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“Could you use Pat Branch?

She can type an order,
produce invoices,
update a mailing list,
prepare management reports,
and help keep track of 82,000 things.
All atonce!

Of course, she gets a lot of help from her machine.

The 2201 FLExowRITER* automatic writing machine
by Friden.

Pat works for Modern Talking Pictures Service, in
one of their branch film libraries. Modern equipped
their principal branches with 2201’s to speed the flow
of paperwork involved in distributing 82,000 movies
to over 200,000 groups.

The 2201’s ability to read and automatlcally type
routine customer data (name, address,
etc.) from either paper tape or edge-
punched cards has meant that every
order Pat types now takes 80% fewer
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keystrokes. And 60% less time.

While Pat is busy with the order, the 2201 is busy
punching another tape for direct input to Modern’s
computer in New York. The computer processes these
tapes to update mailing lists, produce invoices, and
prepare detailed reports for management.

How efficient can you expect any girl—or any
branch office—to be? Let us give you a demonstration.
Call your nearest Friden office, or
write Friden, Inc., San Leandro,
California 94577. Sales and service
throughout the world.

Friden
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Why select Sangamo Data Stations
for keyboard applications?

Ask the operator who uses one.

“It speaks ‘English.’
No confusing codes
to learn. Makes
training a snap.”

“It's almost silent and
magnetic erasure provides
instant error correction.”

“There’s more work space.
Plenty of leg room.
Even a drawer for

personal belongings.”

“It's the easiest to operate.
Simple tape threading
takes mere seconds.”

It's human engineered! And that's only the begin- machines. Alpha-numeric display—no Octal or
ning of the new Sangamo Data Station’s major ad- EBCDIC codes to learn. Installation includes pro-

vantages. It produces computer compatible tape—  fessional operator training by Keyboard Training,

climinates cards—saves computer time—doubles  Inc. Resident customer engineering service.

as a verifier—its electronics are 400% faster than  Delivery now starting in two series: DS-7000 and

the other leading keyboard-to-magnetic tape  DS-9000. Interested? Let’s communicate!
SANGAMO ELECTRIC COMPANY Springfleld, lllinois 62705
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PROMPT, or Program Monitoring and Planning Techniques, is the new management
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provides detailed computerized reports to all levels of management so that they Berkeley Enterprises, Inc.
know exactly what's happening at any phase of the program cycle . . . down to the 815 Washington St., 617-332-5453
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vance to enable rapid correction, Editorial Offices

PROMPT is adaptable to any computer operation, BERKELEY ENTERPRISES, INC,

815 WASHINGTON STREET,
PROMPT assures that all levels of management get the information they NEWTONVILLE, MASS. 02160
need, when they need it, so that any problem can be quickly and efficiently
corrected.

CIRCULATION AUDITED BY
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torical data for estimating costs and evaluating individual performance.
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Berkeley Enterprisec, Inc, 815 Washington St., New-
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Special Feature: Computers and Education

16 COMPUTERS AND EDUCATION

by Glenn L. Bryan

An evaluation of three major types of use of computers in education where the computer
is on-line and the student is included in the loop of interaction: (1) the “ad lib” approach;
(2) games and simulation; and (3) controlled learning.

20 COMPUTER SIMULATION OF A SCHOOL SYSTEM

by Roger L. Sisson

How the first computer simulation model to deal with the problems of education manage-
ment was designed; some idea of the potential benefits computer simulation holds for
education — and what the development of computer simulation means to educators, as
well as computer scientists.

24 COMPUTERS IN EDUCATION:
EDUCATION SYSTEMS

by Dr. Robert J. Seidel

How the potential of the computer for monitoring the entire learning environment has set
the stage for educators and psychologists to join together in understanding the complexities
of human learning — and thus create a vast revolution in teaching, learning, instruction,
and education.

THE COPERNICAN REVOLUTION IN

30 TIME-SHARING VS. INSTANT BATCH PROCESSING: AN EXPERIMENT IN
PROGRAMMER TRAINING

by Jeanne Adams and Leonard Cohen

A preliminary case study to'test whether the advantage which users find in the inter-
active mode provided by time sharing is simply quick turnaround time.

41 COMPUTER-ASSISTED
PUNCH PRESSES

by George G. Mathews and Harold G. Rhodes

How a new computer program processor called IMP (Improved Manufacturing
Procedures) reduces the program effort required to produce part control fapes for
numerical-control punch presses.

PROGRAMMING FOR  NUMERICAL-CONTROL
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The magazine of the design, applications, and. implications of information processing systems.

The front cover photo-
graphs were taken in the
Computer-Assisted Instruction
Center of Computers and
Automation in Newtonuville,
Mass. Some of the potential
for the use of computers in
education is illustrated in the
expressions of five-year-old
Shelley Langdale (daughter
of the Associate Editor of
C&A), as she receives some
instruction, tries her hand at
it, discovers an error . . . and
receives more instruction. The
computer in the background
is a Digital Equipment Cor-
poration PDP-9, used for
courses, instruction, and re-
search at the Center. Courses
deal with the fundamentals
of computing, programming,
and systems, with emphasis
on hands-on operation of the
computer in subjects of par-
ticular interest to students.
For more information, see the
announcement on page 67 of
this issue, or inquire of C&A’s
Computer-Assisted Instruction
Center.
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‘@ EDITORIAL

Computers and Education: Forecast

In a few years access to computers will be as common as
access to copying machines.

The price of an interesting and powerful modern small
computer nowadays is around $10,000. In a few more years,
that price will be $5000. In a few more years after that, the
price will be $3000. Amortize that $3000 over 60 months,
and the cost becomes $50 a month for over 400 usable hours
per month of computer time, or less than 15 cents an hour.
This is not much of a cost for at least a third of American
families and schools; so the computer can be actively in use
for education and many other purposes; and it will become
as much a part of home life as the family car, and as much a
part of school life as the classroom projector.

Probably 90 percent or more of all computer programs do
not require access to large central files of information. And
in cases where a computer program on a local computer does
require such access, a dialed connection via telephone line
to a large computerized file for a minute, ought to be able
to load the disc memory of the local computer with all the
information the user needs for at least the next few hours.

Under these new and revolutionary conditions, what is
likely to be the effect of the programmed, small and inex-
pensive computer on education and learning?

One of the primary effects will be that the learning en-
vironment of the student studying by himself will become
active instead of passive. The learning environment with its
programmed computer will respond to the student intelligent-
ly and in a friendly, skillful, cooperative way. The pro-
grammed computer will become a completely personal tutor.
A good book, which is a “guide, philosopher and friend”
in a passive sense, when closely interlinked with an appro-
priately programmed computer, will become a “guide, philoso-
pher, and friend” in an active and even interactive sense.
The learning environment and the programmed computer
together should lastingly encourage the student to become
interested, excited, and happy in life-long learning.

Some of these effects have been described in the reports
of Dr, Richard Kobler and Responsive Environments Cor-
poration. See Dr. Kobler’s article in Computers and Auto-
mation, November 1967, entitled “The Talking Typewriter —
and the Learning of Reading in a Disadvantaged Commu-
nity.”

A much earlier example of these effects is the airplane
simulator, in which pilots and crew practice “flying” a new
plane long before it is delivered. Then when the multi-million

dollar plane is at last produced and arrives, the entire crew
is ready to fly it and fly it well.

A second effect will be a considerable change in the work
of school and college teachers. They will graduate from
much of the ordinary teaching they now do, in arithmetic,
algebra, calculus, grammar, spelling, physics, etc., and change
over to dealing in a more skillful and personal way with other
tasks, those that computers have trouble with. One such task
is listening to a foreign language as spoken by a student,
and correcting his individual mispronunciations. Other such
tasks are helping students to express themselves well in writ-
ing and composition, providing psychological guidance to
students who have troublesome personal problems, etc.

Perhaps the most profound effect of all will be the multi-
plying factor on the amount of education produced in the
world. For the same amount of expense, perhaps 10 to 20
times as much education will be produced. This is like the
effect of the invention of the printing press in the late 1400’s,
and the mass production of books. This is like the effect of
the invention of the automobile in the early 1900’s, and the
mass production of automobiles. People did not choose to
continue to travel four miles a day on the average — they
chose instead to travel 40 miles a day on the average.

How should we measure amount of education, or amount
of learning — if we refer to a ten times increase? This is
not hard; people do it all the time and very quickly, in both
business and social situations. The amount of education ac-
quired by a person is measured by his knowledge, behavior,
attitudes, and skills, and his answers to sample questions, and
his responses to sample situations. For example, an educated
man does not make unsupported sweeping statements; he
continually tags most of what he says with something like
“it seems to me”; and he is ready to change his mind on good
evidence. For a second example, when you are sitting in the
front seat of a car as a passenger, you can decide in three
minutes whether the driver of the car is a good driver or a
bad one, by watching his decisions about the driving situations
that he encounters.

The multiplying factor on the amount of education pro-
duced could very well transform society and civilization. It
might produce a world almost full of educated people in-
stead of a world almost full of uneducated people.

For there are a great many things that all of us could do
much better if we could only apply what the wisest of us
knows.

Edhmnrd C
Editor
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If you can’t afford anextra S
fake it.

Get remote batch.

Most companies that need an extra Sigma, but can’t
afford it, get a Volkswagen.

The VW picks up stacks of punched cards at out-
stations, runs them back to your computer, then
back to the boondocks. It’s a big waste of time. A
programmer away from headquarters gets only a
few passes through your computer each day.

Our remote batch lets the boondocks transmit
directly to your computer. Programs get queued im-
mediately, instead of being held up by traffic jams.

The system is unique in the industry: it doesn’t
cost an arm or a leg. You can have the 7670 card
reader/punch/line printer for $810 a month on a

four year lease. Communications equipment for
your center runs $196 per terminal each month, for
the same length of time. But we’ll toss in the pro-
gram for free. Or if your comptroller prefers, buy
the system.

The only other item needed to give small stations
large computing ability is a telephone line for each
station. You’ll be able to trans-
mit data as fast as a voice grade
line will permit.

1t’s slightly slower than being
there. But an awful lot faster Scientific Data Systems,
than a VO]kSW&gCIl. El Segundo, California
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AS WE GO TO PRESS

PROGRAMMATICS INC. HAS BEEN AWARDED A SOFTWARE PAT-
ENT. The patent (No. 3422404) was awarded to David
E. Ferguson, president of the company, for an "Ap-
paratus and Method for Decoding Operation Codes in
Digital Computers”. It covers methods for using re-
dundant command codes for computers or interpretive
languages, and, according to the company, will in-
crease the effective capacity of small word-size
computers.

Patent Office guidelines state that computer pro-
grams cannot be patented. But reportedly because
the courts have recently overruled the patent com-
missioner on this point, and because the Programma-
tics patent includes both hardware and software, the
firm had little difficulty in obtaining the patent.

ADAPSO IS CONTINUING ITS FIGHT AGAINST BANKS OFFER-
ING DATA PROCESSING SERVICES. The Board of Direc-
tors of ADAPSO voted unanimously on Feb. 14 to ap-
peal to the Supreme Court a U.S. Court of Appeals
ruling that upheld a lower court decision which
would permit banks to perform data processing ser-
vices.

ADAPSO brought its suit against the Comptroller
of the Currency of the U.S. and the American Nation-
al Bank & Trust Co. of St. Paul, Minn., charging
that when the Comptroller authorized national banks
to perform data processing services for bank custom-
ers, the National Banking Act was violated. ADAPSO
claimed that this action would cause its members to
lose a substantial part of the data processing ser-
vice market.

ADAPSO spokesmen said they were confident that
the Supreme Court would hear their case.

XEROX CORP. AND SCIENTIFIC DATA SYSTEMS HAVE REACHED

A TENTATIVE AGREEMENT TO MERGE, according to announce-

ments by the presidents of both companies. The terms
of the proposed transaction call for the exchange of
one share of Xerox common stock for each two shares
of SDS common stock.

The merger is subject to approval by both com-
panies' directors and shareholders, as well as a
favorable tax ruling. The annual meeting for Xerox
shareholders is scheduled for May 16; no date has
been set for a vote by SDS shareholders.

WESTINGHOUSE ELECTRIC CORP. HAS BEGUN PRODUCTION OF
WHAT IT CALLS ITS FOURTH GENERATION SERIES OF COM-
PUTERS, the Prodac 2000 series. Four plug-in cir-
cuit cards comprise all of the basic P-2000 — the
input/output, memory, and arithmetic functions. A
malfunction can be corrected by simply replacing

one of the four integrated circuit cards. Spares of
the cards will be available on a lease basis, and
faulty cards can be returned to Westinghouse for
repair.

Offering both modular hardware and software, the
P-2000 is designed to cover the market area between
the upper limits of wired logic capability — such
as simple data logging — and the middle limits of
large sophisticated computer systems. The computer
can be expanded by simply adding additional circuit
cards or portions of cards. The new computer costs
less than $10,000 for basic hardware, but will also

be marketed as a key component in systems that could
cost more than $1 million.

THE SPECIAL INTEREST COMMITTEE ON THE SOCIAL IMPLI-
CATIONS OF COMPUTING (SICSIC) OF THE ACM HAS BEEN
DISSOLVED because of an apparent lack of interest

on the part of its members to maintain the commit-
tee. The action was taken on the recommendation of
the chairman of the ACM Committee on Special Interest
Committees and Groups, Jean Sammet.

The official ACM procedure is for Special Inter-
est Committees to become Special Interest Groups
after one year. Thus SICSIC was dissolved when it
showed no signs of activity and no complaints had
been received about its inactivity.

TWO TOP LAWYERS ON IBM'S LEGAL STAFF WERE RECENTLY
PROMOTED, possibly in preparation for IBM's defense
in the anti-trust suit recently filed against it by
the Justice Department.

Burke Marshall, IBM Vice President and General
Counsel since 1965, has been elected a senior vice
president, and will become part of IBM's Management
Committee. (The Management Committee reviews the
plans of the firm's operating divisions and examines
new and revised corporate policies.) Nicholas deB.
Katzenbach has been elected a vice president, and
will succeed Marshall as General Counsel. Both men
are former Justice Department employees.

The editorial staff of Computers and Automation
has received several queries on the possible effects
of the several suits recently filed against IBM.
Until the cases have been argued and the evidence
weighed in court or before a judge, it is not very
reasonable to draw any solid conclusions. In the
long run, it seems likely that the suits will be
settled by way of a consent decree some years from
now, and that IBM will continue to be a very strong
company, as it was after the last consent decree.

SHOULD YOUR ORGANIZATION BE IN “THE
COMPUTER DIRECTORY AND BUYERS’ GUIDE, 1969"?

The Fifteenth Annual Edition of the "Com-
puter Directory and Buyers' Guide" (a special
issue of C&A to be published additionally in
June 1969) is now being prepared.

If your organization has recently entered
the field of computers and data processing,
or if you are not sure that we have your or-
ganization's name on our mailing list to re-
ceive entry forms in March for this Direc-
tory, please write us at once and ask us for
your free entry forms:

Directory Editor
Computers and Automation
815 Washington Street
Newtonville, Mass. 02160
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Why should you spend $135.00 for this book?

You could get most of the information in it for free.

Just do what we did. Compile a list
of all software package vendors. Call
in their salesmen. Get these objective
specifications in detail — CONFIGU-
RATION: Hardware Supported,
Equipment Required, Special Features,
I1/0 Variables, File Organization,
Source Language, Supervisor, Number
of Programs and Discrete Steps. GEN-
ERAL: Cost, Documentation, Purchas-
ing Conditions and Vendor Support.
(Make sure on these last ones.)

Cross-index all information by Ap-
plication, Hardware and Vendor.
Then develop an evaluation proced-
ure. ( The staff consultants at System
Interaction Corporation did: GUIDE-
LINES FOR SELECTION, EVALUA-
TION AND PURCHASE ©.) Use it
to determine which of the over 150
commercial, third-generation software
packages described in the guide meets
your specific demands.

©1969, S.I.C.

Keep your information current. De-
vote a few days each month to finding
out what’s been modified, what’s new,
and who'’s got it.

Sure you can do it. And, if you’re
adding applications you’ll have to do
it. But if you've got more important

work waiting . . . well, we've already
done it for you.

For $135.00 you'll get your copy of
SOFTWARE PACKAGES: AN EN-

CYCLOPEDIC GUIDE®.

The price includes everything we've
mentioned plus first year’s quarterly
updates, postage and handling. Future
annual update service will cost $50.00.

| system interaction corporation
| Publications Department: CA-1
| 8 West 40th Street, N. Y., N. Y. 10018

1 Please send me
. WARE PACKAGES: AN ENCYCLO-
PEDIC GUIDE, at $135.00 per copy.
| UPAYMENT ENCLOSED

I O PURCHASE ORDER ENCLOSED

| ADDRESS
: CITY
| STATE

: TITLE

-

copies of SOFT-

UBILL ME
O BILL MY COMPANY

NAME

COMPANY

ZIP

e —

Letters To The
Editor

Candor

Somehow I didn’t receive the August
issue¢ of C&A. Could you supply a
copy please? I am most anxious to read
your editorial of that month. A copy
of your memorandum would be most
appreciated too.

Your comments on pages 8-10 in the
December issue (“How to Spoil One’s
Mind — As Well As One’s Computer —
Some Comments”) were accurate. Loss
of faith in our elected leaders has been
the major cause of our nation’s woes.
Congratulations on your insight and
candor.

R. W. ROSENBAUM

Systems & Industrial Relations Research
2618 Colonial Way

Bloomfield Hills, Mich. 48013

(Ed. Note — Thank you. A copy of the
August issue and the memorandum are
being sent to you.)

Retrieval of Legal Information

After reading the article “Automated
Retrieval of Legal Information: State
of the Art” in the December 1968 issue

10

of Computers and Automation, 1 feel
compelled to make this comment: It
was a well-written summary of articles
on legal indexing and information re-
trieval which have been listed in the
ACM’s Computing Reviews. Therefore
it seems to me the subtitle, “State of
the Art” is misleading.

May I respectfully recommend that
you solicit an article from someone who
is solving or has solved the problems
which present themselves in the flow of
information in, around, and through the
legal process, rather than present sum-
marized viewpoints of supersalesmen?

HUB S. RATLIFF

Data Processing Consultant
P.O. Box 22487

Houston, Tex. 77027

So Why Study?

I read the book A Guide to Mathe-
matics for the Intelligent Non-Math-
ematician by Edmund C. Berkeley. I
thought it was good. Do you know of
any books which make analytic geom-
etry and calculus a little bit easier to
learn and understand? I haven’t been
in college for 6 years and I plan to go
back soon. My hardest (worst) subject
was calculus. I like it but I can’t un-
derstand much of it.

Another thing I would like to know,

if computers one day will duplicate the
mind of a human being and be able to
think much better and faster than we,
then why should I invest 10 or 12 thou-
sand dollars in a college education when
it won’t do me a bit of good? It (and
1) will become obsolete and computers
will have the answers to everything (and
much quicker and more accurately than
I). I want to major in Chemistry or
Physics. What good would it do me to
learn these things, if some machine can
learn them better? What can I con-
tribute to these sciences? Nothing, ex-
cept just learning them for my own
knowledge.

GERRY KASUGA
337 Louise Ave.
Bellevue, Ohio 44811

(Ed. Note — There are a number of
books on analytic geometry and calculus
which make them easier to learn and
understand. I suggest that you go to a
large library nearby and look up 15 or
20 of them, and see which you might
think most helpful, and then obtain
those. I also suggest you talk with a
professor of mathematics at a nearby
college.

The relations between computers and
human beings are more complicated
than what you suggest in your letter.
Although computers will be able to do
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some intellectual activities better and
cheaper than human beings, it will be
over a hundred years before they “dup-
licate the mind of a human being” if
they ever do. In the meantime, a col-
lege education will be most useful.

Proof Goofed -— Again

Upon examining the January 1969
issue of Computers and Automation, I
found an error in the table of contents
(page 5): The words “Annual Index
for Vol. 16 (1967)” listed there should
have read “Annual Index for Vol. 17
(1968)”. This is not the first time I
have found errors on the Table of Con-
tents page. I have come to the conclu-
sion that the Table of Contents page
should be used on the Proof Goofs page
frequently.

CHARLES ARONOVICI
366 Cochran Ave.
Los Angeles, Calif. 90036

P.S. I have no other complaints about
your magazine!

(Ed. Note — We regret the inexcusable
error, due to insufficient care, of listing
on the January Table of Contents page
the wrong year for the annual index
actually published. The department
“Proof Goofs” deliberately excludes all
newspapers and magazines and includes
books only — because newspapers and
magazines are always published under
the pressure of meeting rigorous dead-
lines.)

Chess Playing Programs

If I remember correctly, your maga-
zine has featured articles that have
referred to man/computer chess play-
ing programs. I don’t recall any writer
offering the reader a source from which
a write-up of such a program might be
obtained. I would also be interested in
the record of any significant game in-
volving a competent human player. I
would appreciate information concern-
ing the source of such documentation
as may exist.

ROBERT ]J. HUNT

Chief, ADP Office

Dept. of the Army

P.O. Box 103, Downtown Sta.
Omaha, Nebr. 68101

(Ed. Note — The most important
chess-playing computer program that I
know of is a program at Project MAC
called the Greenblatt Program. I un-
derstand that it plays on a number of
DEC PDP-6 computers besides the one
at Project MAC. The address of Proj-
ect MAC is ¢/o Mass. Inst. of Technol-
ogy, 545 Technology Sq., Cambridge,
Mass, 02139.
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1 New and Better
Communications with ...

Teremare 300

ACOUSTICAL COUPLER

TELEMATE 300 was designed and developed to specifica-
tions of DACC, a time-sharing computer company that

knows the needs of users.

That's why Telemate 300 is more
compact, more reliable and elegantly

styled.

Top Quality « Competitively Priced

e Easily portable

o Data Rate: 300 Baud

® Carrier and on/off lights

o Highly selective tuned
oscillator circuit

e Half/full Duplex

e Triple tuned circuitry

® AGC circuit and

FULL WARRANTY o

Interface

24175 Northwestern Highway
Southfield, Michigan 48075

@ Acoustic isolation
min. 20 db

o Teletype or EIA

® Optional: Carrying case,
originate/answer, cable
interface, loud speaker

WRITE FOR BROCHURE

— DHACC

DIRECT ACCESS COMPUTING CORP.

Communications Equipment Group

313/358-5000

Use TELEMATE 300 with your
telephone and/or your teletype
system. Comes in walnut and at-
tractive office decorator colors.

Designate No. 22 on Reader Service Card

Payroll Systems go on-line
faster with ALLTAX"™

the software package
available in basic COBOL
for all compilers.

ALLTAX calculates payroll
withholding taxes with one
standard formula and a table of
variables for each state and city.
It eliminates programming of
individual formulas and substan-
tially reduces program mainte-
nance and memory requirements.

ALLTAX is approved by all
states. It’s easy to install, com-
pletely tested and documented.

ALLTAX is always up-to-
date. Automatic program main-
tenance for existing withholding
taxes and new taxes is available
at minimal cost.

Find out why more than 100
companies from coast-to-coast
are using this low-cost package.

o e . — —— — . —

Write today for full information:

_______________ -
Management Information Service E
P.O. Box 252, Stony Point, N.Y. 10980 |
Gentlemen: |
Please send full details on your |
ALLTAX software package. |

|

Name |
Title I
Company :
Address |
City }
State Zip |
_______________ A

Management Information Service
Stony Point, N.Y. 10980  (914) 942-1880

Designate No. 11 on Reader Service Card
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MULTI-ACCESS FORUM

MARTIN LUTHER KING
MEMORIAL PRIZE CONTEST

Computers and Automation has received an anony-
mous gift and announces the annual Martin Luther
King Memorial Prize, of $300, to be awarded each
year for the best article on an important subject in
the general field of:

The application of information sciences and engi-
neering to the problems of improvement in human
society.

The judges in 1969 will be:

Dr. Franz L. Alt of the American Institute of
Physics; Prof. John W. Carr III of the Univ. of
Pennsylvania; Dr. William H. Churchill of How-
ard Univ.; and Edmund C. Berkeley, Editor of
Computers and Automation.

The closing date for the receipt of manuscripts this
year is April 30, 1969, in the office of Computers and
Automation, 815 Washington St., Newtonville, Mass.
02160.

The winning article, if any, will be published in the
June issue of Computers and Automation. The deci-
sion of the judges will be conclusive. The prize will
not be awarded if, in the opinion of the judges, no
sufficiently good article is received.

Following are the details: The article should be ap-
proximately 2500 to 3500 words in length. The article
should be factual, useful, and understandable. The
subject chosen should be treated practically and realis-
tically with examples and evidence — but also with
imagination, and broad vision of possible future devel-
opments, not necessarily restricted to one nation or
culture. The writings of Martin Luther King should
be included among the references used by the author,
but it is not necessary that any quotations be included
in the article.

Articles should be typed with double line spacing
and should meet reasonable standards for publication.
Four copies should be submitted. All entries will be-
come the property of Computers and Automation. The
article should bear a title and a date, but not the name
of the author. The author’s name and address, and
four or five sentences of biographical information about
him, should be included in an accompanying letter —
which also specifies the title of the article and the date.

TUNNEL VISION — COMMENTS

I. From William E. Blessing
Federal Highway Adm.
Bureau of Public Roads
1717 H St. N.W.
Washington, D.C. 20006

Your editorial [“Tunnel Vision”] in the January 1969 issue
commented on the naivety of a remark attributed to Mel
Seligsohn to the effect that computers don’t think.

A computer, as any other piece of machinery, can do no
more than it is designed to do, and it may have to do less
depending on the constraints under which it must operate,
In the case of a computer, it is a program, whether built
into the hardware or read in, that causes the computer to act
in a particular way. It is not the computer doing the think-
ing, but the program. You point this out in your editorial
where you tell about the checker-playing program improving
its strategy from experience. I notice you do not say the
computer improved its strategy from experience. It should
not be forgotten that the program was developed by a human
being.

I don’t believe it’s so naive to say that computers do not
think, but I’'m probably suffering from tunnel vision.

II. From Christopher J. Shaw
System Development Corp.
2500 Colorado Ave.

Santa Monica, Calif. 90406

In your January editorial, you deride as “a naive remark”
exemplifying “tunnel vision,” an assertion to the effect that
computers don’t actually think, as some people still believe —
including, I suppose, the editor of Computers and Automa-
tion. You mention (as evidence to the contrary?) Samuels’
checker-playing program, and you go on to discuss the fallacy
of “the argument of the beard” without, evidently, realizing
its applicability to your previous argument. Just because it is
impossible to rigorously define a dichotomy (such as the dif-
ference between being bearded and being beardless, or be-
tween human thinking and mechanical computation), that is
no evidence the difference isn’t real. Is this, perhaps, an ex-
ample of tunnel vision on your part?

1. From the Editor

There are three questions which should be asked, and dis-
cussed:
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1. What is thinking?
2. Does a computer think?

3. Is it worthwhile to decide whether computers think
or do not think?

First: The common word “think” received most of its
meaning in the days before computers. In those days it was
evident and accepted that most human beings did think, and
that some clever animals (both domesticated such as dogs
and elephants and wild such as foxes and chimpanzees) did
think. In other words, human beings and other animals were
able to take in problems, “mentally” work out sensible solu-
tions to them, and apply those solutions in situations. Text-
books on the measurement of intelligence describe such prob-
lems and solutions. In those days if any non-human animal
had been found which was able to learn checkers and gradu-
ally come up to playing a championship game of checkers,
most certainly that animal would have been classified as
thinking. Now clearly it is not scientifically honest to change
the definition just because non-animal machines display abil-
ities which if displayed by an animal would certainly be
called thinking.

Second: Over and over again the word computer is used
with the meaning programmed computer; a digital computer
that could not be programmed in any way would never be
made, and of course it would not think. So is it not scien-
tifically honest to quibble that it is the programmed com-
puter and not the computer unprogrammed that does what-
ever thinking may be done. For that matter, human beings

also are programmed — they are programmed by their years
of schooling and education and their contacts from birth on-
wards with human culture transmitted through hundreds of
generations.

Third: It is important to decide that computers do think,
because that rational decision made on the basis of reason-
able evidence changes the attitudes and behavior of human
beings who are investigators, scientists, engineers, or even or-
dinary people with ordinary capacities. In the same way it
was important to decide that the internal plumbing of ar-
teries, veins, and pump of one human being was like the
internal plumbing of arteries, veins, and pump of other human
beings, so that the way was open to consider transplanting
a heart from one man to another. We recognize many vari-
eties of thinking by human beings, from the thinking that is
done by an ordinary elevator operator (when he operates an
elevator), up to the thinking that is done by a composer of
a symphony, or the winner of a Nobel Prize in physics. Just
as many human beings think well in some ways and badly
in other ways, so do computers. And just as it is a mistake
to ask an ordinary elevator operator to conduct Beethoven’s
Ninth Symphony, so it is a mistake to ask a computer to
drive a school bus, pick up the right children, and bring them
to school.

To assert that a computer cannot think is to commit a
serious scientific and logical error. It is like the error of
asserting that the process of evolution did not create all living
species — a denial of a principle established by overwhelming
scientific and logical evidence. [}

ACCESS TO A COMPUTER FOR EVERY PERSON — A PREDICTION

Leon Davidson

Technical Director
Metroprocessing Corp. of America
64 Prospect St.

White Plains, N.Y. 10606

The December 1968 editorial in Computers and Automa-
tion on “Access to a Computer for Every Computer Person —
Are We There?” prompts me to suggest that a topic for a
similar editorial not too many years hence could well be
“Access to a Computer for Every Person — Are We There?”,

I have found, in my business of extending the availability
of Touch-Tone computer input systems to every telephone —
whether Touch-Tone or rotary dial — that there is no eco-
nomic barrier now to making computer services accessible
to the general public for many types of applications. How-
ever, a sort of vicious circle has impeded the widespread use
of these systems. Touch-Tone phone service is still limited
or unavailable in many localities because of the production
and equipment schedules of the telephone companies. There-
fore, marketing of general Touch-Tone input services hasn’t
been undertaken on a large scale.

There has not yet been any provision, that I am aware of,
for accepting Touch-Tone input on a public time-sharing sys-
tem. Several such input systems are under development, and
there are quite a number of in-house systems already in use,
but none accessible to the public. Therefore, the average busi-
nessman has had no opportunity to witness the performance
and judge the benefits of computer systems accessible over his
regular telephones.

I think the recent advent of portable Touch-Tone terminals
is going to break that vicious circle and make it feasible to set
up large-volume applications in any geographical pattern re-
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quired by a business. This should induce time-sharing systems
to equip some of their input ports with Touch-Tone data
sets, allowing pioneering public telephone-input systems to be
established. These new portable terminals, such as the one
you showed on p. 42 of your December issue, can be acousti-
cally coupled to the ordinary telephone set without extra
charge, under A.T.T.’s new tariffs.

Improvements based on experience may soon bring the cost
of a portable Touch-Tone audio-response terminal down be-
low $100 per unit. At those prices, every working person
whose job justifies someone’s investment in a box of tools,
a typewriter, or a car, can also justify having one of these
portable personal terminals with him at all times, for use on
any telephone.

Of course the general public, including businessmen and
business employees, is not going to want to do programming
over these, or any other, terminals. Applications will be set
up to provide uncomplicated, loosely-structured, input re-
quirements, capable of use by the average Joe and Jane.
Output will be chiefly by voice-response systems heard over
the telephone earpiece, but printers are already on the market
for use in situations that require hard copy output.

This whole area of public access to computers should be
breaking wide open in the next couple of ‘years, and may be
the next big growth area in the computer field. I would sus-
pect that you could schedule that editorial for your December
1970 issue, and not be far off. O
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ECKMAN AWARD TO BE GIVEN AT 1969 JOINT AUTOMATIC CONTROL

CONFERENCE

The Donald P. Eckman Award Comm. of AACC
¢/o Systems Research Center

Case Western Reserve University

University Circle

Cleveland, Ohio 44106

A certificate and cash award of $300 will be granted for an
outstanding contribution in the field of automatic control at
the 1969 Joint Automatic Control Conference to be held
Aug. 6-8, 1969, in Boulder, Colo.

Nominations are invited in support of outstanding individ-
ual young contributors to the field of automatic control, sub-
ject to the following qualifications:

(a) Contributions may take the form of technical or sci-
entific publications, theses, patents, inventions, or com-
binations of the above in the field of automatic con-
trol.

(b) Applications will be accepted in support of candidates
who are less than thirty years of age.

(c) The contribution for which the Award is sought must
represent work performed prior to the age of 27 while
resident in the U.S.A.

(d) Supporting evidence must include a full professional
résumé and letter of recommendation by at least one
responsible supervisor.

(e) All supporting documents shall be in the English lan-
guage.

Nominations for the 1969 Award must be submitted before
May 6, 1969, and should be sent to the address above. O

CALLS FOR PAPERS: ACM SYMPOSIUM ON PROGRAMMING LANGUAGES
DEFINITION — CONFERENCE ON APPLICATIONS OF SIMULATION

The ACM Special Interest Group on Programming Lan-
guages (SIGPLAN) calls for papers to be presented at the
Symposium on Programming Languages Definition to be held
August 24-25, 1969, in San Francisco, California, immediately
prior to the 1969 National ACM Conference.

The conference will be concerned with the definition of
syntax and semantics of programming languages, self-defining
languages or extendible languages, and with mathematical
models of programming languages. Appropriate topics for

Papers are invited for presentation at the Third Conference
on Applications of Simulation to be held Dec. 8-10, 1969, in
Los Angeles, Calif. Only papers concerned with discrete
simulation (using languages such as GPSS and SIMSCRIPT,
but not limited to them) will be considered. Suggested topics
include:

Statistical Considerations

Recent Language Developments

Corporate and Financial Models

Transportation and Distribution Models

Computer System Models and Languages for Modeling
Computer Systems

Manufacturing Applications

the conference include, but are not limited to, models of
language definition, correctness, termination or equivalence of
algorithms, user-defined extensions to language skeletons, au-
tomatic program verification, automatic detection of program
parallelism, etc. The deadline for papers is April 30, 1969.
For further information contact: Dr. James A. Painter, IBM
Corp. Research Lab., Dept. 978, Bldg. 025, Monterey and
Cottle Rds., San Jose, Calif. 95114.

Acrospace Applications

Social System Models

Gaming

Job Shop Scheduling

Urban System Applications
Simulations of Large-scale Systems

Only papers which have not been presented or published
previously should be submitted. Complete papers will be pub-
lished in the Conference Proceedings. Three copies of a 50-
100 word abstract, together with a working title, should be
submitted no later than March 31, 1969 to: Philip J. Kiviat,
Program Comm. Chrmn., The Rand Corp., 1700 Main St.,
Santa Monica, Calif. 90406. O

FOUNDING COMMITTEE FORMED TO ESTABLISH SOCIETY FOR MANAGEMENT

INFORMATION SYSTEMS

Robert V. Head, Chairman
SMIS Founding Committee
11734 Wilshire Blvd.

Los Angeles, Calif. 90025

A founding committee of leaders in the electronic data
processing industry has been formed to establish a new pro-
fessional society, the Society for Management Information
Systems (SMIS). The objective of the new group is to pro-
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vide an interdisciplinary forum for people concerned with all
aspects of management information systems. It is not in-
tended to duplicate or overlap the work of existing societies.

SMIS will serve management systems directors, top-level
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c oa
PROOF GOOFS

Neil Macdonald
Assistant Editor

We print here actual proofreading errors in context as
found in actual books; we print them concealed, as puzzles
or problems. The correction that we think should have been
made will be published in our next issue.

If you wish, send us a postcard stating what you think the
correction should be.

We invite our readers to send in actual proofreading errors
they find in books, not newspapers or magazines (for example,
Computers and Automation), where the pressure of near-at-
hand deadlines interferes with due care. Please send us:
(1) the context for at least twenty lines before the error, then
the error itself, then the context for at least twenty lines after
the error; (2) the full citation of the book including edition
and page of the error (for verification); and (3) on a sepa-
rate sheet the correction that you propose.

We also invite discussion from our readers of how catching
of proofreading errors could be practically programmed on a
computer.

For more comment on this subject, see the editorial in the
September 1968 issue of Computers and Automation.

Proof Goof 693
(Find one or more proofreading errors.)

The science-built world of engines and laboratories in
which man lives has grown up apart from man himself. Sci-
ence has not instructed man — it has only implemented him.

A very proper sense of confusion has thus fallen upon man-
kind. His elected representatives do not understand the gad-
gets and machines which have come into being, or their con-
sequences, or their social implications, or even the reason for
the existence of many of them. Soil erodes away. States be-
come dust bowls. People are unemployed and famished.
Prices rise. Bread grows scarce. The radio blats away all
day and night without the dimmest notion of responsibility
for the effect of what it says. Men and women harbor in
their houses machinery the workings of which they do not
have the intelligence quotient to learn to comprehend by any
possible means of instruction. Men and women drive auto-
mobiles which are so much better and more dependable, as

executives working with Management Information Systems,
educators in graduate schools of business, MIS resource peo-
ple, and members of the general public who are interested
in MIS.

Members of the Founding Committee include: Dr. James
C. Emery, Associate Professor, Wharton School of Finance &
Commerce; Robert B. Forest, Editor, Datamation magazine;
Mel H. Grosz, Vice President, Esso Mathematics and Sys-
tems, Inc.; Dr. Alan J. Rowe, Chairman, Dept. of Manage-
ment, School of Business Administration, University of South-
ern California; James G. Rude, Vice President, Information
Systems, Pillsbury Company; Robert G. Stevens, Vice Presi-
dent, First National City Bank, New York; and Robert K.
Wilmouth, Senior Vice President, First National Bank of
Chicago. O
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natural objects, than the minds of the drivers that the net
result, aside from universal escapism, is a homicide total
higher than that of all our war casualties put together.

But science continues irresponsibly to tender new tools —
airplanes, for example — and it is not bright of science.
There is nothing wrong with the tools. The trouble is with
the people. I would declare no truce against discovery. But
I do suggest new lines for scientific investigation. Men un-
equipped internally but overloaded by objects are sure to
stumble and fall to fighting. Again — one should not hand
loaded pistols to the youngsters in a day nursery; but that is
the learned procedure of this century. The proliferation of
goods mounts and mounts again. Avarice, imitation, the lust
for money, power and glamour — all primitive and unre-
strained impulses — control the consumer public. The de-
mented dogma of classicism reimbues the scientists with the
urge to continue the proceeding irrespective of all result.
And so they burn late oil, to freedom’s glory — or Hitler’s.

Our boots are not merely seven league: they stride the
globe. OQur eyes see through light years, Our ears hear
voices from every city on the planet. Our biceps tear down
cliffs. In every material sense, we have reached the end of
the legends, the finale of the fairy tales. All the physical
imagining of man, when he was limited to the power of his
own body, has been realized. But not any good whatever has
come of it — only the greatest evil man has yet endured.

During the decade before the onslaught of the current war,
society was very near to collapse, and one thing was certain:
in that prewar society of ours, not one per cent of the popu-
lation really understood the material advances of their time,
and of that one per cent, scarcely a man in ten thousand was
giving any large part of his effort to an intelligent study of
the hysterical dilemma. I say intelligent, advisedly. There
were myriad panacea-makers but almost none mentioned as
the cause — individual man.

Science had convinced itself that only the field of matter,
or energy, was worth exploring with its new instrument:
truth. Not one physical scientist in a thousand made a sug-
gestion for attacking the manifest shambles of the individual.
Salvation was expected even by the savants from a loosely
associated group of pseudo-scientific quacks who called them-
selves economists or sociologists. The plans of those persons,
probably, will go into the formulation of the next peace —
making that peace as unrealistic as its numberless precursors.
For this is the era when man subscribes his whole body and
soul, in so far as he can, to materialism, and farms out the
remnant to somebody called an economist.

— From Generation of Vipers by Philip Wylie, pp.
12-14, published by Pocket Books, A Division of Simon
& Schuster, Inc., 1 West 39th St., New York, N.Y.
10018, 312 pp., 10th printing 1968; first published,
1942.

Solution to Proof Goof 692:

Paragraph 4, line 5: Replace “changes” with “chances”.
Paragraph 5, line 6: Replace “risk of doing so” with “risk in
doing so”. O
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COMPUTERS AND EDUCATION

Glenn L. Bryan, Ph.D.

Director, Personnel and Training Research Program
Office of Naval Research

U.S. Navy Dept.

Washington, D.C. 20360

The future of computers in education is assured. The open questions
are: ‘How soon?’, ‘How much?, . . . and ‘How?

It is difficult to report on “Computers and Education”, be-
cause the topic is so new and what it includes is so fragmen-
tary that it almost defies concise description. But there are,
it seems to me, three major types of usc of computers in
education, where the computer is on-line and the student is
included in the loop of interaction (see Chart 1). In this
chart, the columns are arranged from left to right according
to the degree of control that the computer system exerts upon
the student’s next response.

In the Ad Lib category, the student takes charge. He calls
in computer programs to process data that he gives to it. When
necessary he, himself, constructs new computer programs to
serve his own purposes. As Professor Kemeny of Dartmouth
has eloquently argued, the computer age has indeed arrived,
and every well-trained college man needs to acquire facility
in dealing with computers and to be provided with adequate
on-line computer support. Some obvious advantages deriving
from providing generous amounts of ad lib computer re-
sources are listed in the chart. Some of those advocating the
ad lib approach are also listed there. The roster could be
extended. Often, in fact, each man listed in one column
could also appear in another, because the men in the field
have worked in more than one area.

Computerized Games and Simulations

The center column deals with the category of computerized
games and simulations. Here the student learns by doing. He
isn’t lectured to or preached at. His explorations and ma-
nipulations of the pseudo-world provided by the computer
allow him to experience the (often complex) interplay of
forces that exist in the real world. Properly-designed environ-
ments allow him to assess the consequences of his own actions,
to encounter rare or dangerous situations, and to devise and
test new strategies. This type of self-assessment can be aug-
mented by critique and guidance resulting from the compu-
ter’s analysis of the student’s activities. The amount of posi-
tive transfer from this type of training to the actual job
should be high. Also, working in a pseudo-environment is a
good way to help the student develop self-confidence after he
has been taught the rudiments of the job.

Military and space training programs rely heavily upon
elaborate simulators to provide training that is too expensive,
too dangerous, or too hard-to-control in the real-world case.
Up until recently, these have been designed mainly to be
something, namely, realistic substitutes for the real operation-
al equipment.

However, there is a growing awareness that being a safe
and economical substitute isn’t enough. Rather, greater at-
tention needs to be directed at what the training system
should do (namely, to guide and assist learning). This trend
is stimulated by: (1) the increased use of digital computers
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in the big devices; (2) the amount of publicity given to com-
puter-aided instructional concepts; and (3) a growing ap-
preciation of the training potential of games and simulation.

Effective beginnings involving augmented games and sim-
ulation have been made at a number of locations. Bolt,
Beranek, and Newman were among the carliest exponents of
this arrangement. More recently, the Electronics Personnel
Research Group at the University of Southern California has
been conducting useful exploration of on-line computing for
strict performance monitoring. In one case, they permit the
student to designate how much help he wants while tuning
and troubleshooting a complex transceiver. If he opts for
“None” (as against “Some” or “Lots”), he will be free to
proceed (without guidance or interference) to do as he
pleases except when he wishes to do something that would
produce catastrophic consequences. If he chooses “Lots”, he
will be told exactly what to do next at every point. As cur-
rently planned, the program can run against a functional
simulation of the transceiver or with the actual equipment,
free standing, alongside a computer terminal.

A related phase of this work is being carried out in con-
junction with Project PLATO at the University of Illinois.
However, in the PLATO case, the transceiver is tied into the
CAI system in such a manner that the system senses certain
states of the transceiver and controls still others.

Teaching Electronics Troubleshooting

An ingenious strategy for teaching electronics troubleshoot-
ing, devised by H. R. C. Dale, could easily be adapted to
CAI simulations. Basically, it requires the learner to seek
information (“make tests”) about a schematic diagram in
order to find the cause of the improper performance of the
equipment represented. If the student made a critical check
which would have revealed the difficulty immediately by
using the “wrong” strategy, the problem was secretly switched
to maximize the amount of work that he would have to do
to solve the problem. Conversely, a beginner who employed
the correct search strategy, but didn’t act as if he fully ap-
preciated the information he was acquiring, might have the
problem secretly changed as he was working on it, in order
to force success and thus reward the use of good strategy.

This ability to scale games and simulation to the charac-
teristics of the student is most advantageous. A beginner can
be given easy problems or have his performance evaluated
according to tolerant standards. An expert can be given ex-
perience with rare and difficult problems seldom encountered
in the real world.

Controlled Learning

In Chart 1, the final column is labelled Controlled Learn-
ing. In this category, almost everything, including the title
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TWO-WAY CLASSIFICATION OF COMPUTER-ASSISTED INSTRUCTION

ACTIVITIES

CATEGORY TYPE OF ACTIVITY:
1. Ad Lib 2. Games and Simulation 3. Controlled Learning
1. Degree of
Control Over None Constrained by the rules Essentially predetermined,
Student's of the game or by the systems-approach process or
Next Response logic of the simulation process control
It allows the student to: Plays a game or simulates 1) Produces a fixed single
1) manipulate data (e.g., a dynamic process path
perform calculations) 1) without augmentation 2) establishes level-of-
2) seek and find informa- 2) with augmentation mastery criteria for any
tion (e.g., table path traveled
2. What the "look-ups") 3) senses deviation from
System Does: 3) transform outputs (e.g., ideal path and guides
convert tabular display student back to that path;
to graph) 4) provides multiple paths;
with two types of branching
(major, minor); with two
types of model criteria
(fixed, dynamic)

Student can do more: Student learns by "doing" Sets specific goals.
problems, exercises, and and gets "experience in a Control is exercised (in
research, realistic context". detail) with respect to

Student can tackle: The game or exercise can be those goals.
complex problems, big chosen to emphasize
problems, realistic specific aspects of a task,

3. Some problems, problems to exercise specific

Advantages:

requiring extensive
computation
Student can concentrate on:

skills, or to be at a
specific level of
difficulty.

the "big picture"”, larger
issues, and conceptual (rather
than computational) matters

4. Workers in Oettinger, Culler-Fried,

Weizenbaum, Perlis,

Bitzer, Adams, Suppes,

this Area: Licklider, Swets, Kemeny Feurzeig Gerard
5. Subjective
Grade at B+ B- or C+ D+
this Time:
Chart 1. Three types of computer operations with the “student-in-the-loop.”

of the column, requires some explanation. The title is in-
tended to convey the notion that learning can be regarded
as a deterministic process, subject to control. These process-
control procedures are ordinarily called teaching, training, or
instructing. A person who advances this point of view must
be prepared to take charge of the learning process and regu-
late its occurrence and flow in a definite way.

The first type of controlled learning manipulates the con-
tent of the curriculum as a means for control. Exponents of
this point of view are greatly concerned about analyzing
the subject-matter domain into logical units which must then
be arranged to form a proper sequence. Customized curricula
are used as means for dealing with the special needs of in-
dividual students or groups of students. Computer Man-
aged Instruction (CMI) is achieving increased popularity as a
means for automatically collecting information about the stu-
dents and prescribing appropriate sequences for each student
with minimum “turn-around time.” While not strictly “on-
line”, this approach bears considerable resemblance to more
closely coupled CAI systems.

Stepping Stones

In this category, we may think of planning a curriculum as
the sort of planning that is involved in putting a string of
stepping stones across a stream. The type of stone selected
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for use, the place chosen for the crossing, the distance be-
tween the stones, etc. will be determined by such factors as:
the nature of the stream, how fast it is running, the character-
istics of the people who will be crossing the stream, the
loads they will be carrying, and so forth. Clearly, the kind
of stepping stone “bridge” required to allow your best girl
to cross a shallow stream without getting her feet wet would
be quite different from that  required to accommodate a
battalion of heavily-laden foot soldiers.

Checkpoints

The second instance of controlled learning shown in Chart
1 adds the capability for establishing subgoals and check-
points along a designated route. A system with this capa-
bility insures that the student achieves each subgoal before
being permitted to proceed to the next.

If we switch from the stepping stone analogy to a railroad
analogy, this new feature is similar to deciding that the rail-
road from A to X will go through B, C, and D. Further,
since there is little value in sending empty trains along the
route, each train will be given orders to pick up specific
freight at each intermediate point. To this we add procedures
for checking, to make sure that the designated freight has
been picked up before each train is permitted to leave each
station. We top this off with a computer to keep track of the
status of each train and its load and to compile the orders
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for each station master, and then we have a system that re-
sembles (in some ways) the Drill and Practice routines de-
scribed by Suppes. Decisions regarding the particular intel-
lectual baggage to be acquired at each stop, procedures for
deciding when the requisite baggage has been picked up, and
what to do if an inventory reveals deficiencies can be placed
under the automatic control of a computer program with an
alarm to solicit human assistance if certain unusual conditions
are encountered.

In the first two analogies the learner was confined to a
single path and was given no opportunity to stray from it.
But some subject matters are of such a nature that the stu-
dent has difficulty in staying exactly on any “ideal” path —
if it exists. Consequently, in those cases a system is required
to sense the student’s location with respect to the “path” and
to guide him back to it when he has strayed. Such a system is
analogous to the aircraft auto-pilot. Unplanned, but inescap-
able, perturbations create conditions which cause the aircraft
to deviate from its planned course. When such a deviation
is sensed by the auto-pilot, a correction is fed in to steer the
aircraft back to where it belongs. In the early days of pro-
grammed instruction, Dr. Norman Crowder developed the
“Scrambled Book™ as a device for determining whether a stu-
dent was on the ideal path and for returning him to it if he
had deviated. All systems which employ so-called “branching
strategies” lean heavily upon this feature.

Multi-Path Logics

The next group of controlled-learning variations is called
“multi-path logics.” It is tempting to use the term “tree” in
referring to the type of logic employed in these cases. How-
ever, the networks that are actually used are not true trees
since every divergence must somehow be compensated for by
a convergence somewhere down the line if every route does in
fact reach the goal. In other words, the networks are like
those shown in Figure 1 for interconnecting points A and X.

Figure 1. A multiple-path network connecting A to X.

A switch exists at every divergence or convergence. A time
dimension is implied, running from left to right. Thus, move-
ment through the network is always in that direction. The
system consists of alternate routes (i.e., every route eventually
leads to the goal). Important structural features such as
clearances, contours, and load limitations aren’t depicted but
are known to exist.

Planning the route for any given train (returning to the
railroad analogy) should take into account such factors as
terrain, clearances, condition of the roadbed, and the wea-
ther. It should also consider factors associated with the train
(its pulling power, etc.), the load (its size, weight, etc.), and
management constraints (such as cost and efficiency). Work-
ing out an optimum route for each train and an optimum
loading for the railway system is a sufficiently complicated
problem to require a computer. The computer would also
assist in the preparation of orders to be sent to the switchmen
to notify them when and in which position the various
switches should be set.

One would expect that a troop train would be sent along
one route, a 200-inch telescope mirror along another. A
heavy freight train and “Little Toot” would place different
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requirements upon the system. The network shown in Figure
1 clearly indicates a northern portion, a central position and
a southern portion. The decision to commit a train to one
of these major portions of the network is of a different mag-
nitude from the decision that is made at some of the minor
switch points. Furthermore, under some circumstances, it
would not be necessary to worry about the exact setting of
each and every minor switch so long as the major switches
were properly set.

To leave the analogy for a moment, it is surprising that
computer-based instruction hasn’t paid more attention to
major switching in terms of such factors as individual goals,
learning styles, teaching strategies, and performance styles.
To give a concrete (but hypothetical) example, suppose that
you wanted to give sales training to all of the salesmen in a
life insurance company. For the sake of simplicity, assume
that there are exactly two types of salesmen in the company;
call one the “backslappers” and the other the “brokers”. The
backslapper is open, affable, and interested in his clients as
people. The broker is formal and reserved; he is an expert
on devices for escaping taxes and taking advantage of in-
heritance laws. He delights in preparing official-looking port-
folios which seck to tailor an insurance program to your par-
ticular resources, goals, and obligations. Most likely, each of
these types could be given beneficial training. However, it
seems unlikely that a standardized course could be developed
that would suit both types of salesmen. It would seem more
sensible to try to help the backslapper become a more pro-
ductive backslapper and to help the broker become a more
productive broker. Routing individual salesmen according to
such stylistic considerations appears to be analogous to send-
ing one train along the northern route and another along the
southern route. It seems that these broader learning-related
variables should have enjoyed more research attention than
they actually have.

Micro-Route Logic

On the other hand, the micro-route logic has many ad-
herents. The term micro-route refers to the fine-grained plan
for selecting among alternative minor branches down to the
last detail. There are three ways that such routing could
(in principle) be accomplished: Omne: prior to departure,
the entire route is specified before the train leaves Point A
and then the plarned route is adhered to throughout the
trip. Two: at each switch, the train is tested with respect
to some prescribed.criteria when it arrives at a given switch
and then the train is disposed of according to the outcome
of the test. Three: as a result of the performance record
accumulated up to any point in passing in the network, pat-
terns of future planned switch settings are changed.

The first of these alternatives hardly seems in the spirit
of switching. It is more like customized curriculum planning.
The second is used extensively by CAI enthusiasts. Periodic
testing sessions are introduced to assess the student’s degree
of mastery, which then determines whether the student is
switched one Gvay or another. Smallwood’s work is one ex-
ample of the point of view. Perhaps Suppes’ arithmetic
drill and practice may again be cited as an example, this
time, of the third sort of switching strategy. In the third
strategy, the student’s regular performance (not a special
test) is used as a basis for determining what happens to him
next. Ideally, it takes into account the learner’s performance
while learning. Of course, Suppes’ work isn’t the only ex-
ample of this approach, and he deals only with one aspect
of the student’s performance. Effective computer programs
should be able to recognize persistent performance patterns
which the learner exhibits while he is learning, and these
patterns could serve as bases for readjusting significant num-
bers of switches in the balance of the network — not just the
next one. o
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Super-Adaptive Network

The final entry in the column is the super-adaptive net-
work. So far as I know, no one has gotten very far with this
sort of thing in the specific area of controlled learning. Such
a network would be one that alters itself and its own op-
erating characteristics as a result of its success in interacting
with past students (or with the current student on previous
occasions). Clearly some of those interested in learning
machines and artificial intelligence are looking forward to
such possibilities.

Advantages of Controlled Learning

As for the advantages of controlled learning, its obvious
strength so far seems to lie in the use of explicitly-set, ob-
jectively-measured goals and its thoroughgoing analysis of the
tasks to be performed. As might be expected, this is also a
source of considerable weakness. For it just might be that
human learning isn’t as deterministic as all that, and that
some useful bodies of knowledge are not fully amenable to
such analysis and goal setting. In any case, it is clear that
we must find out a great deal more about learning processes
before we can exercise effective direct control over them to
the extent required by the applications in the third column.

Evaluation

At the very bottom of Chart 1, each column has been given
a grade reflecting my assessment of where it stands in terms
of its potential. The ad lib approach is well ahead of the
others, probably because it overlaps the domain of non-educa-
tional computer applications to a great extent. This, of
course, isn’t to suggest that all of the problems have been
solved or that work in this area need be pedestrian or un-
imaginative. However, enough is known about the ad b
approach to permit realistic estimates to be prepared and
truthful proposals advanced to Boards of Trustees or other
governing bodies who are confronted with the difficult task
of allocating educational resources.

The second column is given B— or C+.

If this column were a student of mine, I would do my best
to encourage it to discipline itself, in order to realize a greater
proportion of its obvious potential.

The third column is hard to grade. It is clearly the most
difficult area in which to work. Impressive efforts have been
made, but progress has been slight. Many, many obstacles
of all sorts (technical, economical, social, psychological, you
name it) lie ahead. Dramatic demonstrations may be neces-
sary in order to attract the support required to underwrite
more aggressive research and development efforts in this area.
My present grade is D+.

A few general comments: First, the field of computers and
education, like all aspects of computers in America, has
grown impressively. The future of computers in education
is assured. The open questions are, “How soon?” “How
much?” and simply “How?” At present, we scem to be in
the stage that the auto industry was in during the early part
of this century. At that time there were many prophets of
doom; they were more than willing to call attention to the
absurdity of building private automobiles to supply a non-
existent market, for travelling on non-existent highways at
unnecessarily high speeds. But the American public decided
that it wanted automobiles. The early prophets have been
replaced (or, should I say, have been driven out) by another
kind of profits. Today, our very lives are structured (and
sometimes threatened) by the horseless carriage.

The introduction of color TV was even more surprising
and less predictable. After all, the early color sets were much
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more expensive than the black and white receivers. They
were far more unreliable and more difficult to repair; the
repairs themselves were costlier. The color sets showed (in
ghastly color) the same poor programs that could be seen
on the black and white sets. Yet, the buying public (many
of whom already had a black and white set) stood in line
to buy the color sets; they want to see a very limited number
of “color specials”. The public decreed that it wanted color
TV, and it got it.

It is not my purpose to equate the use of computers in
cducation with autos or TV. Rather, I just want to empha-
size that the American public tends to get what it wants, and
that it sometimes wants things that seem out of reach or ab-
surd. I think that the public wants the things that computers
can provide to education, such things as:

® remote access;
around-the-clock availability;
enduring patience;
student anonymity;
self-pacing; and
® some forms of individualized instruction.

The research efforts of those in this field at the present
time have made important contributions. Difficult problems
of many kinds still stand between the public and its desires
for better educational facilities. I venture to predict that
this society is capable of marshalling its resources to fulfill
these public desires.
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COMPUTER SIMULATION OF A SCHOOL SYSTEM

Roger L. Sisson
Management Science Center
University of Pennsylvania
34th and Spruce Sts.
Philadelphia, Pa. 19104

Last autumn, the school district of Philadelphia, Pennsyl-
vania, through its Division of Administrative and Survey Re-
search, began looking at some of its planning problems
through the projections of a computer-simulation model. The
model used was developed by the Management Science Cen-
ter of the Wharton School of the University of Pennsylvania
under a federal grant to the school district. It represents the
administrative process, at the top district level, of allocating
and spending money. The simulation of this process shows
the financial consequences of various management policies
carried out under a variety of assumed conditions,

Programmed in FORTRAN IV for an IBM System/360
Model 65, the model has no unusual state-of-the-art features.
It consists of 833 instructions, and takes up, including data
areas, some 51,264 bytes of core memory. Outputs are pro-
duced on a 1403 printer in both tabular and graphic form.
A series of four ten-year simulations can be run in 1.10 min-
utes. The model is run in one of two batch partitions of the
360/65, which mixes batch and real-time service under the
control of Operating System/360 — Multi-programming
Fixed TASK (MFT).

Yet, despite the lack of technological glamour, the model
is an important one. For one thing, it is the first to be de-
signed to look at the problems of education management.
For another, its application provides some idea of the poten-
tial benefits computer simulation holds for the education
field, and a review of its development says much, to the
computer scientist as well as the educator, about what has to
be done to realize these benefits.

Roger L. Sisson is an Associate
Professor of Operations Research
at the Wharton School of the Uni-
versity of Pennsylvania. He has
been a Senior Scientist at Auer-
bach Corp.; Manager of the Sys-
tems Dept.,, Aeronutronic Div.,
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Canning, Sisson and Associates.
Professor Sisson received his B.S.
(1948) and M.S. (1950) in Elec-
trical Engineering from the Massa-
chusetts Institute of Technology.
He has published numerous papers
and books. His latest book is A4
Manager's Guide to Computer
Processing (co-authored with Rich-
ard G. Canning).
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Simulating Resource Allocation

The model simulates the process of allocating the financial
resources of a school district by breaking the process into
four subsystems. These s