from Illinois, and Mr. Jack Roy from Missouri.

A number of other regional educational labs are also represented. To my
knowledge, there are people here from the Educational Development Center in
Newton, Massachusetts; from the Center for Urban Education in New York City;
from the Northwest Regional Educational Research Laboratory in Portland,
Oregon; from the Mid-Continent Regional Educational Laboratory in Kansas City;
from the Appalachia Educational Laboratory in Charleston, West Virginia and
from the Southeastern Educational Laboratory in Atlanta. We also have guests
from the U.S. Office of Education and from the National Science Foundation.

It is our particular good fortune to have four outstanding speakers on our
program: Professor Allan Ellis of NEEDS and Harvard University;

Dr. Alexander Schure, president of the New York Institute of Technology;
Professor Peter Lykos of the Illinois Institute of Technology; and

Mr. Herbert Bright, president of Computation P?lanning, Inc.

However, before we hear about their pioneering work in this field, 1'd like
to tell you something about CEMREL's interest and growing involvement in
computer technology.

After existing for centuries without computers, why does education need these
incredibly complex and costly tools? Among many reasons that could be put
forth, five problem areas seem to me to merit our immediate consideration:

First of all, the increasing rate of growth of the population -- particu-
larly that portion which is of school age, with their increasing longevity
in educational institutions -- will likely outrun the supply of qualified
teachers.

Second, recent trends towards individualizing instruction demand much more
complex scheduling and materials management than we can cope with by hand.

Third, the complexity of the school and of the society in which it functions
(and this complexity is aggravated by increasing school-district consolida-
tion) demands new management and information tools at all levels if it is to
work efficiently —-- or perhaps if it is to work at all.

Fourth, the ever-growing mass of record keeping and reporting threatens to
overwhelm the ability of clerks and administrators to deal with it.

Last -— but certainly not least -- the growing impact of the computer on
society impels us to give our students a reasonably deep knowledge of what
these intelligence amplifiers (as computers have been called) can and cannot
do: perhaps even more vital to our survival is what they shculd and should
not do.




CEMREL, working with the four State Departments of Education and with the
U.S. Office of Education, intends to devote an increasing effort to bring
the benefits of computer science and technology into this region. Today,
we believe, marks the opening thrust of what we hope will become an area of
unparalleled interest and utility to our schools and colleges.

Our four speakers represent a broad and a deep knowledge of educational com-
puter uses. They will give us a new insight into this much misunderstood
area, and I hope that we will leave the Symposium with our interests whetted
to the point where we will seek out just how we can use computer science and
technology in our varied positions and responsibilities creatively, know-
ledgeably, and wisely.




MULTISTATE EDUCATIONAL DATA PROCESSING

by
Allan B. Ellis
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INTRODUCTION OF ALLAN ELLIS:

Herbert Ohlman: Our first speaker is Professor Allan Ellis. He is director

of Area IV (Research and Instruction) for New England Education Data Systems
(NEEDS), and also assistant professor of education at the Harvard Graduate
School of Education, where he presently teaches two courses on computers in
education. He is also a principal investigator and director of the computer
area of the ISVD (Information Systems for Vocational Decision) project at
Harvard.

Professor Ellis holds a doctorate in education from Harvard, and in his varied
career has been a social studies teacher, a research assistant in statistics,
a research assistant in programmed instruction, and a fellow of the Harvard
Computation Center. He has published many papers on such topics as educa-
tional data banks and content analysis, and McGraw-Hill will soon publish his
new book on computers in education.

Professor Ellis is membership chairman of the New England Chapter of the
American Educational Research Association, and is educational representative
from Harvard Graduate School of Business to the Association of Computing
Machinery.

He is going to tell us about the potential benefits--and hazards--of develop-
ing and operating what is probably the first educational computer center to
serve a multistate region.




MULTISTATE EDUCATIONAL DATA PROCESSING

Professor Ellis:

Grade reports, attendance registers, class schedules, test results, bus lists,
health records, and the like come pell-mell from the school suggesting that
the principal product of school is not as much the educated child as it is
the printed document. These documents are all necessary, of course, if a
school is to run efficiently and properly; but schools, after all, are for
educating children, and it is little comfort that school personnel perform
clerical tasks on behalf of students if in so doing thei:r attention is di-
verted from these same students. Schoolmen know all too well that time must
be found for processing school data and producing reports to students, state
government agencies, school board members, parents, and all the other people
who have some concern or other with what happens in schools. Recognizing,
however. that this time cannot be borrowed from children -- there can be no
paying back —- school administrators have begun to look to the computer for
relief.

And, indeed, this relief has come. Computer programs exist to schedule
schools, assign students to classes, calculate grades and print report cards,
score and analyze tests, and, in general, perform many of the school's ad-
ministrative and clerical tasks. This application of computers is called
education data processing and abbreviated EDP,

Of all the applications of computers to educational problems, EDP is the

least glamorous, appearing dull and ordinary when compared to other applica-
tions under development throughout the country. Researchers at the University
of Connecticut, for example, are testing procedures for grading student essays
by computer; at Harvard a group of professors is developing a computerized
information system for vocational guidance; a University of Wisconsin re-
searcher is exploring, by computer simulation, the mysteries of concept
attainment in children; elementary school students in Palo Alto, California
begin their day with computer controlled arithmetic drills., Exciting, new,
promising, these uses of computers make the more routine education data
processing, however advanced the technology, appear surprisingly conventional.

Yet, unglamorous as it may seem to use computers to figure grades and attend-
ance or to print schedules and class lists, EDP obviously meets the immediate
and considerable need felt by schools to remove burdensome clerical chores

from staff members, whose time with students is too valuable to be shared by
such matters. But, introducing EDP into schools has certain additional values
which, while they may be hidden, are far more lasting; so much so that education

data processing may be, in fact, the most important application of computers
to schools,

One such hidden value of EDP concerns the mysteries, and thus the fears,
which characterize common impressions about computers, Just as earlier men




shied away from fire even as they deified it, school personnel and other
modern men often mistrust and yet wonder at the powers of the computer,
this latest "honor given to mortal men beyond their due.,” It is not sur-
prising that listening to accounts of what computers are has done little
to make the schoolman more familiar with computers or to leave him with
any but an incomplete knowledge of what they can be made to do, for no
amount of telling will doj it is through the day to day use of computers
on familiar problems and in familiar settings that understanding will come.,
By seeing first-hand how computers can be used to solve problems he has
grappled with, even though they be clerical and administrative, the
schoolman will come to learn the lesson which others cannot teach him:
computers are useful, not magical, and are, therefore, worthy of neither
fear nor libation,

The knowledge gained from a day to day use of computers to automate cleri-
cal and administrative procedures is a beginning knowledge. As such it
often leads to a second, nore important value of EDP by affecting the
schoolman's attitudes not about computers but about the educational pro-
cedures themselves. It does not take long for school personnel to imagine
other, new applications of computers, as in the case of calculating grades
and printing report cards where it soon becomes clear that computers can
also produce frequency distributions of grades, or rank students by grade,
or identify students whose grades are too low. These '"new" applications
need not be limited to clerical tasks, of course, but even if they are, they
may lead in turn to notions of how the procedure itself might be altered.

It may occur to a principal, for example, that the calculating ability of the
computer makes it possible to compute student grades which are weighted by
course level or difficulty. (Such grade point averaging, in fact, has be-
come common among schools using EDP.,) This idea may lead to other, more
sophisticated rules for determining or reporting grades, counceivably to the
point where grades or test scores are replaced by computer produced English
sentences much the way Car Helm has described (1966). Thus, as schoolmen
participate substantively in education data processing, they increasingly
come to reconsider the very procedures that are being automated.

Beyond such hidden values, EDP, unlike other applications of computers to
schools, is clean cut., The administrative and clerical procedures normally
automated through EDP are, for the most part, well specified procedures,

Most teachers could provide an accurate, even detailed, description of how
they calculate a student's final grade from first quarter, second quarter,
mid-term examination, third quarter, and final examination grades, and assis-
tant principals or other central office personnel can set down unambiguously
how they figure total days attendance, average daily membership, and the num-
ber of illegal days absence. Indeed, the reason these and similar procedures
are distractions to schoolmen is that they are specified well enough for
someone else to perform them.

With EDP, furthermore, schools can begin automation without making substan-
tive changes to these procedures. Many of them need changing, of course, and
and indeed EDP can be the medium for such change. Change comes gradually and
and is not imposed from the outside, however, since new educational practices
come as results of continued, knowledgeable use of computers. Thus, while
EDP may not appear glamorous and exciting when compared to other applicatiocns
of computers, it is nonetheless the appropriate beginning.

6
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For most schoolmen, however, it does little good to realize that EDP is the
way to begin. An average school system spends as much money a year educat-
ing thirty children as it would spend a month renting a typical computer.
Even smaller, less powerful computers can cost as much as one hundred thou-
sand dollars a year, not including space, air conditioning (required for
proper machine functioning), and general overhead. Computers do not operate
themselves, moreover; operators, programmers, keypunchers, coders, a super-
visor, and, naturally, the involvement of school personnel are all necessary
if a school is to have a data processing center. Recognizing EDP as the
solution to one problem seems to do nc more than pose yet another, equally
perplexing one.

Large cities such as Boston, Chicago, Baltimore, and Cleveland do not have
this difficulty. The number of schocl records thaft must be processed one
way or another in these cities is sufficiently large to warrant the expense
of even the most routine computer applications. Some other communities
such as Shaker Heights, Ohio, or Palo Alto, California, while considerably
smaller, are wealthy enough so that the cost of an EDP installation is not
overly taxing on the school budget, These school systems are unusual, how-
ever, and for the typical superintendent other means must be found if his
school's data processing is to be automated.

Some enterprising superintendents of schools have made arrangements with
local insurance companies, supermarkets, tanks, or other businesses to
"borrow" their computer on off hours for school data processing. Other’
school systems purchase EDP services from such service bureaus as C.E.I,R.,
IBM's Service Bureau Corporation, and even McDonnell Aircraft Corporatlon
in St. Louls.

Another possible solution to the problem of establishing EDP in the schools
without incurring excessive costs, and which is becoming increasingly wide-
spread, is the joint establishment of an EDP center to serve more than one
school system. A recently published book -- already outdated -- by Goodlad,
0'Toole, and Tyler* lists several examples of county and state-wide EDP '
centers formed cooperatively to provide data processing functions for a num-
ber of systems., Prominent among these are the Iowa Educational Information
Center, and the state-wide data processing networks set up by departments

of education in California, Connecticut, New York, and Hawaii.

Of all the cooperatively-formed EDP centers in the United States, one is re-
gional. This center, called NEEDS, which stands for New England Education
Data Systems, was established in 1960 to serve school systems in
Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont.
Two large grants from the Ford Foundation -- one in 1963, another in 1966 --
have made it possible for NEEDS to automate record keeping for more than one
hundred thousand students in New England while keeping the costs to member
schools at the substantially reduced price of $3.50 a year for each student,

Among cooperative EDP centers, NEEDS, as a regional center, runs the biggest
risk of failure. This danger does not concern the center's ability to func-

* "Computers and Information Systems in Education,' Harcourt, Brace & World,
Inc., 1966.
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tion and to bring EDP to schools. On the contrary, NEEDS, as other centers,
does more than any local installation could do to develop such applications.
Centralizing permits the hiring of highly qualified people, the development

of more sophisticated computer systems, and, in general, a wider perspective
on the problems attending the application of computers to schools. But, these
are merely the outward signs of EDP, meeting a particular need of schools, to
be sure, yet doing little in themselves to extend the influence of these
applications. Going beyond mere application requires that schools play the
major part, internalizing EDP so that its potential benefits and hidden values
can be realized. Thus the success or failure of NEEDS, or any regional center
for EDP, depends most heavily upon whether it is a means or an end.

Centers for which EDP is the end degenerate quickly into service bureaus,
offering well itemized services to which individual prices are attached. The
school as the customer may always be right, but it never steps behind the
counter because a service bureau is a business. It may not be a profit-making
business, but it has proprieties -- secrets which it may not consciously keep
but which it goes to no trouble to divulge. Even a data processing facility
within a school system can be a service bureau if it "provides" school per-
sonnel with EDP and does little to clarify for them the role computers can
play in schools. When EDP is an end in itself, schools forfeit their equity,
and what they receive amounts to outside help for which they pay the price of
continued dependence.

NEEDS can be distinguished from other data processing centers not by the fact
that it was the first, or that it is regional, or even that its programs are
in the public domain. Most important of all about NEEDS is that it is whole~-
heartedly a means and not an end. NEEDS extends the notion that EDP leads to
a better understanding of how computers can be applied to education by saying
that EDP is the first step toward creating ''the machinery by which the research
of universities may effectively be related to the ordinary life of school sys-
tems,"* To be sure, NEEDS exists to meet a present need; but, to them, EDP is
very much a beginning -~ an excuse to get to other things. This goal requires
a different relationship between NEEDS and the school systems and, of course,
has a considerable effect upon its organization and its functioning.

One effect this goal has upon the operation of NEEDS is so complete that it is
almost correct to say when a school system joins NEEDS it agrees to provide
data processing services to itself. This seemingly peculiar circumstance

stems from the fact that joining NEEDS means agreeing to participate in NEEDS
and not merely to accept services from it. NEED's point to this, of course, is
that by maintaining an active responsibility for how computers are applied to
their schools, schoolmen forfeit no equity. Far from being customers, schools
become partners, participating in all aspects of the venture.

At the most detailed, day to day level of school participation in NEEDS is the
coordinator, One professional staff member from each of the sixty-rour New
England school systems comprising NEED's membership is charged by his super-
intendent with the responsibility to oversee and coordinate data processing
for that system. Working with NEEDS personnel, the coordinator decides -~

* "Report on the New England Education Data Systems," NEEDS, Cambridge, Mass.,
Nov. 1966.
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often with counsel from other members of his school system's staff -- all
matters of form, substance, and change. When, for example, a computer run
produces a list of schedule conflicts -~ students who could not be assigned
to classes because of some difficulty either with the school schedule or
with the students' course requests -- the coordinator examines the "output"
and determines what changes are to be made to accommodate these students,
While he works closely with NEEDS personnel, it is he and not they who de-
cide. You might say, the coordinator is a NEEDS staff member although he
functions more like an ambassador in his embassy who, while situated with-
in the boundaries of a foreign country, is yet on his own soil,

School participation exists at other levels as well., Several superintendents
of schools, for example, sit on the NEEDS Board of Directors and thus have a
strong voice in determining policy. These superintendents share this responsi-
bility with university professors, commissioners of education, and other
leaders of education in New England all of whom comprise the directorate of
NEEDS.

Between the detailed involvement of the school coordinator and the school's
representation on the NEEDS Board of Directors, there exists another aspect
of school participation in the form of the NEEDS coordinating committees.
There are three such coordinating committees at NEEDS representing each of
its major interests: schools, universities, and state departments of educa-
tion. One function of the school coordinating committee -- whose membership
varies from principals and other administrators to guidance personnel and
teachers -- is to evaluate present operations and to consider possibilities
to enhance them. A second of its functions is to devise meaningful ways to
extend computer applicaticas to other areas of the school. The coordinating
committee, thereby, links the school's involvement at the policy level and
at the level of day to day operations.

This extensive participating of school personnel is not the only way the
goal of enhancing the schoolman's view of computers affects NEEDS' opera-
tions. Naturally, to participate wisely he must know what he is doing and
to this end NEEDS spends considerable effort in what it calls "in-service
training".

Formal institutes for coordinators begin with a comprehensive introduction
to computers, covering such topics as the NEEDS operating system, use of
unit-record equipment, computer programming, and the role of the computer
in education. Such institutes, which are given regularly, are augmented by
private consultation with individual coordinators where issues relevant to
his school system are discussed.

NEEDS does not direct such educational activities to coordinators alone.
Superintendents, guidance personnel, principals and their assistants, cen-
tral office staff, and teachers all have earolled in specially formulated
institutes conducted at NEEDS. For administrators the topics are more
general, designed to give them an overall view of automation in education,
while for guidance counselors and teachers the topics are directed toward
their particular interests: automating cumulative records, test scoring and
analysis, grade reporting, and the like.




These educational activities extend beyond NEEDS' premises to such institu-
tions as Harvard University and Boston University where several NEEDS staff
members hold academic appointments, These individuals teach formal courses
in education data processing and in educational research which are attended
not only by university students, but by many NEEDS members as well., In this
way NEEDS provides instruction in a wide range of topics relating to the uses
of computers in education, and, thus, goes out of its way to keep no secrets
and to conjure no mysteries.

These two features -- the participation and the education of school personnel -~
establish that NEEDS is not proprietary and therefore not self-perpetuating

as are service bureaus. Of course, a service bureau may well serve the data
processing needs of a school; but NEEDS, while accomplishing as much makes no
effort to spare schools the troubles and the burdens of responsibility. The
education of school personnel and their extensive participation are steps to-
ward the point where schools will possess the know-how to begin to do the job
themselves.,

In this spirit, NEEDS member schools are performing more and more of the rou-
tine data processing tasks on their own premises. The creation and maintenance
of files, the pre-processing of pupil course requests, test answer cards, and
master schedules, even the listing of teacher and student schedules are per-
formed by some member school system at their own data processing centers,
leaving NEEDS only the more sophisticated computer processing. In one case --
that of the Manchester, Connecticut Public School System -- NEEDS has estab-
lished a sub-regional center whereby those schools in the vicinity can be
serviced directly by Manchester personnel and need not bring school data to

the main facilities in Cambridge, Massachusetts. The Manchester Data Proc-
essing Center is not a branch of NEEDS; however, it is a further step in a
local school system's evolution to self-sufficiency in EDP., Thus regionaliza-
tion becomes not a force for centralization, but rather a device for developing
local capability. Far from establishing an EDP '"network" under its central
control, then, NEEDS to succeed as a regional center for EDP must relinquish
such control and, in effect, be dedicated to going out of the EDP business.

But other schools will want to join NEEDS, expecting, as new members, to go
through the process from the beginning., 01d members, furthermore, will have
developed enough to look toward extending EDP applications in their schools.
For these schools, then, whatever their experience with EDP, continued access
to the talents and facilities of a place like NEEDS is vital. So going out
of the EDP business cannot mean closing shop since NEEDS' activities can be
predicted to grow indefinitely. Instead, going out of the EDP business means
reaching the point where EDP becomes second to the more important work for
which it is an excuse.

This work, for NEEDS, is research and is based on the fact that while the
product of EDP is the printed document, its byproduct is data. A report card
printing run leaves behind on computer tape such things as course name and
number, meeting times, rooms, teachers' names, students' grades, credits,
previous credits, and attendance figures. Other EDP applications provide
teacher and room utilization figures, student schedules, responses to test
items, class standings, and the like. Such data, far from being merely the
slag and dross of EDP, are the elements from which research can begin to be
fashioned.
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Of the two major aspects of research at NEEDS, the first is data analysis.
Frequency distributions of grades either by class, or teacher, or course, test
item analysis, summaries of facilities and personnel utilization, classifica-
tions of failures, and examinations of attendance patterns are some examples
of data analysis performed at NEEDS. Beyond these simple analyses which NEEDS
performs on byproduct data, there are others which require the collection of
zdditional data. For example, NEEDS, in conjunction with a local school sys-
tem, is examining how well a statistical model compares to present, more
intuitive methods of assigning students to curriculum levels within courses.
To do this, it was necessary to collect data on existing criteria, past per-
formance of students, and the like. But, whether byproduct data are used
exclusively or are joined by data specially collected, EDP remains the impetus
for data analysis.

The second aspect of research at NEEDS centers on the development of new ap-
plications of computers to education. Within this area, the major activity
of NEEDS' division of research is the creation of a computer based informa-
tion system for vocational decision.* This new application of computers to
guidance -- being explored in conjunction with Harvard University's Graduate
School of Education -- will give students access to a large storehouse of
data relevant to career choice. This access to computer-stored routines will
be by way of consoles connected to a central computer through telephone lines,
thus permitting schools to share in the project without needing to bear the
major burden of cost. An outgrowth of this project will be a comprehensive
set of computer programs useful not only for guidance, but for instruction
and administrative decision-making as well.

At NEEDS, then, what starts out as the day to day processing of school data
becomes the exploration of new applications of computers in schools. Thus

EDP need not provide schoolmen with relief and nothing more. On the contrary,
while EDP may not number among the glamorous applications of computers to edu-
cation, it can be the starting point and indeed, the impetus for such appli-
cations.

% "The Computer and Career Decisions,' by A. B. Ellis and C. S. Wetherell,
Technical Memorandum 1, Harvard University Information System for Vocational
Decisions, 1966.
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DISCUSSION: ALLAN ELLIS

Question: This may sound naive and bread and butter oriented, but it seems
quite obvious to me that you have to attain a certain critical mass before
you can get this whole notion off the ground, in terms of funding. You've
given us an idea what happens after the critical mass accumulation resumes,
but not all areas of the country are going to be as far along in a lot of
ways as New England, Have you any words to the wise who might be interested
in launching such an effort?

Reply: My understanding of the question in that what I haye given is a rea-
sonable statement of how a regional center can function, but it's after the
fact, in that other parts of the country -- as they begin to develop such
centers —- will naturally face a lot of problems, and would I offer some
words to the wise?

We almost didn't make it for a lot of reasons. We almost didn't make it
philosophically, because no matter how glorious your goals are when you start,
you have to be concerned with doing the job that you're doing, and doing it
right, and doing it on time., Which means that you have to look like a ser-
vice bureau, and you have to care about getting the report cards on time
where they are supposed to be, under all circumstances -- and it is very

easy to get caught up in that activity.

I don't see any major problem of getting started, of having schools get ac-
cess to people through the regional laboratory. For example, people who
have had experience developing such centers. Many of the computer programs
that you would need exist already, and are in the public domain, Perhaps I
am begging the question, but my answer would be that the only real danger
is that you lose sight of the more glorious goal and end up being a service
bureau -- and I say that having just lived through it. Well, we started in
1960; I would say that it was not until 1967 that we could honestly say we
had gone beyond the service bureau stage and were beginning to look into a
larger context., I would assume that it would take you less time than that --
perhaps two years,

Question: At present, must all data be brought into the bureau to be proc-
essed? That is, are there no remote terminals?

Reply: Yes, no remote terminals,

Question: Are there in the future to be remote terminals in the schools, or
is this a problem?

Reply: It is a problem, but it's a problem we have tended to postpone. I
am not sure whether we have postponed it or ignored it. If you were to say
that you were interested in developing an educational data processing center
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to do clerical tasks for the schools, NEEDS would not be the first place 1
would suggest that you go to find out about doing it. And the reason for

this stems from the fact that education data processing is for us an excuse.
Since it is an excuse, we are not really overanxious to develop a widespread,
in-depth set of applications in data processing. We feel that as soon as we
can begin to give schools the local capability and to have them develop in-
dependently that the time that we would normally spend on new data processing
applications (maybe in the financial area of the inventory area) could hetter
be spent in exploring applications to the educational program. For example,
we made a choice in taking on this extensive guidance project -- between it
and a project that would extend our activities in data processing. We chose
the one in guidance, feeling that schools can begin to provide the services

to themselves, as Manchester has shown. Therefore, we think in terms of sub-
regional centers like Manchester, where maybe ten school systems that are very
close together share the burdens and the responsibilities, and thus we're able
to postpone the question of data transmission.

We are, however, quite interested in the use of remote terminals for other

than data processing activities. I see a great resemblance between the prob-
lems that we are trying to solve now in developing a computer-based system

for career decisions that will permit students to sit at remote terminals and
interact with data on computers ~- and problems that people interested in
computer-aided instruction face; and also to problems that people interested

in administrative uses of terminals face. And 50 while we are postponing the
issue of data transmission, we are quite interested in looking at possibilities
of school administrators making use of remote terminals for a more dynamic
access to their data.

Question: Could you explain in more detail the vocational guidance retrieval
project?

Reply:* The USOE and Harvard University entered into a contract to have Harvard
develo) a prototype of a computer-based information system for vocational de-
cisions, and this project is called ISVD, for short. Its director is Professor
David Tiedeman, professor of guidance at the Graduate School of Education, and
there are a number of other principal investigators in the project. There are

a lot of ways to describe this project, and the simplest way is to say that it
consists of two things, a student and a set of data, and the problem is to get
the student access to the data, and the data access to the student.

Professor Tiedeman is interested in developing an envitronment where students
can make decisions about what they are going to do next semester, or whether
or not they are going to college or what they want to be (what professions or
occupations they want to pursue). And he is interested not only in giving
them access to the data, but also in developing their familiarity with the
decision-making process.

Now the reason that I prefaced that, is that the desire to do both things is
the thing that gets us into most of our trouble. The problem is not merely
collecting data on occupations and relevant areas and letting kids browse

* Also see the appendix: "An Introduction to ISVD," following this discussion.
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through them, but it is also an additional problem to provide the student
access to the data through sets of routines that carefully and systematically
reflect Tiedeman's notion of career decision-making. To do this, we chose to
use a computer as a device between the student and the data, and we have es-
tablished careful arguments of why we use the computer instead of something
else, like a human being for example.

The data consists of roughly five categories of things. We have an occupa-
tional data base of 1,000 occupations, and some:hing like 45 categories of
information about each occupation, Another data base we have -- we call it
the military data base -- consists of similar facts about occupations in the
Navy, Army, and the Air Force.

We also have a number of data bases that we classify as student data bases.
We have follow=-up data on students who were graduated from the Newton School
System within the last ten years. We have data on students who are now in
the Newton School System, and we have data on those students that make up
our population of users who are also from the Newton System. We also have
information on colleges and universities, and junior colleges, and trade
schools describing things as: Who goes there? How do you get in? What
things can you concentrate on if you go there? And we are beginning to de-
velop expectancy tables based on the experiences of the Newton graduate:
What proportion of students who look like you, succeed to this extent or to
that extent?

In order to have the guidance personnel determine how the student would get
access to data, and how these data would be presented to him it was necessary
to get some statements from them, unambiguous statements on how they wanted
this machine to behave, and I found it difficult to get unambiguous state-
ments from guidance people I spoke with because they weren't used to talking
the way computer people think other people should talk, and so in order to
provide them with a way of telling unambiguously what they want to do, we
invented a pencil and paper language which we call "Minorca," which made it
possible for them to specify precisely how they wanted the computer to behave,
and yet to specify in language that is familiar to guidance people, and un-
computer-like, It was so successful that we have decided to computerize the
language, and that is one of the activities we are engaged in in the project,
and one of the bases on which I argued before -- that what we are doing for
guidance has relevance for instruction, since this language behaves precisely
like a computer-assisted instruction author language, except that it has cer-
tain differences and in my opinion is more powerful than many existing author
languages.

Question: Are there other organizations such as these in other parts of the
country? Do you know the men who established other such organizations? Do
you think ~hat perhaps there is an answer in making greater use of the com-
puter in educational establishments other than organizations such as NEEDS?

Reply: I don't know in what order I will answer your questions. I'll say
first: Yes, I think that with certain qualifications, one answer to getting
computers applied in a more and more widespread manner to school systems is
the establishment of other NEEDS throughout the country. I say this with
certain qualifications, because, first, I am not entirely sure that all of the
philosophy of NEEDS is pertinent to other parts of the country,
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Yes, there are other centers throughout the country. The Iowa Educational
Information Center, fc: example, behaves as though it were a regional center,
even though it is a state-wide center; they have many national ties. " In fact,
the Iowa Center comes to mind when I say that all of NEEDS' philosophy might
not be pertinent. One of cur major interests was to establish more effective
communication among people involved in New England at the state department

of education level, and the school level, and the university level. Well, in
Iowa that would be a waste of time since everybody at those levels talks to
each other very well, In fact, the Iowa Center, just as MRC (Measurements
Research Center) and other such educational institutions in Iowa, are governed
by a governing board of university people, state department people, and the
chief state school officer.

Also, in Canada, there are a number of such regional centers. I would sug-
gest (even though it is outdated) that you look at the reference I made to the
book by John Goodlad and others, called "Computers and Information Systems in
Education."

Your middle question was: Are there now efforts going on to develop such cen-
ters? I will make passing reference to two that I know of, and perhaps let
Al Coulson, if he's here, say a little more about one of them.

Of course, the state of California has for some time been working on the de-
velopment of wh>" rhey call regional centers throughout the state, and have
been quite vigo..us and done extensive work in the problems of developing

new centers and coordinating them, Al Coulson, who is a member of Instruc-
tional Systems Division of RCA, located in Palo Alto, California, was telling
me about some of their efforts in this area. Al, could you say a few words?

A. Coulson: The state of Texas has moved in this direction and is developing
twenty service regions, and they are initiating data processing and some other
uses of computing in the school svstems, and that largely is being done with
state support and ESEA Title III funds.

A. Ellis: 1I'd say without hesitation that CEMREL has all the contacts to the
people in the country that you would ever need if you were interested in de-
veloping such centers, or even modifying them to fit your purposes better --
but still to build on work that others have done. I hope that answers your
questions,

| H. Ohlman: I just want to say a word about CEMREL, and what I believe is the
E general outlook of the regional education labs as far as centralization is

' concerned. You made reference to us previously as perhaps central-oriented.
I don't really think that this is the whole story, since our main objective
is to develop an optimum mixture of centralized service and decentralized
access, and just what form this may take remains to be seen. Do you have any
comments, Dr. Schure?

A. Schure: I think it's worth a remark about the work of the New York State
Education Department. The New York State Education Department is developing
a very comprehensive data-reporting network and many of the local school dis-
tricts in Nassau County are to become stations in this integrated data network.
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A. Ellis: Yes, I think I've given the State Departments short shrift. I

apologize for that. I think that I mentioned only briefly that a number
of state departments are very active in this area. Certainly New York,
Iowa, and California did a considerable amount of work -- and many others.
1 always get myself in trouble when I try to list them because I leave out
more than 1 include.

Question: What kind of trouble do we have allowing flexibility of forms

and reporting among our membership; and in such a large area, with so many
people, how do we handle trouble with peak loads?

Reply: There are a number of respects in which we are susceptible to

trouble from this flexibility problem. The first and most obvious, and
the very first one we had in fact, was that I've discovered that school
superintendents are not the best people in the world to try to tell what
to do, especially when what you're trying to tell them to do, they know
from experience is not as good as what they are doing!

Fortunately, we sensed that that would be a problem, and therefore, de-
cided to take the burden upon ourselves to generate computer programs that
would permit all the flexibility we need. Now, if any of you know anything
about computer programming, you know that that's probably an insane point
of view; it's certainly an expensive point of view. In fact, a large
factor in excessive costs that we had in the first couple of years of our
operation came from the fact that we were writing computer programs and
producing forms for report cards, for example, that would permit schools to
have eight marking periods, or two; or to grade in letters or numbers, or

a combination; to have remarks or to not have remarks; to have conduct in-
dicators or not -- and they could be numbers or characters or abbreviations
-— and so on. Not only is it a problem in just printing it out differently,
but you have to do different calculations, and so on,

We have had similar problems with all of our systems. Our argument ran as
follows: We are a membership organization, and our function is not at all
to have the schools compromise in what they're doing, but to try to enhance
their ability to do what they want to do, and therefore, the cost is justi-
fied. After a lot of soul searching, we then produced the computer programs
that permitted this. It's an administrative or operational problem, too,
because you have to have different card setups for different schools, and

so on. We have lived through it; we feel that if we had to do it over again
we would, and that it's much better than trying to have the schools conform
to a single format and a single letter-grading procedure. I think that from
a political point of view, it's absolutely necessary that even if you end up
trying to get schools to change what they're doing, in the beginning you
have to take schools on their own terms -- because people know what they are
doing, and they've been doing it for some time, and it's just unreasonable
to try to have them change by imposing change upon them. Yet, we feel that
there are a lot of questions that could be raised about the present pro-
cedures, and our only alternative is to take the schools on whatever terms
they're willing to come, and hope through becoming familiar with the capa-
biljties of computers that these changes will begin more and more to occur to
them, and that we can work together in creating changes.,
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I don't know what kind of answer that is to your first question, but another
problem we have in flexibility is one where schools say: We know that you
offer these different services -- all we want is to get our school scheduled
by you, and we'll do our report cards ourselves. And some schools say: Do
that and charge us less money! And we say: No! We can't do that, because
the money we charge is not based on our operating costs, it's based on a re-
alistic notion of what schools are willing to pay, and that the Ford Founda-
tion is helping us, and that the operation costs are much greater than $3.50
a student.

Some school systems say: We don't want report cards automated, and we don't
want our school schedule -- all we want is automated attendance -- but we'll
pay for everything. And our answer to that is also: No! Because the minute
we start to do that, we tecome surely for all time a service bureau, because
you need the concept of membership in an organization that's attempting to
explore change in schools, and you need as much commitment and activity on
the part of the schoolmen before you can hope to have any change. So that
kind of call for flexibility has also gotten us into potential trouble.

Now the second question is about peak loads. We have peak loads; report card
time, every six weeks -- considerable peak, and during the summer —- particu-
larly the end of the summer -- there is considerable peak on scheduling and
getting class lists out, and so on. We have made some efforts to lower the
peaks by distributing the work around the year, but there are certain reasons
which I think at first glance make that unreasonable., One is that it begins
to ask the schools to change their schedules, and they may not be too in-
terested in that; second, during the slack periods, there are a lot of things
that we can do. That is, we now have ups and downs, particularly because
we're not doing as much as we should be doing. For example, we could take
advantage of the low periods by introducing activities to elementary-school
students, or by using our computer to explore some existing computer-aided
instruction demonstrations that exist, to give schools a chance to look at
some other applications.

I am not giving you the answer of a data processing manager — because if I
was a data processing manager I'd give you a straight answer. We, however,
sur--ive the peaks. Up to this year we had a 1401 with 12,000 characters of
storage, and two 1311 disk-pack drives, which means offline storage of about
5 million characters, and it was a strain, and we had to spend a considerable
amount of our effort on outside computers -- like Harvard University's 7094,
which is a very large machine. Since then, however, we have gotten an RCA
Spectra 70/45 computer, which is a respectable intermediate size computer —-
considerably more powerful than a 1401, Right riow we are in the very ex-
pensive, very time-consuming stage of reprogramming ourselves, which is a
problem. But, we see that much of the difficulties will be alleviated —
the peak problems will be alleviated -- with this machine. Right now, we
are using this machine to emulate a 1401, In the computer business, it's
possible to get one machine to look like another one, and behave much like
another one, and the Spectra 70/45 is capable of imitating two 1401's, so
even with that we've reduced our burden of the flow of data considerably.
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Question: A minute ago, you made the statement that you're given the data
bank, and that you're in the process of creating expectancy tables that
students may use. Now, algorithmically, the data is compiled, and is made
available to students at consoles. What is being done to help the student
recognize that he will be able to use the data?

Reply: The question is: What is being done in this guidance project to
help the student to become better able to use all the data that we're giving
him access to,

What I meant earlier when I said that Tiedeman is not jist interested in
having data for the students to get at, but he's interested as well in
creating a decision-making structure, which would be the filter through
which they access the data. I was, I guess -- cryptically saying -- that
our major concern is, in fact, to get students to not only learn how to
make decisions better -- going through the act of it better, and to learn
about ourselves more -- but also to develop what Tiedeman calls a sense of
agency, which is a notion that you as an individual are an agent in what
happens to you. So to be more specific, guidance people wrote what we
called scripts -- sets of statements of what will happen, what kind of inter-
action the student will have with the machine -- and some of these scripts
behave very much like programmed instructional sequences, in that they dis-
cuss them with him in a purely linear way, or in a purely specified way.
That is, the script that the student gets is a function of the questions

he is asking, and the stage that he is at in his decision-making process.

Furthermore, we have developed a semester course of the computer —— I think
it will end up being a year-long course -- for junior high school students

at Newton, and we've taught it for one term so far, on career decision-making,
covering what steps are involved; what sorts of questions people ought to

ask themselves or tend to ask themselves; what probabilities are and what
they mean and how you should treat them; when you take them seriously, and
when you don't; the notion of error in probabilities; and so on. And I think
one very important idea is the following: that we try and get students to
understand and appreciate that data in the real world are never complete,

and in fact, it i probably this incompleteness of data that accounts for the
needs for decisions most of the time. The minute you accept the fact that
data are not complete, and you accept the fact that you have to make a deci-
sion, if you realize that this decision is not being imposed on you by the
outside -- because it is not determined by the outside -- we hope the stu-
dent will begin to feel that he is the one who is responsible for the
decision that's made, meaning he has to take the consequences, or the credit,
depending on how things work out, and that he is an agent in what is happen-

ing to him, and that therefore he is free -- in one important sense of the
word.

I have given you a very very inadequate statement of our efforts to have the
student examine -- to learn about the process, and to examine himself -- and
I apologize for that,

One final thing I would say is that: One of the important ideas of our project
is to develop within the computer the capability of monitoring the student's
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performance. Meaning by this -- not only that we keep track of what the
student is doing, and what answers he gets, and what questions he asks --
but also that we give him what we know about him; that is, we give him the
monitored data to process, so that he not only makes decisions, but he also
begins to become aware of himself making decisions, and uses things that we
can hopefully provide him about his style of decision-making, or his pro-
pensities in decision-making, that he might use as further data in coming
to decisions.

Question: You mentioned in connection with this guidance program that your '
group is interested in the relative effectieness of presenting these areas
of guidance materials -- relative effectiveness compared to other means of
guidance, of which the computer is being compared to others. Do you have
any comment on any of this?

Reply: No, I don't., The comment that I made should have been made more
carefully. We began by saying that we would like to create a reckoning en-
vironment in which we can put a student. This reckoning environment being
such that it displays by its functioning, characteristics of reckoning or
deciding, that because large amounts of data are involved requiring proc:--
essing, sorting, juxtaposing large amounts of data, keeping track of many
students at once, and so on, that it's quite likely that a human being is
not an appropriate master element in this reckoning environment, and that,
therefore, we need, ideally, a guidance machine, or a reckoning machine.

We conclude that there is no such machine, but we happen to know something
interesting about computers, even though a computer is to some extent a poor
excuse for a potential reckoning machine. The most interesting thing that

I can think of about computers is that when you buy them and plug them in

the wall, they don't work! And the reason that they don't work is of pro-
found importance, because, in fact, computers are not machines at all!

What they really are, are devices that read descriptions of machines ~- we
call them computer programs and think of them as instructions of how com~
puters are to behave -- but, in fact, you can think of a computer program as

a blueprint of a machine, and what computers do is they read your description
of a machine and they imitate that machine -- they become that machine. So

if T write a computer program to print report cards, another way I can think
of it is that I am writing a procedure for printing report cards, but this

not only defines the procedure, but the computer then builds itself into a
report-card-printing machine, and prints out the stuff, and that operationally
there's no difference between a report-card-printing machine that I might
build for real over here with pliers and screwdrivers, and a computer behaving
like one. So that we say that we need to have a guidance machine, or a reck-
oning machine in this environment,

We're not entirely sure what this machine should do, because we don't know
enough yet about the business, but we have some notions, and so our effort is
to turn a computer into a guidance machine. And we do it by creating a cer-
tain environment in the machine that will make it capable of reading these
descriptions the way we want them read, and to be able to operate, effectively,
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Thus, we have a computer that's able to read the scripts that I mentioned
before, which are descriptions -- not only descriptions of how the student
is to be given access to the data -- but it's, in fact, a description of how
a guidance machine should behave. I apologize for that long-winded state-
ment, but that's one possible answer to your Guestion anyway,

A, Schure: Sometimes when you buy a computing machine and set it up, and
you program it to do something, sometimes it doesn't work —— yet there may
be many hidden initial manpower, capital, and other costs —- so it can't
very well be off the line. It is a function of the human, and an extension
of the human, and in that sense it's long term success is governed by the
nature of the cleverness of what is p.'ogrammed into it. This is true of
all kinds of computing.
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APPENDIX: AN INTRODUCTION TO ISVD

The Information System for Vocational Decisions, which we call ISVD,
began the first of June, 1966 as the result of an agreement between the
United States Office of Education and the President and Fellows of Harvard
College. This agreement states that the members of the ISVD Project will
construct a prototype of a computer-based system for use primarily in junior
high school and senior high school guidance departments in New England.

This prototype is to be delivered on or before the first of July, 1969, which
is three years and one month from the day the ISVD Project began.

Cooperating in the ISVD Project, along with Harvard University, are the
New England Education Data Systems and the Newton School Department. Further-
more it is being conducted in liaison with the Division of Vocational Educa-
tion of the Department of Education of the Commouwealth of Massachusetts as
represented by Walter Markham, the Director, and John Morine, the Senior
Supervisor of Occupational Information and Vocational Guidance. The major
objective of ISVD is to improve vocational decision-making through the use
of a computer-based training system. The program is to be so designed that
the student can relate knowledge about himself to data about education,
training, and work and thereby create a body of information on which he can
base his career decision. The program will link student, computer, and
counselor in such a way that the student can conduct a dialogue with the
computer while the counselor assists in interpreting and evaluating the
results of that dialogue.

The original proposal for the establishment of ISVD which was submitted
to the United States Office of Education poses the problem in the following
way :

". . . participation in an occupation involves more than training in
the specific skills required. Before, during, and even after vocational
training the process of decision-making must also be involved. Central in
decisions about occupations, jobs, or courses of study are facts about one's
self and about work. Facts illumine and frequently create decisions. But
decisions also create facts. This project therefore provides opportunity to
study the interaction of facts and decisions, and their subsequent creation
of information.

"The proposed ISVD will deliberately play upon a potentially useful
distinction between data and information. The task of the information system
is to enable the individual to transform data into information. This is to
be done by teaching him to interpret the data in the light of his own know-
ledge, experience, and intention, so that his crganization and use of the
data represents his own personal relationship to them in the process of
decision-making. We presume that only when data are used in this way can
they be described as information where the individual is concerned. The
information so generated can then, in turn, serve as data in the making of
future decisions.

"Given that the quality of decisions is directly related to the kind,
quality, and comprehensiveness of the data considered by the individual during
the process of decision-making, then a fundamental task of guidance is to
identify, evaluate, and classify needed data and to make them readily avail-
able to counselors and students in usable forms and at needed times and
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places. A second task is to learn how past decisions can be used to create
information of value to the students who have made those decisions.

"Guidance workers have had difficulty in providing and effectively
displaying data. This is so because the amount of these data is directly
related to the unparalleled rate of change in the technological world, which
in turn is rapidly producing basic changes in our society. If we are to
prepare students with skills, and attitudes and understandings for a changed
and continuously changing future, we must know something of the nature of
the changes involved. We must also encourage students to think of vocational
planning as a lifetime process, not a one-time decision. 'The counselor
must think future and not experience or he will be of diminishing value to
the student of the sixties and seventies' (Wrenn, 1962, p.20).

"Not only have counselors found it difficult to provide and display data,
but the relatively infrequent contact between student and counselor has
made the student's interpretation of data largely a hit-or-miss affair.
Most students in secondary schools see a counselor three or four times a year
at most. Furthermore, the nature of these contacts is frequently governed
by a concern for the immediate next decision to be made and the immediate
Interest of the student. The amount and quality of facts available to the
counselor at the time of an interview is limited by his own knowledge and his
school's resources. And the counselor's usual function is to provide facts
for the student at the same time (and frequently without distinction) that
he is attempting to get the student to use them.

"What is needed is a system which will provide for the student direct
access to all relevant facts without requiring the direct mediation of a
counselor. This would bring about a change in the counselor's role. Instead
of being both source and interpreter of facts, he would have the primary
responsibility of interpreting the student's use of the facts as he transforms
them into information. This would require attention to the role of unconscious
motivation, and the effort to help the student transform his tacit understand-
ings into explicit ones. Also included in his role would be training the
student in the use of the data system, supervising him in it use, and
evaluating the student's decision-making process. Ultimately, it should be
possible for the student to use the data system in a relatively independent
manner for both exploration and decision-making, with recourse to the
counselor when assistance or interpretation is needed."

The purpose of this project is to develop an information system for
career choice built on a paradigm of decision-making proposed by David
Tiedeman and Robert O'Hara. This paradigm depicts the behavior of an
individual from his earliest confrontzation with a choice situation, to his
final analysis of the results. In its simplest form, it states that there
are two major components to decision-making--exploration and choice.

An individual, having recognized that there is a problem he must solve,

enters the stage of exploration--sizing up alternatives and options; and
locating risks and consequences~--with the aim of structuring and ordering
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the universe of choices. The individual asks: What is available? What are
the possibilities? How do they relate to my goals? What are my goals? How
do the alternatives relate to each other? What is the universe from which

I can reasonably select a course of action? Once these questions start to
be answered, the individual is ready to consider choice.

One element in the stage of choice is the moment of choice-~that
instant at which commitment is made and begins to grow. This moment is
skirted by two phases, crystallization prior to choice, and clarification
afterwards. Naturally, the actual selection of a course of action is
important, but it takes on its fullest meaning only in terms of these two
adjacent activities. In the crystallization phase of decision-making, the
individual assesses the alternative paths of action. What are my chances?
How have others like me managed? How much of a risk is really involved in
each case? The products of exploration are worked over, pursued, refined,
and sifted, until, finally, a selection is made. Then comes clarification,
a more extensive following-through of the chosen path to see more fully what
one has committed himself to, and to test how strongly he maintains his
choice. Naturally, it is not a one-way road from exploration, to crystal-
lization, to choice, to clarification, nor are they in fact as clearly
separable as the paradigm might suggest.

Throughout the individual's passage from point to point in the decision-
making process, he continues to engage in the act of turning data into infor-
mation. This is a major concern of the project, since, in the real world,
data are never complete. Often, it is precisely this incompleteness that
makes decisions necessary in the first place. In any event, the quality of
the choice depends upon the quality of the data. Before one attempts to make
a decision, therefore, he must first understand the incompleteaness of the
data with which he is dealing.

E Accepting data on these terms leads naturally to the condition that one
is more likely to take responsibility for the choices he makes, since they
are not totally determined by external factors. If they were, then choice
would be either irrelevant or superfluous. Furthermore, in order to create
information on which to base decision, one must actively process data rather
than passively be guided by them, and therefore, the individual must become

a significant agent in the choice process. That is, the incompleteness of
data implies that the individual is responsible for his decisions in both
meanings of the word: he is the one who makes the decisions, not someone

or something external to him; he is the one who enjoys or suffers the
consequences. This is one way to define "freedom" and it is to this notion
that the project is dedicated. It will achieve this goal by developing in
the student the ability to engage in this kind of decision-making relative to
his career choice. That is, the project will place the student among resources,
enhance his access to them, teach him the stages in decision-making, and have
him engage the resources in a controlled setting so that he can develop the
skills of processing data and making decisions.

An additional factor in the decision-making procedure which this project
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proposes is called monitoring and consists in keeping track of the student as
he goes from stage to stage through the paradigm. Aside from the usual
reasons for monitoring a student's behavior--to analyze his performance,
select from alternate courses of action, and generally maintain an account
of his interaction with a system--the project expects to present to him

the facts of this monitoring so that he might use them as additional data.
These facts become a kind of meta-data which the student processes. The
idea of data and meta-data is analogous to the philosophical notion of

being and becoming. Not only does the individual act but he becomes aware
of his pattern of action. The desired result is a higher order of under-
standing of both the decision-making act and the panorama of career choice
in which decision points are linked. Career becomes a time-extended set

of choices, and decision at any given point is enhanced by an overall aware-
ness of the road being travelled.

What the project proposes, then, is a model of decision-making behavior
which requires a setting capahle of providing feedback. It is an interactive
setting in which an individual engages a data base in certain specifiable
ways as a means of determining alternatives and selecting from among them.

Once we recognize the obvious fact that data are never complete, it
becomes wise--often vital--to place the condition on choice that it be made
with the best possible data available. We must ask of the data: Are they
accurate? How complete are they? Do they reflect the full complexity with
which we must deal? Can we get them in time to explore alternatives adequately?
A library is unsatisfactory in this area, because the time involved in search-
ing is often more than the individual can afford. Certainly large amounts
of data=--occupational descriptions, for example--can be stored, indexed,
cross-referenced, and made generally available in a library, but that is only
part of what is needed. The computer, on the other hand, is capable of all
this and of providing fast access so that search time need not hamper decision-
making. Furthermore, the computer can interact with the student and thereby
help him to ask relevant questions about the world of work. The project looks
to the computer, therefore, as a device to store large amounts of occupational
data and to make them immediately and selectively available to the individual
as he proceeds through the decision-making process. With this kind of
accessibility, the individual can feel he is among resources and as he becomes
more integrated into the reckoning environment, the data become more like
extensions of him and less like external quantities.

The area of decision-making is the second one which the project sees to
be dependent upon the use of a computer. As the student goes through the
various stages of decision-making, he must be provided a number of things,
three of which are particularly important.

First, he must have the opportunity to browse through a large set of
sources and to obtain cues from the system as he goes. Browsing is not an
aimless activity, it is an unstructured one, and the system should facilitate
the emergence of order by probing, suggesting, reminding, and generally being
at the disposal of the individual. Second, the student must be able to follow
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up leads, discard them, go as far as he wishes and then start anew. There
should be available to him statisticol projections and estimates about him-
self and about the world of work with which he may compare his own interests
and abilities to those of others who have taken certain courses of action,
so that he can begin to assess his chances and his willingness to pay the
price involved in particular alternatives. Finally, he needs a way to relive
his past in terms of his present orientation and to act out the future or at
least to bring his awareness of the future to bear upon his current need to
make a career decision. The system, therefore, must contain some kind of
simulator or game player which can process student information within the
larger context of information about the world of work so that the student
can engage in what amounts to a ''career game.'

All of this requires that there be an interface between the student and
the data. In many respects a human being--counselor, librarian, teacher,
friend, confidant--would be the best interface, although he would not be very
good at treating variables in a multivariate way or at the kinds of real-time
search, estimation, computation, recording and presentation that the system
requires. It is in these areas that we look to a computer, since they
involve operations which a computer can be expected to do well and tirelessly.
This is not to say that one will replace the other; we have no such intention,
especially since neither the counselor nor the computer is totally satisfactory.
They will be used together to do what they do best and thereby to function in
unison as the ideal reckoning component of the desired environment. The
computer then is indispensable to our effort to create an environment in
which the process of career decision-making is to be maximally facilitated.

A third area of our interest relates to a new interpretation of the role
of monitoring. The idea of monitoring, of course, is not new, for many people
have kept track of students' behavior for later analysis. We do not limit
the role of monitoring, however, to diagnosis after the fact. We conceive
of a real-time monitoring and feedback system where the student processes
the data from monitoring on his way to a decision. The way a person engages
a subject when he teaches it differs from the way he engages it when he
studies. Not only does he think more about the structure and form of the
subject as a means of explaining it, but, as a byproduct, he learns something
more about the subject and from a different perspective. This kind of by~
product can attend the decision-making act as well, and we intend, therefore,
to provide the student with information about the structure and form of his
interaction with occupational data, and about his passage through the decision
procedure, so that he can use it as grist for further milling.

This, then, is the essential theory underlying the ISVD Project, although
professionals in this area are sufficiently familiar with the works of
Tiedeman and O'Hara to know that what I have described represents only the
basic elements of the theory. I would like now to describe to you briefly
what we are doing in the project to implement this theory, and while I will
concentrate mv description on the computer aspects of the problem with which
I am most familiar, I will first provide you with a general picture of how
we have organized the tasks.
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The work of ISVD is organized around three broad task areas, each of
which contains two related sub-areas. The first broad area is concerned
with the development of a compuier-based data system. The first sub-area
within this broad category consists of the collection of data on education,
training, and job characteristics, and opportunities, and on the persons
who will use the system. The sections of the ISVD Project that have been
working in this area are the Forecasting Division, the Placement Division,
the Information Division, the Inquirer-Characteristics Division, and the
Data Files Division. The second re.ated sub-area within this broad cate-
gory is concerned with the development of computer programs and with the
utilization of display devices to connect the user directly with the data,
and this is the sole task of the Computer Division of ISVD of which I will
speak in more detail later.

The second broad area of the project concerns itself with the develop-
ment of a training program in vocational decision-making. One aspect of
this calls for the specification and provision of the elements and process
of decision-making for individuals of various ages and vocational situationms.
This task is being pursued by the Decision-Making Division, the Vocational
Development Curriculum Division, the General Curriculum Division, and the
Psychological Curriculum Division of ISVD. A second related sub-area in-
volves supervised practice in decision-making for inquirers and counselors
using the computer-based data and the computer routines. Naturally, super-
vised practice in the use of a computer-based information system requi-es
that the computer-based information system exist, and since we are in the
midst of creating the system, we have not yet provided extensive supervised
practice, although we hav: carried out a number of field tests of small
components of the system.’

Similarly, the third and final broad area of the project which deals
with the study and assessment of the system, its users and its use, will
not become a major activity of the project until the system is implemented
in its first protctype form.

I am sure you can tell from this very general overview of the task
organization of the project that while the application of the computer to
specific areas of guidance is the central focus, there is a wide spectrum
of concerns and activities ranging from the development of a course in
decision-making to the extensive collection and reorganization of data
which the student can use in making vocational decisions. Computer people
traditionally © 1k about software, by which they mean the computer programs
they have to write to make the machines work; and hardware, by which they
mean the particular configuration of machinery they are using to do a job.
The Computer Area of ISVD is concerned with the problem of determining the
appropriate software and the appropriate hardware for use by the project.

In describing our software concerns I find it necessary to make a
distinction between what I call ISVD software and necessary-evil software.
By necessary-evil software I mean those computer programs we have to write
or change or adapt to make it possible for individuals to communicate with
the computer while sitting at a console some distance away, and which make
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it possible for many individuals to be communicating with the computer at
what appears to be the same time. I include in this category also compu-
ter programs needed to load data onto storage devices, to permit statistical
summarization of the data and, in general, to perform necessary but highly
technical and uninteresting tasks. ISVD software on the other hand con-
sists of those computer routines that are part and parcel of the theory we
are trying to implement and are integral parts of the computer-based envi-
ronment we are trying to create.

First among these ISVD software components are our data bases. These
are large collections of data relating to the various types of facts we
intend to give students access to. There are roughly five such data bases.
The first is an occupational data base which at the present moment con-
sists of facts on approximately one thousand occupations. We have in our
files as well a computer tape which contains similar descriptions for
fourteen thousand occupations which we intend to add to this data base.

The second data file is one we call the military data base which consists
of facts for both enlisted men and officers of the major occupations in

the Army, the Navy, and the Air Force. The third data file is the educa-
tional data base. Here we have data on colleges, junior colleges, and
post-secondary trade schools, including where they are, who goes there,
what is required for admission, the usual standards of performance expected,
the careers for which one can prepare himself at each institution, and the
like. We are starting out with a relatively small number of such institu-
tions, somewlere between three and five hundred. The fourth data file will
contain data on students who are using our system, other students who are
attending junior or senior high school in Newton, and follow-up data on
persons who were griduated from the Newton school system within the past
five years or so. Finally, we will have a data base concerning personal
and family living.

All the headaches that we have in the Computer Area stem from the Fact
that ISVD can be described as an environment in which we have on one hand
a collection of data, and on the other hand, students. There are in parti-
cular three problems that we have: First, we have the prcblem of being able
to get a piece of data quickly and easily when it is called for. Second,
we have the problem of developing computer programs which will help the
student associate these data as they are retrieved to make them relevant to
his particular problem. And third, we have the problem of giving the
guidance personnel in the project a way of specifying how these data are
to be related without having them take the time and trouble to become com-
puter programmers.

We are solving the first problem by developing a set of computer prog-
rams to permit random access to data files. These programs are being
written in such a way that data can be retrievec by name rather than by
address which is the usual procedure when dealirg with computers. Ordi-
narily a person would have to know, for example, that data on doctors are
stored in a particular part of the computer, and when he wanted that in-
formation, he would have to direct the computer program to go to that place
and retrieve the data. Our programs will permit an individual to say, "Get
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me doctor," and the computer will then do what it needs to do to figure

out where information on doctors is stored.

We solve our second problem, that of associating the data that are

, retrieved to make them relevant to a particular decision a student is
making, by creating the concept of scripts. A script is a set of rou-
tines which superficially resemble programmed instructional frames which
allow the student to progress from issue to issue within a particular de-
cision, and which creates the necessary and appropriate links either to
the data files, or to other scripts, or to computer programs, all of
which not only help the student retrieve data but also help him decide
what data he wants to retrieve.

Our third problem arises from the fact that these scripts must be
written by guidance personnel since computer people, although they have
the technical skills necessary to write such scripts, are not familiar
enough with the guidance problem to ensure that they would be helping
the student rather than hindering him in his access to data. On the other
hand, it is unreasonable to expect guidance personnel to develop the ex-
tensive technical skills needed to program these scripts. Our solution
to this is to create a special language which has the following charac-
teristics:

a. It provides the means to describe unambiguously how the
student's interaction with the data bases will proceed;

b. It is sufficiently non-technical, uncomputer-like, and
similar to the language guidance people are used to using
that it facilitates the description of scripts by people
tho are not computer specialists;

c. It provides all of the capabilities of existing computer-
assisted instruction languages without any of their
weaknesses;

d. It has extensive retrieval capabilities by being abot to
call for data from our direct access data retrieval rou-
tines:

e. It has some natural language capabilities, which means a
student need not give his answers by making a selection
from a set of multiple-choice questions, but that he can
enter his answer or request in English, and the computer
will understand it;
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f. It has a capability to perform statistical analysis when
required.

During the past year we have created the beginnings of such a lan-
guage, which we call MINORCA, which at the moment has many of these
characteristics, and during the remainder of the project we will be
working to improve this language so that it conforms to these require-

ments.
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In addition to data bases, scripts, the direct access retrieval of
data, and the creation of a special guidance language, we are working,
as well, on the development of computer programs to permit testing by
the computer and to permit simulation of career choice.

As far as the hardware, that is the machinery that is being used by
the ISVD Project, we have two concerns: The first relates to the parti-
cular computer that is being used and its associated storage devices.
The second relates to the terminal at which the student sits which is
connected to the computer over telephone lines.

The computer we are using is an RCA Spectra 70/45. It has approxi-
mately one hundred thirgy thousand characters of memory, which makes it
a medium-size machine, and it contains four disc drives, which means we
can store up to thirty million characters of information which is quickly
available to the computer. A data base, for example, that contained a
thousand bits of information on a thousand occupations would take up one
million characters of disc space, which is one thirtieth of what we have
available, and so we feel we have room for a fair amount of data. Fur-
thermore, each disc pack is removable and others can be put in its place
so that our total library of data is unrestricted.

As far as the console at which the student will sit is concerned,
the one that the ISVD Project will use has the following characteristics:
The student will enter his answers or commands to the system through a
typewriter keyboard. The computer will respond to the student through
any one or a combination of the following output media: a printer, so
that the student can have a hard copy of the response to take home with
him; a cathode ray tube (CRT), much like a television tube, which will
present textual material and simple graphical material; a random access,
computer controlled slide projector which will display color slides to
the student when appropriate; a tape recorder, under limited computer
control; and, finally, a similarly controlled motion picture projector.

In this way, for example, we will be able to answer questions such
as "How much does a carpenter earn?" either by printing out his salary,
or by displaying a simple graph on the CRT showing the distribution of
earnings of a carpenter, or by showing on slides a table which compares
income of a carpenter with other occupations, or ideally by showing a
three to five minute film which depicts the kind of house a carpenter
lives in, the kind of car he drives, the kinds of clothes he buys, and
the kinds of things he does for entertainment. Now, I offer this as an
example, but hasten to qualify it for two reasons: First, I am not a pro-
fessional guidance counselor, and thus, do not know which kind of answer
good guidance would dictate; and, second, I think that while many educa-
tors firmly believe that the use of different media in the presentation
of educational materials rrobably facilitates learning, we do not know
enough of what kind of people take to what media best, or even which media
are best suited to which types of presentation. One of the things we hope
to learn in the ISVD Prociect is how we can make most effective use of
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various media in the presentation of data. Our hope is that at the end
of the project we can specify in considerable detail what an ideal con-
sole should look like and what things it should be able to do, but at

this time our guidance terminal is viewed by us as an experimental device.

Well, I have given you a cursory view of our project, describing our
hopes and our intentions. I have left out considerable detail, and I have
left out a number of major problems with which we are faced and which must
be solved before we can honestly say that in Information System for Voca-
tional Decisions is a workable, feasible addition to the guidance services.
One major problem is whether an Information System for Vocational Decision
will be economically feasible. Another is whether it makes sense to expect
students to communicate with a computer through a typewriter keyboard.
First, because the need to type creates certain difficulties, and, second,
because it requires students to deal with their problems in terms of words
whereas many individuals for which the system is devised are not suffi-
ciently comfortable with words to make this reasonable. The third problem
is that of evaluation: How does one go about evaluating an information
system for vocational decisions? And related to this: How does onc provide
for the continual updating and evolution of such a system within the context
of its widespread use in school systems?

As you can see, we are in a situation in ISVD where every problem we
solve is replaced by several new ones just as important as the first. Thus,
while we act as though we are moving toward a well fixed goal, and while
there are times when the end is in sight, we do not have the delusion that
our efforts are in any sense final.
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Dr. Alexander Schure is president of the New York Institute of Technology;
be holds both a Ph.D. and a Doctor of Education from New York University.
The New York Institute of Technology, a four-year college with campuses in
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proaching 5,000. From its beginning as the New York Technical Institute,
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was president of the Crescent Electronics Corporation. He is a director of
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in electronics. Dr. Schure also holds a number of patents in the field of
educational technology.

Today, Dr. Schure w’'ll tell us about the rapidly developing application of
computers to instructiou, and perhaps clear up some popular misconcep: fons
about the potentials and problems of this fascinating phase of educational
technology.




COMPUTER MANAGED INSTRUCTION

Dr. Schure:

Almost inevitably, when a speaker begins a presentation such as this, he
castigates our American system of education in some measure--even if with
delicacy. I am not here this morning to dwell at length on the various
faults that perturb our schools -- in many ways they perform uniquely well.
Yet, we are all aware there are problems and, indeed, that the problems
are difficult to resolve. The dislocations resulting from inadequate fi-
nance, strife, mismatch of resources, or unforeseen combinations of social
or political circumstances may literally be bayond the capability of a
particular school to cope with solely as a single institutional system.
New answers are being sought. The cycles of solutions offered are all too
of ten ephemeral, unguided, unaccountable, or nonreplicable.

As a result of the severity of pressures, more and more institutions are
beginning to draw upon resources that are outside the formal institution,
The complexities resulting from management of all of the resources that
surround the school involve so many factors, facts, and facets that the
amount of resultant data becomes overwhelming. It is no less so with the
guidance of human learning through a specific curriculum, Here, too, the
educators struggle with a number of different patterns and here, the first
priorities exist.

A means must become available to provide information which indicates effec-
tiveness and efficiency of educational environments in promoting individual
learning. It also is extremely important to be able to examine the wide
variety of available designs on a nonemotional basis which clarifies the
success of an instructional program and the decision rules governing it.
Sophisticated techniques are required to do so, and fortunately they are
available,

The central theme of this thesis is that through the use of the computer
there can be structured more effective evaluation systems -- that we can
conceptualize and interpret the more complex aspects of the educational
process by use of the computer. Our discussion will focus on computer-
managed curriculums. Computer management refers to a synthesis of educa-
tionally related data to yield information upon which subsequent decisions
will be based, regardless of the kinds of organizations or strategies of

. learning examined. Thus, when we survey the conventional classroom setting,
: we seek all pertinent information relating to learning within this class-

- room. If team teaching is adopted as a strategy, its consequent result and
logistics become part of the system to be managed.
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Whether elementary, formal, higher, adult, technical, or continuing education
is our concern, all can be encompassed and analyzed through the computer-
management process., As an aside, involvement in continuing education at

NYIT (New York Institute of Technology) is becoming so major that one of the




wags in the research center, no longer satisfied with the concept of "womb
to tomb" education, talks .in terms of ''conception to resurrection" responsi-
bilities. In terms of recent biomedical advances, this is not as silly as
it seems!

Regardless of the strategies and the organization of the school, computer-
managed or computer-regulated instruction in essence uses the computer as
the tool of the learner, the teacher, and the administrator to predict, to
guide, and to yield appropriate decision points. It also allows the curri-
culum developer a scientific basis for development.

This use of the computer is in contrast to the methodology referred to as
computer-assisted instruction or CAI. In computer-assisted instruction,

the computer operating "on-line'" becomes the prime resource of course mat-
erial presentation, simulating the role of a teacher. CAI may be one of the
nodalities or one of the strategies (principal or otherwise) used by the
learner, the teacher, and the school in an operating system. As used in
this discussion today, CAI is only one technique, which may or may not be
part of a particular institution's repertoire.

There is a growing acceptance of the potentials of new technology and media.
We no longer feel threatened, apprehensive, or even uncertain about the uses
of technologies with which we are familiar. All told, there are a thousand
and one things with respect to complex modern technology that we readily
accept. Educators can be attuned to similar comfort with the computer, once
properly introduced. The errors of presenting the computer to the educational
community as a teacher replacement must not be made. Rather, the device
should be introduced in terms of its responsiveness to develop more adequate
information relating to different judgment values and in terms of its poten-
tial to permit wide replication of desirable learner situations. Used in its
capacity to permit the decision makers (the teachers, the superintendents,
the local board, and the students) to be able to choose and to use wisely the
best from among available resources, enormous strides forward can be made.

At the New York Institute of Technology, we have been laboring with pieces of
the problem of instructional management for some years. One of the things we
found (and I think my colleagues here today also find it to be so) -- is that
a little bit of innovation introduced without any kind of planncd base is a
noisy and irregular thing. Such use tends to disrupt the school system, and
very often the innovation does not become permanent. What happens is that
the new process begins and exists in comparative isolation -- and then very
quietly is phased out. Perhaps students or teachers do not care for it, or
it might not be administratively feasible. Rarely, however, is the judgment
for elimination or retention of the innovation made on the basis of truly hard
data.

An early conclusion, therefore, was that any approach to long term innova-
tion at the New York Institute of Technology must stem from an organized
approach and must be part of that view which regards the educational system
as a totality. Beginning in 1958, we approached the foundations. Carnegie
Foundation gave us initial support funds for the design of what is now be-
coming -- gradually and carefully -~ a complete system so far as our own
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institution is concerned. Subsequent major funding was also given by the
Ford Foundation and recently by the U.S. Office of Education.

When I describe the New York Institute of Technology's systems, I suggest
that you judge their merits in terms of their applicability to the educa-
tional situations with which you zre concerned. A system, to be of value,
must be highly responsive to the particular institution it servec.. This
is critical. Every situation has its own coping task. Princeton operates
one way; Harvard has its own style; the Milwaukee School of Engineering
another -- name an institution and you will find that the constituency it
serves, its governing board, administrators, and faculty set up a certain
kind of '"task'" pattern. What then happens is that the students must use
their talents and the resources of the school to cope with this pattern,
The New York Institute of Technology is assaying a design which, hopefully,
would assist the management of any curriculum at any institution,

Recapitulating, we are then talking about a system which permits one to
"manage" instruction; a system which is capable of individualizing and op-
timizing learning through computer-management of the educational process,
To this end, let me comment on the nature of the program being developed
at the New York Institute of Technology, and what kind of outputs are de-
sired of it.

A consideration of a total computer-managed pedagogical system involves
systems analysis and systems operations. The vastness of modern education
dictates that the value of any new educational ianovation is largely de-
termined by its ability to integrate with other cesources and components
of the educational system, It is imperative, therefore, that there be a
systems integration of all the available resource components, with the
unique potentialities of every element aligned to produce a more effective
system as a whole than is the case with resources used singly,

I. Objectives of the Project

A. To organize, develop and refine, by a systems engineering
approach, a model computer-based system for the management
of the educational process, which is operationally and
economically feasible, and capable of:

l. Replication at alternate educational levels;

2. Self-improvement, through continuous rapid feedback
of hard data recorded, interpreted, analyzed, and
presented for decision by computer;

3. Individualizing and improving the learning of each

student in a heterogeneous population in specified
curriculums and subject sequences;
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B.

C.

D.

E.

4, Managing (toward optimization) instructional pro-
grams having applicability to general and occupational
education (the curriculums involved will have rele-
vance to the grade level continuum from year 9 through
year 14);

5. Establishing the parameters for guidance, counseling,
and screening of students in such programs; and

6. Providing definition of goals, course content, pre-
scriptions, and instructional strategies related to
the selected curriculum areas (acceptable to senior
advisory boards consisting of representative educa-
tional, management, and industrial experts).

To implement, test, revise, restructure, and optimize the system
in selected courses (mathematics, electronic technology, physics,
computer sciences) in a selected environment at the New York
Institute of Technology.

To demonstrate replicability and viability of the system for one
course (the articulated physics program) at the branch faculty
of New York Institute of Technology, and at least one other en-
vironment typical of the Nassau County Secondary School System.

Concurrently, to train those members of the community operation-
ally involved with the educational process (the learners, the
teachers, the guidance counselors, the department chairmen, the
administrators, the school board members, the trustees, and such
other members of the social, industrial, and political communi-
ties as can provide additional opinions or expertise in the
development and implementation of a superior learning system) at
both the secondary and collegiate levels, so as to ensure effec-
tive operation of the system.

To disseminate to interested segments of the educational and social
communities the findings and conclusions of this study.

II. Procedures

A,

In order to accomplish the objectives of the project an "action
research" program has been prepared, which will, when successfully
implemented, achieve the specific goals previously set forth.
Procedurally, the action research program may be considered to
encompass several interrelated categories of activities.,

An initial and continuing activity category covers the design and
development of the computer-based management system itself,
through which the assessment, revision, restructure, optimization,
and validation of the instructional system is to be accomplished.
Since the system is self-generating and self-correcting, these
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C.

D.

activities involve empirical implementation and observation under
actual school conditions, and testing, modification, and retesting
in such a viable situation,

Therefore, a concurrent category of activities addresses itself to
the development of subject matter courses, with all appropriate
support material, and their testing, revision, restructure, and
ultimate optimization and validation, These activities are
governed within the instructional management area of the system.
The method of attack -- the step-by-step procedure whereby the
courses are behaviorally defined, structured, refined, and vali-
dated -~ evolves directly from the system design and is controlled
and directed by the computer-based management system,

A third category covers the tasks involvad in the replication of
the management system and the teaching of the sample courses in
the selected other environment, and the training of those per~
sonnel concerned -- at the Institute and among the cooperating
school systems,

Finally, there is the dissemination of the findings of the study
for broad application throughout the educational community,

These major categories of activities g0 on, to a certain extent,
concurrently, and one cannot proceed to culmination without the
others,

The course development activity, particularly as it reaches the
implementation and assessment stage, depends entirely upon the
management system with its immediate feedback and analysis. The
management system, conversely, requires the course development
activity as its "test bed" upon which it bases its own growth and
shape. Final validation of both the course and the management
system depends upon the experiences of the replication experiment,

A step-by-step outline of the pProcedure is set forth below, the
steps including:

1. Development of the system desien for the computer-managed
system. This system is Presently being designed at New York
Institute of Technology by the in~house staff of the Insti-
tute's Advanced Systems Laboratory., The management system
encompasses subsystems., Among the present major educational
subsystems comprising the model are:

a8, Goals (curriculum objectives expressed in behavioral
terms delineating precisely the substance of the edu~
cational program and the skills and knowledge to be
learned)
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J. Students (as inputs to the system, with profile struc-
ture, academic levels, proficiency attainment, and all
other relevant data relating to their selection znd
subsequent education)

ce Curriculum, course, and instructional content (software
and progrems designed to accomplish goal specifications)

d. Instructional strategies (the combination of methods,
media, and organization required to conduct the learning
prugram)

e, Assessment, tests, and procedures (ranging from student
performance through program cost effectiveness)

f. Instructional decision-making and prescriptions

g. Feedback and restructure mechanisms

h., Organization and facilities (personmnel, facilities, faculty,
and equipment required to support other subsystems)

Implementation of the system at New York Institute of Technology.

a. Accumulation of all pertinent input data appropriate to the
subject matter areas and the teaching-learning environment
involved, determining as much as is practicable about the
students, the existing programs, instructional strategies,
media employed in the subject matter areas, past performance
records, etc, During this process of data accumulation, the
faculty is directly involved. Specific steps include:

(1) Primary faculty orientation
(2) =amination of student qualifications
(a) Prerequisite knowledge base, scores as avail-
able in basic knowledge areas, recency of

learning experiences of prersquisite knowledge

(3) FExamination of prior performances of student in the
major subject area categories

(a) Analysis . achievement test scores in each de-
fined area

(4) Discussion with faculty to:
(a) Define level of comprehension ultimately to be
achieved by the student upon successful com-

pletion of the ccurse and in each major subject
matter area category
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(b) Define existing overall course objectives

(c) 1Identification of current behavioral objec-
tives, if any

(d) 1Identification of existing remedial prescrip-
tions

(e) Review of existing instructional strategies,
order of presentation (sequencing), and media
and teaching aids employed

(f) Review of existing tests and assessment
(g) Review of existing achievement criteria

Analysis of all input data thus accumulated, and (giving

due respect to faculty desires) the defining of suggested
changes and additions to existing course objectives, par-
ticularly by determining areas in which improved quality

of student performance (or reduction of time while main-

taining acceptable quality) is clearly indicated

Development of modifications and additions to existing

course content, including new overall course objectives

Preparation of behavioral objectives. When all the above

detailed steps necessary for the development of course
content, course objectives, planned remedial areas, etc,
(the syllabus) have been accomplished, the researchers
then redefine the detailed behavioral objectives neces-
sary to fulfill the syllabus, taking into account:

(1) Level of instrnction desiredl
(2) Total time allowed for the overall course

(3) Specification of enrichment or optional behavioral
objectives

(4) The requirement that the sum of all the behavioral
objectives in each subject matter area cover the

topic to the level desired by the faculty

Sequencing the courses considering such factors as:

(1) Existing student knowledge and skills
(2) 1Interaction of subject matter content

(3) Sequencing based on historical patterns (population
stereotypes)
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(4) Instructor and/or learner preferences and biases
(5) Difficulty of material
(6) Availability of media

Development of the proficiency measures to:

(1) Expose areas for remedial branching

(2) Establish the extent to which behavioral objectives
will have been achieved

(3) Permit assessment of learner or class achievement
and establishment of learner or class standing

Selection of media of instruction, identifying resources,

and determining instructional strategies, based upon the
following criteria (some of which are particularly perti-
nent to this program, in view of the flexibility and ease
of modification available in a computer-managed instruc-
tional system):

(1) Success (or failure) of existing resources and strate-
gies as currently used at New York Institute of
Technology and at similar institutions. (Effective
use is to be made of those resources that have been
proved to be successful in related programs,)

(2) Ease of preporation and relative cost

(3) Ease of modification

(4) Applicability to evaluation or scoring

(5) Uniformity with which techniques can be applied. (Can
quality control be maintained? One of the advantages,
for a computer-managed instructional system, or of pre-
taped ETV, over a live classroom presentation or demon-
stration, is that in analyzing and evaluating the
results of the instructional program, the noncontrol-
lable variable of teacher performance is eliminated.)

(6) Ease of transition to remedial branches

(7) Consistency of media, as applicable to a sequence of
learning units.

(8) Fase of transition from one media to another

(9) Naturalness (for example, using audiotapes, if the
learning problem involves differentiation of sounds)
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(10) Need to sustain interest

The correlation of media selection and instructional strategy
planning is very close, and all the above criteria may well be
applied to this decision-making area. 1In the course of previous
instructional development programs with which the Institute has
been involved, including on-going internal efforts, the over-
riding criteria for the development of instructional strategies
is the simple accumulated judgment of the best way to get to the
goal; i.e., to achieve the behavioral objectives,

h. Provision of initial instructional materials, choosing from
existing appropriate resources or producing new materials

The computer-management aspects of this program presuppose test
and assessment of all elements of the instructional process, and
revision, restructure, retest, and further restructure on a con-
tinuing basis, This methodology dictates that the instructional
materials, particularly in their early generation, be as inex-
pensive and suitable for modification as is consistent with the
minimum effectiveness required for evaluation. 1If, for example,
a motion picture is judged to be the optimum device in a given
situation and no appropriate film is available from existing re-
sources, it is initially produced by the "minimum film" process;
after evaluation and analysis of the content presentation has
indicated needed revisions, and these, in turn, have been made
and have been tested, the film can be remade with appropriate
technical perfection.

Assessment, analysis, and revision of the instructional manage-

ment system.

Critical to the success of the computer management is the Auto-
mated Adaptive Feedback Subsystem (AAF) developed as part of the
management system (see Figs. 1-3). In essence, AAF is a self-
adaptive system embodying prediction, evaluation, record-keeping,
and feedback mechanisms. The objective of the AAF subsystem is
to provide a logical basis for simultaneously improving curri-
culum and optimizing instructional decision processes for in-
creasing individual student performance.

Perhaps the single most important design characteristic of the
proposed subsystem is its property of continual improvement.
This allows for continuous testing of new ideas in course pre-
sentation and content. In addition, the system continually im-
proves its prediction capabilities relating to individual
student instructional strategies. The proposed AAF subsystem
can be the kernel of a much more extensive feedback system
relating academic and post-academic (occupatioral) functions.
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MODIFY CURRICULUM OBJECTIVES
TO IMPRO\'E POST-ACADEMIC

PREPARATION (IMPLIED MODIFICATION |
OF COURSE AND UNIT OBJECTIVES)

INPUT- STUDENTS 'l
FOR POST~ACADEMIC
PREPARATION

| ADMISSIONS
SUBSYSTEM |

REGISTRATION
SUBSYSTEM

RECORD AND DATA
BASE SUBSYSTEM

AUTOMATED ADAPTIVE
FEEDBACK SUBSYSTEM

? (AAF)
* TEACHING AND CURRICULUM
g SUBSYSTEM
3 ACADEMIC FUNCTIONS
| !
g OUTPUT — PREPARED
STUDENTS AS DEFINED BY
CURRICULUM OBJECTIVES FOLLOW~-UP STUDY OF
J’ STUDENT PREPARATION
FOR POST-ACADEMIC

PARTICIPATION IN REQUIREMENTS

POST-ACADEMIC

FUNCT!ONS T

D4R Al B N |

Fig. 2: Flow Design: AAF Subsystem as Kernel of Extensive Feedback System
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STUDENT DIAGNOSTIC TEST BATTERY, MEASURING ATTITUDES
AND APTITUDES

CLEARLY DEFINED AND MEASURABLE OBJECTIVES FOR EACH
UNIT, COURSE, AND CURRICULUM

PREDICTIVE CAPABILITY (EQUATION) FOR OPTIMAL STUDENT
MANAGEMENT

MULTI-MEDIA PRESENTATION OF SUBJECT MATTER INCLUDING
CAl

VALIDATED TESTS AND EXAMINATIONS WHICH MEASURE STUDENT
ATTAINMENT OF OBJECTIVES

RECORD KEEPING FOR:
STUDENT
TEACHER
COURSE AND CURRICULUM
SYSTEM

CONTINUED EVALUATION OF SUBSYSTEMS:
STUDENT RELATING TO
PREDICTIVE EQUATIONS ~ INSTRUCTIONAL STRATEGIES
COURSES AND CURRICULUM
TEACHER
RECORDS
SYSTEMS

CONTINUAL FEEDBACK OF FINDINGS TO IMPROVE SUBSYSTEMS
EFFECTIVENESS WITH RESPECT TO SYSTEMS OBJECTIVES

Salient Elements of the Proposed Adaptive System
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Although cxtensive analysis and design will be required for
this subsystem, the following requirements seem evident:

a. Design feedback mechanism
b. Establish appropriate diagnostic test battery

c. Quantify measurable objectives for units, courses, and
curricula

-

d. Establish appropriate statistical techniques as the basis
of the decision-making processes relating to:

(1) Choosing apprc, riate samples
(2) Correlations between student data and
(a) Achievement
(b) Learning efficiency
(c) Retention
(d) Prediction

(3) Criteria and testing for superseding existing equa-
tions, units and diagnostic tests

(4) Item analysis for unit questions

(5) Criteria and testing for evaluating effectiveness of
feedback system design

e. Validate tests and examinations as truly measuring objec-
tives of system

f. Program feedback mechanism

g. Incorporate record-keeping capability outputs

h. Program statistical algorithms

i. Integrate total systems programs

Alternative means by which the systems functions can be accom-
plished will be investigated and developed preliminary to the
final systems evaluation.

The implementation of the managed instructional program in the
four subject areas, their restructure, and the optimization of

design, methodologies, and resources initiated during the first
year will continue as an on-going phase of the program.
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The research design of the program for testing the educational
efficiency of the instructional management system is set forth
in a separate Institute publication. This model has been suc-
cessfully employed in previous studies at New York Institute
of Technology, and, although originally developed for the
general physics curriculum, is equally applicable to the elec-
tronics, mathematics and computer courses,

A procedure initiated during the first year will be the use of

a committee of appropriate subject area teachers and consultants
from other environments, working with the subject matter spe-
cialists from New York Institute of Technology in the articul-
ation of the new programs, particularly in regard to the upper
high school and lower college levels of the mathematics and
physics courses,

A feature of this organizational pattern will be the oppor-
tunity for the teachers and the consultants to test out a daily
application of the evolving system in the classroom. Necessary
modifications can take place immediately in this way, thus
eliminating the necessity of waiting still another year or
longer to make essential changes, Thus, short term as well as
long term feedback mechanisms are on-going elements of the sys-
tem,

Data will subsequently be processed to evaluate the validity of
test questions, to permit the teacher to have an in-depth eva-
luation of the effectiveness of learning or teaching per unit,
and to indicate certain areas of instruction for retention or
rejection and emphasis or de—emphasis in future courses (see

Fig. 4). These data will also permit the keeping of a history

of each student so that his progress in the course can be charted
and observed for guidance purposes, his fundamental areas of
strength or weakness can be recognized, and appropriate supple-
mental instruction can be provided.

Procedures for restructure and optimization initiated during
the first year will continue throughout the entire project, in-
creasing in scope and value as the data base is augmented and
the systems design improved.

Orientation and involvement of those people concerned with the
educational process in the environments under consideration, and
training of the operational personnel.

This activity is on-going throughout the program. Continuous

contact on an almost day-to-day basis will accomplish much of

this objective, Certain structured procedures will, neverthe-
less, be instituted.
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III.

The orientation programs and work programs are considered a
vital part of the project. The New York Institute of Tech-
nology has presented programs of this type in the past with
the Mineola School System, the Wantagh School System in Nassau
County, the Brevard County School System in Florida, the Anne
Arundel School System in Maryland, and for the Committee for
Cooperative Action, representing a cluster of seven districts
in Nassau County. Furthermore, personnel at the New York
Institute of Technology have acted on a subcontractual basis
as consultants for The Educational Council, representing the
57 districts of Nassau County, and have presented materials
before committees outlining methods and resources as well as
explaining instructional management as orientation for the
members.,

The activities planned for the proposed program (which are
similar to the previous successful experience) include pre-
sentation sessions at least once a month for participating and
cooperating school staffs, In addition, workshop sessions are
provided in which participation by the individuals is required.
These sessions will cover topics such as systems and management
concepts, data processing, etc., They will also include pre-
senting relevant new concepts to educators (for example,
demonstrating the utilization of the computer as an important
tool in decision-making for administrators, teachers, guidance
counsellors, and students).

5. Dissemination of the findings of the study for broader appli-
cation of the system and subsystems.

The presentation of the findings is to be disseminated in the
professional literature and appropriate professional congre-
gations. The Institute staff will also offer its services for
consultation to interested school systems who might wish to
apply the system in their own settings, and will operate on-
going seminars for appropriate professional groups.

The Institute will publish a detailed f£inal report, to be made
available as appropriate through the U.S. Office of Education.

Desired Qutcomes

The demonstration of the effectiveness of just-outlined "System for
Individualizing and Optimizing Learning Through Computer Management of

the Educational Process" will have pertinence beyond the limits of
mathematics, physics, electronics, and computer programming at the col-
lege level. The system will have applicability to a wide range of grade
levels and a broad spectrum of subject areas. It should be understood
that it is the primary purpose of this project to study the viability of
such a management system; the development of the specific course content
and format is secondary, although the products thereof will be substantial,
and capable of replication in other learning situations.
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The experience gained in introducing change in school systems should

be helpful to other innovators. The program is aimed at arriving at

a better learning system than is presently in operation either at

New York Institute of Technology or in the cooperating school systems.
The program should result in better organized, accurate, hard data
relating to the materials, equipment, and systems that will be used in
actual instructional operations. It will certainly provide for testing
and assessing the various instructional methodologies employed, as well
as verifying the content and the performance of the software and strate-
gies used to obtain any particular learning point. It will also pro-
vide a frame of reference, and assessment data relating to a set of
strategies, a set of instructional materials, and a set of hardware
suited to the four subject areas under consideration, and relevant to
the needs of particular students undergoing these learning experiences.

The professional teams concerned with this program will have integrated
into the instructional process an extensive range of media, selected
from among all the texts, films, television tapes, audio tapes, trans-
parencies, slides and filmstrips, workbooks, and behavioral games
available today, and any other materials that are necessary to attain
the educational aims of the courses, and to design new aids and devices
when needed.

Computer-assisted instruction as a technique will have received due
attention. It is intended to experiment with CAI as a prime rescurce
in the computer sciences program. The objective here is to provide
experience in the use of CAI (and to evaluate its effectiveness) for
the teachers and students in the Institute and in the cooperating sec-
ondary school system.

The computer-based analysis and evaluation of the results of the use

of this range of relevant material should enable a teacher to move

from the old pattern of selecting from a variety of uncoordinated mat-
erials to a coordinated integrated system capable of easy updating, and
based upon a store of specific experience about particular learning
materials, equipment, and softwvare demonstrated to be pertinent to the
subject matter areas treated experimentally in this program.

To summarize, among the desired outcomes of this proposed research pro-
gram will be the development of a model computer-based educational
management system that will have improved individual student learning;
that will have been demonstrated operationally feasible and capable of
replication in other educational environments; and that will have
yielded data serving to demonstrate the validity and cost-effectiveness
of such a system.

Courses in four subject areas, optimized as a result of data feedback
and analysis, will have been developed, and training of teachers and
other participating specialists, at New York Institute of Technology and
the secondary school educational environment in which the system wi .l
have been replicated, will have been accomplished.
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DISCUSSION: ALEXANDER SCHURE

Question: I would like to know if you can give us an example -- you can
use any one of the curriculum areas —— about how the system is capable of
adjusting itself,

Reply: Let me answer this question by describing the philosophy and
guide lines which we used to govern the development of the New York Insti-
tute of Technology Transitional Physics Course.*

Question: You mentioned that you are really working on systems for urban
and suburban uses. What are we doing for small, isolated rural schools
with these kinds of programs?

Reply: Eventually, centralized computer time-sharing facilities from or-
ganizations such as CEMREL or NEEDS will answer this question. The time
is coming when access to data facilities will be available to a rural

area without the need of the local constituency to maintain a supporting
staff. The probable links to the central computer could very well be
touch-telephone input, some kind of data transmission device, and an out-
pﬁt device as simple as a high-speed teletypewriter. Through conventional
telephone lines, the rural schools would be able to access a support faci-
lity now not available to them,

Question: I am interested in the composition of the group of people that
is necessary to produce an operating system such as you're talking about,

Reply: The New York Institute of Technology has about ten people in various
categories of support, including senior analysts, senior programmers,

junior programmers to provide input of information to the computer, and

two junior system analysts (as a minimum) working with the educational
teams,

Question: What kind of people are they? Where do they come from?

Reply: All kinds and types. The educational community draws them from
wherever they can be found., Some are university trained, and others come
from the business or industrial fields with prior experience in machine
techniques. A larger cadre of qualified people are becoming available
from the increasing number of university and private school programs
related to various aspects of computer science. The New York Institute

of Technology has its own computer science program which helps augment its
personnel bank.

Question: You mentioned programmer availability., What about the avail-
ability of the systems analysts? What are we doing to develop these
people?

* A full description of this course is given as an Appendix to this
discussion.
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Reply: Substaantial numbers of top systems analysts have not been readily
attracted in significant measure to the educational institutions, mostly
for reasons of institutional fizance capacities. Matching industry's
salaries is difficult for the average institution,

Question: What would be necessary to take this system out of your insti-
tution, lift it, move it to another institution, and plug it into the
proper hardware to make it work?

Reply: Time and training of staff has taken a year and a half to rep-
licate one system, primarily because what's plugged into the system has

to grow out of the user school itself. The original system is a guide and
a skeleton. In the replication, it is adapted to the prime reeds of the
school. The most important element in transferring the system is provi-
sion for adequate training for those who will be concerned with its
operation. In Nassau County, replication is based on a lead time of a
year to make the system fully operational.

Question: Are the programs available?

Reply: I think they will be. Some of the work that we're doing is in
the public domain, Many programs are legally available, but often there
tends to be a proprietary withholding on the part of the staffs that have
developed them., But I would say that your answer, within the next years,
would be yes.

Question: Don't you think that (in the answer to the previous question)
many of the people in those programs in the schools (after they've re-
ceived this instruction) will become readily available?

Reply: Yes, I'm sure that they will., My reservation occurs because 1
thought that the question related to senior systems analysts who are
capable, for example, of building a mathematical model of complex systems.
They're not so readily available. I think that more of them will be com-
ing along soon. There should no+ be a staffing problem within a few years
in the lower level of systems ¢ ration personnel., There is little dif-
ficulty in getting people to program or run your 1500 system. For

routine work, many professors and teachers have the capability and talent.
This is less true with the very sophisticated analysis, I've found.

Question: Maybe you'd like to indicate the kinds of educational back-
grounds these very sophisticated men might come from?

Reply: They vary, but most have a highly mathematical orientation --
usually from majors in physics, mathematics, or related fields, We're
talking about the upper systems analyst levels., Let me insert a caution
here —— not all of the analytical requirements to solve an educational
problem are so complex as to require this kind of person. You will be
able to find, graduating from many jnstitutions, an increasing number of
students perfectly capable of designing excellent operational systems.
Still, for the discernable future, people of top capacity are going to
be in very high demand. The market is open to them, their oppor-
tunities for choice are diverse, and very often they do not enter the
educational world. It is just as exciting to work on operational analy-
sis for IBM, General Electric, or Horeywell, with their attendant benefits
and status, as it is to work for an educational institution -- and, un-
fortunately, often more lucrative.
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APPENDIX: NYIT TRANSITIONAL PHYSICS COURSE

Scope, Objectives, and Media

The NYIT Transitional Physics Course is based upon many of the recom-
mendations of the Physical Science Study Committee as set forth in the
text published by Heath and Company, as well as material outlined in
Physics, Fundamentals and Frontiers by Stollberg and Hill (Houghton-

Mifflin), and essential elements culled from the New York State Regents
Syllabus for Secondary Schools, as well as the considered consensus of
the NYIT Physics Department faculty (see "Analysis of Subject Matter"
below). Most of the subjects have been increased in depth sufficiently
to validate the transitional nature of the course.

The general instructional objective of the course is that the students
who complete it meet the NYIT Physices Department's minimum performance
requirements for enrollment in the Institute's three-semester college
course,

The scope of the course includes a range of information and skills,
beginning with significant figures, scientific notation, and measure-
ment, through all of mechanics (statics, kinematics, dynamics,

heat and temperature, geometric and physical optics, electricity and
magnetism, wave motion and sound). It does not include modern or nuclear
physics (these topics are to be developed at a later date).

Instructional media include the Autotutor and its intrinsic programs,
audio tapes, slides, single-concept 8-mm films, sound movies, video
tapes, self-operated demonstrations, and instructor-supervised labora-
tory exercises. In addition, one or more instructors are constantly
available for individual student conferences.

The fundamental objective of the multi-media articulated transitional
course is to teach a greater number of approved topics in a shorter
length of time than has ever been possible by conventional methods, and
to permit self-pacing according to accepted standards.

METHODS OF DEVELOPMENT

Analysis of Subject Matter

Analysis of subject matter by empirical methods involving various eva-
luative techniques has resulted in a course curriculum couched in terms
of behavioral objectives. The behavioral objectives were initially de-
veloped by analysis of a broad base of relevant authority and empirical
material,

First, a review was made of all pertinent sources, including the findings

of the New York State Committee for Review of Secondary School Physics
curriculum, the recommendations of the Physical Sciences Study Committee
(PSSC), and the examination of presently existing approved tests and assess-
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ment measures in parallel courses, such as the New York State Regents
examinations. Then a consensus of the Physics Department Staff of the
Institute was derived, on the following criteria:

l. Examination of student qualifications (prerequisite knowledge base)

2. Prior performance of Institute students (analysis of achievement
test scores in each defined area)

3. Level of comprehension ultimately to be achieved by the student upon
completion of the course

4, Existing behavioral objectives
5. Existing instructional strategies

Assessment of each objective in terms of student performance has Leen in
process for some time and will continue in the future., It is anticipated
that the application of several methods of logical analysis as well as
empirical evaluation will result in a final set of behavioral objectives
which describe a rich and rewarding course in transitional physics, yet
one which is free of repetitive materials or subject matter segments that
are already part of the student's stock-in-trade,

The preliminary complete Autotutor course has already been printed on
35-mm film, based upon the initial set of behavioral objectives generated
by staff analysis of PSSC recommendations and modern texts as noted; in
addition, some assessment work has been done on these objectives with the
help of a limited number of high school students who volunteered their
services during the summer., The empirical evaluation techniques will be
continuously applied until the final course of study is completely evolved.

Classification of Objectives

Behavioral objectives for a discipline such as physics (also applicabie
in other fields) may be classified functionally to good advantage. Any
given objective may have as its outcome behavior which indicates that
the learner has fulfilled the following outcomes (all outcomes are not
necessarily exhibited by every learner):

l. Has committed an essential tool fact to memory and can reproduce this
fact at will

2. Understands and can reproduce a principle or law of general nature

3. Can apply any single principle, law, or concept tc the solution of a
single-step problem, descriptive or numerical, in which direct sub-
stitution is indicated

4, Possesses the requisite basic mathematical skills to convert an
equation or proportion on the desirrd level to a form that is usable
in solving a single-step problem in which direct sbustitution is not
possible, as in this example:
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Given that centripetal force, F = myzlg, find the tangential
velocity of a body in a circular motion in which ¥, m, and r
are known (this requires the ability to solve the equation
literally for v)

5. Can make decisions involving the order and handling of sequential
steps in the solution of a multistep problem (descriptive or
numerical) selecting and evaluating the required principles

6. Can make decisions which permit him to discard ''false clues" and
select for use only those factors which have a bearing on a problem
situation

Attention is called to the underlined phrases in outcome behaviors 5 and

6. It is believed that decision-making behavioral objectives in physics
represent the cssence of true education in the subject (or for that matter,
in virtually any field). The reaiization of decision-making objectives
demands that appropriate attitudes and methods of attack be developed as
necessary for each individual learner., It is in this area where self-
pacing plays its most important role.

The decision~-making objectives can be subclassified in various ways. 1n
general, for physics, the following subclassificzations appear to be valid:

Given a multistep problem situation:

a. The learner must be able to list physical relationships which may
possibly have a bearing on the solution

b. He must be able to discriminate betwee<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>