The Engineering of Software:
A Startling Contradiction

C. A, R, Hoare
The Queen’s University of Belfast
Beffast, Northern Ireland

“The atternpt to build a discipline of software engineering on such shoddy foundations must
surely be doomed, like trying to base chemical engineering on the phlogiston theory, or
astronomy on the assumption of a flat earth.”

The Comparison of Ideals

If words could cure the ills of our profession
of programming, what a healthy and highly respected
profession it would now be! We have had "modular
programming'; the craze for "structured programming™
Ras hardly yet reached the height of its commercial
profitability; and already we have a newcomer to
the charts — the theme we have all so long been
waiting for — yes, it's "SOFTWARE ENGINEERING",
The experienced programmer will greet the gladsome
tidings with a stifled yawn, and furn to more urgent
and important tasks. But perhaps there is something
he could learn from these catch phrases on their
passage from popularity to oblivion, Certainly, the
latest combination of the new but already tarnished
word "software" with the old and respected profes-
sion of engineering is such a startling contradic-
tion that it should give us pause. Let us compare
the ideals of the professional engineer with those
adopted by some programmers of the present day,

Ability and Understanding

One outstanding characteristic of the profes-
sional man, be he a doctor, architect or engineer,
is that he understands the real needs of his client
or employer, often very much better than the client
himself; and he has the ability and status to per-
suade the client to recognise his own interests and
to abandon his less useful flights of fancy,

Professional Integrity

Then he has the professional skill to recommend
from a range of knows and trusted techniques those
methods that in the given circumstance will achieve
the required effect at minimum.cost and inconven-
ience to the client, And finally, he has the pro-
fessional integrity to resign his post or commis-
sion if his recommendations are not accepted,

Resignation When Advice Not Taken

I fear that there is a sad contrast with some
programmers, whose only wish is that their client
should "make up his mind what he wants", and who
will welcome his most elaborate fancies as a chal-
lenge to their programming ingenwity. How many of
them are ignorant of, or prefer to ignore, the

Based on an article in the Computer Bufletin of December 1975,
puhlished by the British Computer Society and reprinted with permission.

known techniques used successfully by others, and
embark on some spatchcocked implementation of their

own defective invention? And I know only one program-

mey who resigned on the spot when his advice was not
taken by his less technically competent manager.

Reducing Costs and Increasing Reliability

A second characteristic of the good engineer is
his vigilance in seeking every opportunity to vre-
duce the costs and increase the reliability of his
product. He realizes that the conflict between
these two objectives can be resolved only by pre-
serving the utmost simplicity of concept, specifi-
cation, design, and implementation, Above all, he
ingists that he shall have a complete understanding
and contrel over every aspect of his project — and
the more difficult his preject, the more firmly will
he insist on the simplicity without which he cannot
understand what he is doing, Here again, we find
exactly the opposite characteristic in some of our
best programmers, who deliberately avoid simplified
solutions; they obtain satisfaction from the sophis-
tication of their designs and methods, and derive
excitement from engaging in projects of a complexity
slightly beyond their ability to understand and con-
trol, They may well succeed once; hut on the next
occasion they may discover that there is no way of
distinguishing (in advance) between what is‘'slightly
and what is totally beyond their comprehension,

Sound Theories and Techniques

A great advantage of the present day éngineer is
that his deésigns are based on sound mathematical
theories and computational techniques, discovered
over the years by his brilliant predecessors, and
now enshrined in textbooks and undergraduate teach-
ing, in mathematical tables, and in standard codes
of practice, But in spite of the soundness of his
theory, he still has many causes for worry that his
abstractions (and his product) may break down — a
faulty casting, a defective batch of components, a
lazy workman, or am unpredictable natural hazard.

The computer programmer has little worry of this
kind: his working material is the hardware of the
computer itself, and its reliability can usually be
taken for granied, Certainly, by far the most sig-
nigicant cause of failure in software are the errors
and oversights of the programmer himself., But here
perhaps he is not wholly to blame, since he has no
widely accepted mathematical or theoretical founda-

{please turn to page 18)
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Universal Vendor Marking (UVM : A Missing Link

William 8. Anderson
NCR

So. Main and K Sts.
Dayton, OM 45479

“In short, UVHM will reinforce the basic mission of all retail organizations — that is, buying and
selling merchandise more efficiently, and thus more profftably.”

A Universal Standard for Marking

No recent development in the retail systems
field is more vevolutionary than the selection of
a Universal Vendor Marking standard. As an equip-
ment manufacturer, I realize that a new standard
remains meaningless until it is actually implemen-
ted, And I view the Optical Character Recognition
(OCR-A) standard to be so important — to the re-
tailing industry, to merchandise manufacturers, te
equipment suppliers, and te the shopping public —
that I want to do what I can to assist in-its im-
plementation.

An Qld Standard Awaiting
Advances in Wand Technology

Although OCR-A offers great pofential for almost
every facet of retailing, it is not a new and un-
tested concepi, It was adopted as a U.5, general-
purpose data processing standard in 1966 -— 10 years
ago -~ and as an international data processing stan-
dard in 1969, However, its practical application
at the point~of-service awaited advances in wand
technolegy, which happily have now eccurred,

The UVM program being launched currently is due
to the efforts of those who saw the need for au
industry-wide marking standard, and who then spear-
headed the adoption of such a standard, Certainly
we are all indebted to ithe foresight of the efforts
of the Manufacturers Technical Advisory Committee
of the Computer and Business Equipment Manufacturers
Association; to the NRMA Systems Specifications Com-
mittee; to those merchandise vendors who are well
along in their planning for UVM; and to many others,

Together, they have created a merchandise iden-
tification system which is technically sound and
economically feasible, In doing so, they have
given us a way of forging the missing link — in
a chain of recent hardware and software advances
which can move retail automation into a new and
more productive era,

Reasons for Support
There are compelling reasons which cause the

equipment manufacturer to support the new universal
standard:

Based on a talk at the annual cenvention of the National Retail
Merchants Association, in New York, NY, January 1976.

— It is a standard chosen and promoted by NRMA
rather than by a single equipment manufacturer;
hence, it is a standard which everyome can support.

— The fact that if is human~-réadablé as well as
machine-readable offers both internal system bene-
fits and external customer benefits.

— It is a standard which can be printed by re-
latively inexpensive printing mechanisms of many
different types, Thus, it can be implemented at
less cosi than systems based on print/punch, bar
codes, or magretic codes. o

— Finally, it ‘cah. be used w1th v;rtually any re-—

tail medium including credit cards.'lnv01ces and
other control doCuments._ g:_.._ :

At first glance 1t mlg t. seem paradox1cal that
manufacturers of retail’ p01nt ~of-gérvice equipment
— several of which developed” th31r own- proprietary
systems for merchandise marking <« iow endorse a
Universal Marking standard.  In sctual fact, no
paradox exists, Before OCR- A, equipment manufact-
urers moved in the. only d1rect10n they could move

data input: each i

1 facturer_dﬁyeloped his own
standard. BRI :

‘Now that’ sztuatlon-has changed n«fand for the
better,. Wlth an 1ndustry “wide standard,” the equip-
ment supplier no longér has to manufacturs hardwave
capable of supporting différent system approaches,
The software problem is also”simplified, And we
recognize that implementation of the new universal’
standard will ultimately prdvide ‘a much broader
market for ‘$canhing systems, which in turm will re-
sult in lower—cost equlpment for our customers.

Scanning Equ ipment Costs

It has been said thai scanning equipment is too
expensive for widespread use in the general retail-
ing field. It is good to remember, however, that
the first computers used in rétailing were also
expensive, Yet today anyone can buy essentially
the same computing power as that provided by the
original Univac I, in a desktop electronic calcu-
lator costing a few hundred dollars. Over the long
run, new technology will be constantly shaving away
at equipment costs. Add te this the favorable ef-
fect of increasing volume, as scamning becomes wide-
spread, and the cost bugaboo begins to look rather
ingocuous.

8 COMPUTERS and PEOPLE for July, 1976

;
|
|

These are a few of the reasons why the equipment
manufacturer is willing to work with everybedy and
anybody to assist im the implementation of the Uni-
versal Vender Marking standard. It seems to me that
such a standard is equally attractive to the gen-
eral merchandise retailer and to merchandise vendors.

Inventory Control at the Unit Level

From the stapdpoint of the retailer, UVM gives
the merchant a powerful new tool for achieving in-
ventory control at the unit level rather than the
dollar level, thereby helping to improve return on
inventory investment. As we all know, the petential
benefits of unit control have long been apparent.
Yet for most stores it has been an elusive target,
The missing link has been a fast, easy, accurate
and low-cost method of capturing the data required
to keep track of unit merchandise movement from the
point-of-order to the point-of-service., OCR-A can
help make that possible.

And because scanning enforces accurate data cap-
ture, it can overcome — once and for all — the
perennial problem of lost or migplaced tickets that
for so long has frustrated the retail systems de-
signer, It is ironic that 25 years after the de-
velopment of the computer, black books are still in
daily use because buyers so often lack confidence
in computer reports, which of course can he no bet-
ter than the data upon which they are based,

Speed of Scanning

Equally attractive, from a systems standpoint,
is the speed with which GCR-A media can be scanned,
This makes it economically feasible to get all the
information needed — and to get it right., Last
but not least, source marking will get incoeming
merchandise to the selling floor faster, by reduc-
ing the burden of store-level marking, This is a
key consideration at a time when capital ig hoth
expensive and hard to get.

In short, UVM will reinforce the basic mission
of all retail corganizations — that is, buying and
selling merchandise more efficiently, and thus more
profitably,

Its advantages Lo vendors are alse significant.
These include improved stock control, faster and
more accurate filling of orders, and more timely
feedback on product reception in the marketplace,
In addition, UVM will simplify the marking task
itself, This is already occurring in the food in-
dustry as a result of that industry's adoptionm of
itg Universal Product Code,

The Consumetr’s Stake

And what about the, consumer? What is his stake
in this program? I think his stake is important
because UVM can mean new levels of shopping conrven-
ience, time saving, and greater proteclion against
error, It should also result in a:beiter selection
of merchandise, by dramatically reducing oui- of-
stock situations,

The advantages of UVM as seen by the equipment
manufacturer are real, and therefore our respective
industries should not lack incentive in getting be-
hind the UVM implementation program. Bul we sheould
recognize that what has been accomplished to date
is the easiest part of the task, The most difficult
part is still to come,

The Remaining Challenges

What, then are the remaining chalienges confroni-
ing our three indusivies — individually and col-
lectively?

For the equipmesnt manufacturer, there is a need
to acquire additional experiemce with the new NREMA
standard by installing working systems in a variety
of retail envirenments, NCR, for example, took its
first step in this direction last year with the in-
stallation of an OCR-A scanning system in a J. C.
Penney store in Pekin, Illineis. This application
involves in-house merchandise marking by Penney
personnel,

Next month another milestone in the UVM imple-
mentation program will be reached when for the first
time a major merchandise manufacturer, Levi Strauss
& Co., will begin a vendor marking program for Fo-
ley's of Houston. Several other merchandise manu-
facturers will launch similar efforts in the near
future. Thus, 1976 should put to rest any specula-
tion that the new standard is a paper tiger that will
never get off the drawing board.

Marketing of New OCR-A Systems

So far as equipment manufacturers are concerned,
our company and no doubi others as well, will "hegin
marketing OCBR-A systems this year. We will be work-
ing closely — through the Manufacturers Technical
Advisory Committee — with both retailers and mer-
chandise manufacturers in resolving any questiions
as they arise,

I believe this year will see an equally vigorous
implementation effort on the part of retailers, Cer-
tainly every major retail organization interested
in its future systems progress will want to get
some first-hand experience with the UVM program,
Starting such a program now, with a limited in-house
marking operatien, will provide valuable guidance
for plamning future systems, At the same time, it
will produce immediate benefits in the form of ad-
ditional merchandising information,

Implementation

Merchandise manufacturers now have a green light
for planning, and beginning to implement the new
marking standard, No doubt many venders will seize
this epportunity. Others will wait for someone else
to take the lead, However, experience with compar-
able standardization programs — specifically the
banking indusiry's Magnetic Irk Character Recogni-
tion Code and the food industry's Universal Product
Code — has demonstrated that those who adepted a
friendly, welcoming attitude towards standardization
achieved an important competitive edge. In fact,
this applies to all of us who have a stake in UVM
— whether equipment manufacturer, retailer, or
vendor,

Clearly, the success of any retail siandardiza-
tion program depends on vendor marking. In the im-
plementation of Magnetic .Ink Character Recognition,
it was essential for the printing industry to en-
thusiastically support the new MICR standard. In
the case of the Universal Product Code, again the
primary printing responsibility has been borne by
the food mamufacturer, OCR-A is no different.

Implemeniing any new standard is of course a big
and complex undertaking. This is especially true
when the standard involves an industry with the tre-
mendous diversity of retailing and its many thousands

{please turn to page 18)
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Computers and Society:

A Theme for a Course and a Final Examination

Edmund C. Berkeley
Editor, “Computers and People”

“What are the 9 to 12 most important problems to be solved if human beings are to survive on

the Earth for the next ten thousand years? . . .

What would be your detailed recommendations

as to the use of computers to define the problems and to compute solutions to these problems?”

Victor J. Farmer, formerly of “Computerworld"
and now of American Used Computer Corporation, and
F gave a half-year course at Boston University,
Boston, Mass., from February to May 1976, to some
forty students who were candidates for a master's
degree,

The main theme of the course was this:

Imagine your future role, as a result of this
course, as that of an adviser or comsultant to
a government commission. What should you know
about the issues related to computers and so-
ciety? What advice should you he able te give
as to things to do and things not to do?

The final examination {(three hours) was drawn
from the following set of questions:

1. Good Advice., Mr, James Jones, president of
the Jones Co., a small business with 30 employees,
has survived in business for 25 years, and has de-
cided to "get started" in computer data processing.
Mr. Jones, who is a friend of yours, says to you
(knowing that you have a master's degree in computer
science from B.U.):

Come and see me next Thursday afterncon, spend a
couple of hours with me, and quide me with your
professional knowledge — and if you don't agree
to accept my check for your consulting, I'1l ask
somebody else.

State all the points and the "good advi ce” which
you would give him.

2. Ombudsman. The City of Vast Rapids, population
3/4 million, has many municipal information systems,
both computerized and clerical, A vociferous local
chapter of the League Against Computers and Techno-
logy appears to be significantly interfering with
expansion of the computerized data processing sys-
tems.

The city council has decided to hire an ombudsman
to reduce the acrimony. Prepare a good set of guide-
lines for the ombudsman, dealing with both informa-
tion and recommended behavior,

3. Computers and Privacy. Much discussion, argu-
ment, and many important governmental decisions both
in the United States and outside have cccurred in
the area of computers and privacy. State 13 of the
more important points and happenings.

4. Symbicsis of Man and the Computer. President
John Kemeny of Dartmouth, in his book "Man and the
Computer,” has argued a case for believing in the
"living together" of man and the computer (as spe-
cies each necessary to the other's survival)., Out-
line his argument and assess its validity,

5. Limits to Growth. A governmental commission
has been appointed to consider "the limits to growth "
the thesis that in 20 te 150 years the countries of
the world will have hit very solid obstacles io eco-
nomic growth and expansion, a condition which may be
catastrophic to human society,

You have become a consultant to the commission.
You are asked for a report on "How can we use com-
puters to best advantage in determining solutions to
problems of Iimits to growth?" . Outline your report,
giving an adequate statement of facts that you refer
to.

IBM Monopoly. It is WIdely agreed that IBM has
a monupoly p051t10n in the market of computers and
data processing.

Is this good? Why? Is this not good? Why?

Here "good" is defined as "in the best interests
of society, business, production, and scientific and
technological advancement,”

7. Hippocratic Oath for Engineers. Charlés Suss-
kind, in his book "Understanding Technology,” pro-
poses a Hippocratic oath for engineers similar to
the Hippocratic oath administered te graduates of
many modern schools of medecine,

How would you define a "computer professional"?
How would you define an "information engineex"? Are
there differences between them? If so, what would be
the differences?

What are the 11 promises included in Susskind's
proposed cath? What are the reasons in favor of
these points? What are the reasons against?

8. Brains, Thinking, and Artificial Intelligence.
Define the follewing terms: artificial intelligence;
natural (i,e., nonartificiall 1nte111gence, common
senge; wisdom; thinking; brain. .

Describe the principal featﬁres'of”fhe:aﬁimal
brain developed by evelution for over 500 million
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years up to the time of the human brain. Describe
the new features exhibited by the human brain., Des-
cribe the new features of the "computer brain.”

Do you consider that artificial intelligence pro-
vided by computers can help substantially in solving
the critical problems of survival of man on this
planet? Why or why not?

Humanlzlng Information Systems. A recent con-
ference in Canada {at Stanley House, Gaspd, in 1973)

dealt in detail with features of information systems
which would make them more humanized — less irri-
tating and objectionable to human beiungs,

State 20 features of computerized information
systems which would make them more humanized. How
would you seek to bring about more humanized infor-
mation systems? Why these methods instead of
others?

10. Education and Computers. What do you recom-
mend as the 6 or 8 most effective uses of computers
for improving education? Why these and not others?

11, Use of Computers for Criminal Purposes. What
in brief was the story of the Equity Funding scan-
dal? If in a compuierized system that you were as-
sociated with, you detected evidence of criminal
behavior, what would you do? Why? Give 10 or more
system recommendations for reducing the possible use
of computers for criminal purposes.

12, Computers and Employment, There is a wide-
spread fear that more and move white collar jobs

(for clerks, lower level management, and middle man-
agement) will disappear as & result of computeriza-
tion.

What are the reasons for expecting this result?
What are the reasons for not expecting this result?

If a process by which a computer would perform
systems analysis and write computer programs were
invented, and the process should displace 50 per
cent of human programmers, what would be your recom-
mendations for new employment for the displaced pro-
grammers?

The Rehn plan was adopted in Sweden to deal with
technological unemployment. What is this plan?
What are the reasons for believing that this plan
would work well in the United States?

What are a dozen occupations for college gradu-
ates which would be very highly resistant to techno-
logical unemployment?

13. The Most Important Problems for Human Survi-
val on the Planet Earth. What are the 9 to 12 most
important problems to be solved if human beings are
to survive on the Earth for the next ten thousand
years? The criterion for inclusion of a problem in
this class is that if the problem is not solved, hu-
man beings will become extinct.

You have become an adviser to a United Nations
commi ssion studying the applications of computers in
this area. What would be your detailed recommenda-
tions as to the use of computers to define the pro-
blems and to compute solutions to these problems?

14, Computers and the War in Vietuwam., So-called

"modern” warfare, such as took place in Vietnam from

secret police systems; selecting persoms for arrest,
assassination, torture, imprisonment in tiger cages,
etc,; gathering intelligence; the "electronic bat-
tlefield."

What are the lessons of that war in general?

What are the lessons of that war in particular
in regard to the application of computers?

What are the chief reasons the United States lost
that war?

If you were asked to be an adviser to a military
commission for the purpose of improving and extend-
ing the application of computers to warfare, what
would be your response? Why?

15. Computers and the Home. What are 15 possible
applications of small computers or computer termi-
nals in homeg?

Do fuu consider that these applications would re-
sult in a large increase of human welfare? a large
market for computer products? Why? If not, why
not?

16. Computers and Economic Planming. In "The New
York Times Magazine" for January 25, 1976, there was

a long article "The American Plan —- National econo-
mic planning will arrive when businessmen demand it
— and demand it they will, to save the capitalist
system,™ written by Robert L. Heilbroner, a profes-
sor of economics at the New School for Social Re-
search in New York. He says:

“America is drifting inte econemic planning.
Senators Hubert Humphrey and Jaceb Javits have
joined forces to introduce a hill establishing a
nationgl planuning agency, Eminent economists led by
John Kenneth Galbraith and Nebel Prize winner Wassily
Leontief have endovrsed the bill. So have many labor
leaders ..., and a small but growing number of busi-
nessmen such as Felix Rohatyn of Lazard Fréres and
Henry Ford have spoken out for the establishment of
some form of national planning,

... A national economic plan will prebably he a
coordinated set of gemeral economic targets, say: a
50 per cent reduction in unemployment; a reduction
of the rate of inflation to 5 per cent; an expansion
of the rate of economic growth to 6 per cent.
National economic planning is on effort to coordi-
nate existing plans ... as well as to extend the
reach of our control over the economy.

"... In fact the big corporatiens in all indus-
trial areas act like private planning agencies, a
peint eloquently expounded by Galbraith, To a very
great degree, the big companies hold the market at
bay, raising or lowering prices when they want to,
not when an oceanic flood of competition forces them
to. So too, they expand (or contract) their enter-
prises according to long range forecasts and ignore
the immediate press of business conditions. ..,"

You have heen selected as a consultant to the
National Economic Planning Board of the Unlted
States.

What classes of problems would vou recommend be
computerized? What classes of problems would you
recommend not be computerized — i.e., lefi to pen-
cil and paper, discussion by committees, etc. In
other words, what would be useful applications of
computers to economic planning? and what would be
wasteful or injudicious applications? What kinds
of data would you seek so that the computerized areas
of national ecomemic planuning would produce reliable

1965 to 1975, uses computers, and related electronic and significant results? ]
systems that compute, to a very large extent. A few
applications are: guiding missiles; choosing targets;
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Software and Consultants: An Introduction

Jack Clagett

Hewlett Packard

Caleulator Products Division
P.C. Box 301

Loveland, CO 80537

“It's important to understand how hardware and software act together. . . . Good software can
often make average hardware work satisfactorily; poor software can render good hardware useless.”

How Can ! Best Solve My Computational Problems?

You've probably been asking yourself this ques-
tion and the answer may seem fairly elusive, We
have helped many organizations and businesses solve
their computational problems, and we'd like to
share with you some of the concerns that others
have expressed.

You may be thinking in terms of selecting a com-
puter or computing calculator; however, neither of
these is a complete solution — each needs instruc-
tions, called programs of software, to solve prob-
lems. The TOTAL COMPUTING SOLU¥ION is a combina-
tion of the best computer or computing calculater
and the best software.

Hardware and Software

It's important to understand how hardware and
software act together, Here are the topics that
need to be considered:

Computing Calculators vs, Computers
Ease-of-Use
Storage Capacity

Support

Training

Available Software
Costs

Delivery Schedules
Reliability

Power and Air Conditioning
Facility Preparation

PEEEEEE LR

Software

While mosi people think in terms of hardware,
software is also vital for success. Good software
can often make average hardware work satisfactorily;
poor software can render good hardware useless,

Standardized Software

How can you find the software you need? One of
the best sources for software is the hardware manu-
facturer. Many manufaciurers maintain standard
program packages for many applications. Often you
can locate the solution you need from the program
library. These standardized software packages offer
many advantages:

Based an a publication by Hewlett Packard, “An [ntroduction ta
Software and Consultants’™, and used with permission.

e Low Cost — Standardized software is used
by many people; so costs can be distributed
among the users.

- Reliability — Because standardized packages
have been used by many other people, most

of the errors have been found and corrected,

= Immediate Delivery — Custom software has
first to be developed and that can take
weeks or months, Standardized sofiware
can be delivered and operating almost im-
mediately, )

~ Documentation — Documentation describes
ihe programs and provides instructiens for
users, Generally documentation is much
more detailed for standardized software.

~ Greater Flexibility — Standardized software
is typically written to be flexible, Chan-
ges in data and report format can usually
be made easily,

Modifying Standardized Software

Even if no standardized software packages suit
your needs exactly, minor changes can often be made
to satisfy your requirements. For example, if you
needl a program to bill your custemers on your com-
pany's invoice form, you may be able to easily mod-
ify the invoice ~ printing program from a standard
software package.

Developing Custom Software

Standardized software has many advantages, but,
if you cannot find a package to satisfy your needs
or cannot easily modify one, custom sofiware, wrii-
ten for you to satisfy your specific application,
needs to be considered,

There are many different sources for custom soft-
ware; the one to be chosen depends on the amount of
custom sefiware you'll need. Many organizations
that use computers extensively employ a full-time
programmer to write and maintain custom software,
If your application software requirements are not
so extensive, you might try to locate someone in
your organization who could develop your software
in addition to his present respomsibilities, If
you can't find someone, it may be desirable to look
outside for someone who could develop custom soft-
ware; for example, a software consultant,

12 COMPUTERS and PEOPLE for July, 1876

What Is a Consultant?

A software congultant (or sofiware house) is an
independent professional who specializes in design-
ing, writing, and supporting software. UHe works
directly for you, not a hardware manufacturer, even
though he may coordinate his work closely with a
manufaciurer.

The Advantages of Independent Consultants

Customers of virtwally every major computer manu-

facturer use independent software consultants. There

are many reasons why.

— Independent Analysis of Your Problem — Many
companies prefer an independent consultant
to veview their problems and make recom-
mendations about procedures and systems.

~— Application Experience —— Consultants often
have extensive experience in specific gp-
plications, and they may be able to provide
valuable assistance,

~—— Multivesdor Purchase — If you're buying
equipment from many different manufacturers
for an integrated system, it may be desir-
ahle to look outside for an independent
consul tant with expertise in your applica-

~ tion and with integrating systems.

— Your Choice of Software — The ability to
choose the consultant you want gives you
an opportunity to develop the best software
for your specific needs.

Understanding Your Own Needs

What information about your specific requirements
will you need to make good management decisions?

The key to success is to understand and be able
to express your needs, Your software consultant
and/or your manufacturer's representalive will meet
with you to help you analyze your problem and make
recommendations. However, to make effective manage-
ment decisions, you should have some insight into
how a computer and software can solve your problem,
Very simply, your starting information (called in-
put) is entered into the computer; the information
is stored in its memory; computations are performed,
and the results {called output) are printed, All
these functions are controlled by the software,

It is importani to determine the amount of infor-
mation that must be stored and processed and exactly
what must be done to it.

The first step in this process is to know what
you really want. Try to describe your problem in
as much detail as you can, If it is simple, a
brief explanation will be sufficient; however, if
it is complex invelving many.ielated tasks, list
and describe each separately. If you have an idea
of how you want your problem solved or if you know
someone who has solved a similar problem, be sure
to let your consnltant know,

Your software consultant and/or your manufactur-
er's representative will have many questions about

. what you want to do and how you want to de it, They

will be trying te analyze your problem and create
the best hardware and software system for your needs,
Size is a major congideraition., Too large a system
will be too expensive, Too small a system will not
do your job efficiently, Basically, they will be
interested in:

— Input Information and Source Documents —
They'll want to prepare a list of all the

data to be entered. For commercial appli-
cations, where source documents are avail-
able, they will ask you for samples or
rough layouts.

— Storage Reguirements — It is important to
determine the amount of information that
will have to be stored. A list of your in-
formation, its quantity, description, and
use will be required,

— Computations — They will also want to de-
termine exactly what calculations and data
manipulation you require,

— Output and Results — What information, in
what form, do you want? You should specify
if your output should be om a line printer,
typewriter, CRT, tape cassette, or punched
tape, If you need 2 graph or printed table,
make a rough or use a sample of what you
want,

Review Your Solution

It's very easy to neglect details. So ask your
representative and the consultant to outline their
proposal to management, Then, ask for suggestions.
This serves many purpeses, In addition to avoiding
potential problems, it helps to get your staff and
your management involved., By asking for their in-
puts, you can dispel many fears,

Here are some suggestions for items to beware of
when you review your plan,
— Potential Expansion — Estimate potential
growth, If your present problem invelves
entering 2,000 items, will it grow to 3,000

or 5,000?

— Missing Data — Is it beneficial to have
another report or some additional informa-
tion?

— Do a Trial Run of Your Procedures — Once

you have set up your forms and procedures,
run through the entire process from begin-
ning to end. Use xough forms, if possible,
and see if your procedures do everything
that you need,

Locating a Consultant

If you wish to use a consultant, investigate con-
sultants that are available in your area., You may
also want to ask some of your business associates
if they know of any consultants that they would rec-
ommend. Your own trade association may have a list
of people whe consult or who have worked with con-
sultants. There are some computer societies that
might provide some leads, too: -

- DPMA —~ Data Processing Managers' Association
— ACM — Association of Cémputing Machinery

Another good source is the telephone company's
Yellow Pages; look under the headings:-
- Data Systems  — Consultants and Designers
~ Automation Consultants
- Data Processing Services
— Engineering Consultants

The initial visit with the consultant is a time
for both you and the censultant te learn more about
cach other, Here's some informatiom that you will
probahly want to know,

-~ Bank Reference — Ask the consultant for
the name and address of his bank,

— Facts about Business Stability — What are
the long-range capabilities of the consul-
tant? -~ Inquire about how long has he been
in business? — How long has he been located
in the area?
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~~ Customer References — Ask the consultant to
provide you with a client list or the names
of at least two or three past customers of
his that you can contact.

What to Lock For

Checking the consultant's background and exper-
ience is simple and should reguire only a small
amount of time. Here are some things you will want
to review,

~- Stable and Successful Business — A good
consultant should have a good credit ref-
erence and a stable business. Send the
consultant's bank reference to your own
bank and ask for a credit referemce. Also,
check with Dun and Bradstreet, a local
credit bureau, or the Better Business Bur-
eau.

- Experience in Your Applicatien — It's very
important that.the consultant has an under-
standing of youwr problem,

-~ Cost — Software costs can be a significant
part of the cost for your toial solutien,
Minor modifications to existing software
can cost a few hundred dollars, Specific
modules average one fourth to one third
of the cost for hardware., A& major system
development can cost as much as the hard-
ware., Get an estimate of the costs,

-~ References - The consultant's references
are one of the best sources to gather in-
formation about the consultant, '

-~ What were the stirengths and weaknesses
of the software that the consultant de-
veloped? :

- Was long-range support desired? If so,
did the consultant provide good support?
Was it at an additional cost?

~~ Has the consultant satisfied past speci-
fications of his proposal and other com-
mitments?

~- Was the software.delivered onr time? If
not, why not?

-~ Were changes made during development?
What were the additional charges?

- What type of user training was provided
and was it an additional charge? Was it
adequate?

«— Were the costs competitive?

Is it possible to visit customer sites to aci-
wally see the consultant's software in operation?

Requesting a Proposal

After evaluating potential consultants, consider
if you want to choose one consultant or seek com-
petitive hids, * In either case, send out a request
for propesal (BFP). Your RFP should specify all
the information that you need, Briefly describe
your problem and outline the solution you want,
Invite the consultant to submit a written proposal
and specify a due date {allow from two weecks to one
month), Request that the following information be
included:

- Software Description — A detail of each
module down to the gross function level,

—~ Manpower and Personnel — Anticipated man-
power requirements for development, train-
ing, and support., Resumes of consultant
personnel who may be involved,

-— Costs and Method of Payment — All charges,
including developmeni, modifications dur-
ing development, training, and long-range
support. Will each be charged on a fixed-
cost or time-and-materials basis?

~- Payment Schedule — A gpecific schedule,

« Time Schedule - A schedule for each module
and periodic review moetings.

~ Documentation — All documentation that will
he provided and costs.

~ Warranty — The length of time after instal-
lation that the soeftware will be warranted
against errors in programming.

~= Trainming — The lecation, training schedule,
and the costs, if any,

«~ Installation Support — All support that
will be provided at the time of installation,
and any costs,

-~ Long-Range Support — All long-range sup-
port, if it is on-site, and what additional
costs are involved.

ww Ownership of Software —-- Ownership and rights
of both parties to the sale, use, and modi-
fication of the software,

The Consultant’s Proposal

Typically the consultant's proposal is the basis
for your contract., Ask the consultant to provide

‘any additional information you want in writing be-
fore you sign an agreement. Changes or additions

at a later date may result in additional charges,

Certain sections of the propesal may be unique
to_ the software consulting industry.
© "o~ Costs and Method of Payment — Consultants
either charge a fixed cost to do a speci-
fied job or for time and materials, Often
consultants will charge a fixed rate for
the development of the software and then
an hourly rate for training and long-range
support. .

- Payment Schedule — Most consultants expect
to be paid for their work as it is being
developed, Some consultants may require
part of the amount due after acceptance
of the preposal, a portion after delivery
of the software, and the balance after you
are satisfied with the software. Another
common schedule is simply monthly billing
for a fraction of the total cost while the
software is being developed.

== Software Ownership — There are many dif-
ferent options. The consultant may want
to retain ownership of the software and
license its use to you., He then has the
ability to resell the software to other
users, He may sell the software to you
but reserve the right to resell it. Or he
may simply give all rights and ownership to
you, Which option is selected is a function
of the software and your negotiations with
the consultant,

~= Signing the Contract — The agreement should
specify exactly what software and services
are to be provided, all costs including
any possible add-on costs, method of pay-
ment, development schedule and time limits,
penalties for nondelivery or incompleie
development, and any other terms that you
feel are important,

~ Evaluating Proposals — In evaluating pro-
posals, one of the most important factors
will be cost, Due to the way consultants
quote costs, the quoted cost may not be a
good esiimate of the actual cost, The fol-
lowing chart demonstrates a good technigue
to determine the irue cost by estimating
reasonable expenses for a given period, for
example, a year:

{please turn to page 26}
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Computerized Adaptive Ability

Measurement— Part 2

Dr, David J. Weiss

Professur of Psychology
University of Minnesota
Minneapolis, MN 55414

“Accuracy in measuring an individual’s ability fevel can be reduced by the individual’s behavior

in the testing situation,

psychological variables can add error to an individual’s test scores . . .

Some Recent Findings

Our research to date has been primarily concerned
with evaluating the relative effectiveness and util-
ity of the various adaptive testing strategies, and
comparing ability estimates derived from adaptive
tests with those from conventional tests, Live-
testing studies have shown that scores derived from
adaptive tests are more reliable over time than ave
scores from conventional tests. This higher relia-
hility implies greater accuracy of measurement and
greater utility in making longitudinal predictions,
The simulation studies which supplement these live-
testing studies show that the higher accuracy of
measurement for the adaptive tests holds throughout
the ability range for all strategies of adaptive
testing studied, although some of the strategies are
better than others in terms of maintaining a con-
stant degree of accuracy throughout the ability
range. Our studies have also shown that adaptive
test scores reflect the distribution of ability in
a group better than do conventional tests,

One particularly interesting set of data resulted
from a live-testing, test-retest study using the
stradaptive test strategy. As was indicated earli-
er. and illustrated in Figures 2 and 3 {see Comput-
ers and People, June 1976, pp. 17 and 18), stradap-
tive tests yield "consistency" scores as well as
ability level scores. These scores reflect the
range of difficulty of the items encounteved by an
individual., One operationalization of the notion of
consistency of response is the number of strata used
by an individual before the termination criterion is
met. Highly consistent individuals use few strata,
and inconsistent testees encourter items at strata
of widely differing difficultiss. :

The Relation of Consistency and Predictability

We hypothesized that consistency should be rela-
ted to reliability. Thus, the more consistent indi-
viduals should be more predictable over time, and
the less consistent individuals less predictable.

To study this hypothesis, we administered a stradap-
tive test twice to a group of individuals; an inter-
val of about six weeks separated the two administra-
tions., Using their first test results, we deter-
mined each testee’s consistency score and subdivided
the total group inte five subgroups ranging from
very high consistency to very low consistency

(N =17 to N = 41 per group). With each group. we

Reprinted with permission from Aaval Research Reviews, November 1976,
published by the Office of Naval Research, Arlington, VA, Part 1 of this
article was pubfished in Computers and People, June 1976, pp. 14-17, 25.

Guessing, poor motivation, frustration, anxiety, boredom, and other

rzs

@

calculated the test-retest correlation (stability
coefficient) for each of the ten methods of esti-
mating ability with the stradaptive test,

The general pattern of results was in the pre-
dicted dirvection, although it varied for different
methods of estimating ability and consistency. The
clearest pattern emerged for Ability Score 1 using
Consistency Score 11 (see Figures 2 and 3). For
the total group of subjects (N = 170) the testing-
retest reliability was .65. As consistency in-
creased so did reliability. For the most cousistent
group, reliability was .94, while the intermediate
consistency groups had reliabilities of .85, .84,
and ,77. For other methods of scoring ability onm
the stradaptive test, reliabilities for the most
consistent group were as high as .98, indicating
that for this subgroup their scores on the second
testing were almost perfectly predictable from their
scores on the first testing. On the other hand, in-
dividuals with very inconsistent responses at ini-
tial testing generally were least predictable on
retest,

These vesults were, of course, obtained over a
rather short time interval., If they can be shown
to hold over longer time intervals, they have impor-
tant practical implications since they will permit
us to identify individuals whose scores on a given
test are more (or less) reliable. We will then be
able to make selection, placement, and classifica-
tion decisions for specific individualé taking into
account the reliability of each person's test scores.

Psychological Effects

In addition to investigating psychonietric vari-
ables in adaptive testing, we are also systematical-
1y studying the effects of adaptive testing on cer-
tain psychological variables, Accuracy in measuring
an individual's ability level can be reduced hy the
individual's behavior in the testing situation.
Guessing, peor motivation, frustration, anxiety,
boredom, and other psycholegical variables can add
error to an individual's test scores, which will
reduce the utility of those scores for practical
decigions. .

Because an adaptive test maintains the difficulty
of the test items at or near the testee's ability
level, we have hypotkesized that it should reduce
the adverse influence of these psychological vari-
ables and thus increase the accuracy of test scores,
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These benefits should be in addition to the purely
psychometric increases in accuracy due to the adap-
tive testing procedure, Since different adaptive
testing procedures are differentially successful in
maintaining test items at the appropriate difficulty
level, we are alse studying whether these different
strategies result in differential reductions in
these extranecous variables.

This subset of studies includes a variety of de-
signs which are currently being pursued. In one
study, we are concerned with whether testees can
accurately perceive the difficulties of test items
presented to them, If they cannot distinguish easy
from difficult items, then it is unlikely that items
of diffevent difficulty will produce these different
psychological effects, A second study is concerned
with directly comparing the effects of conventional
and adaptive testing on test anxiety and test-taking
motivation., This study is also concerned with the
effects of "feedback™ on test scores and on the same
psychological variables; that is, a subgroup of
testees receive information after each item as to
whether or net it was answevred correctly. In a
third study, we are studying the effects of adaptive
testing on guessing behavior. In this study, tes-
tees answer a muliiple-choice test guestion by as-
signing probabilities to each of the five alterna-
tives, within the constraint that the five probabil-
ities assigned sum to 1.00. By an analysis of the
relationship of the testee's probabilities to the
known difficulties of the items, in conjunction with
the testee's ability level, we can evaluate the
likelihood that an individual was guessing on a test
item, We can then compare the relative frequencies
of guessing on conventional tests and on different
adaptive strategies to determine whether adaptive
testing does indeed reduce guessing behavior. With-
in this study we are also evaluating the more gen-
eral utility of probabilistic responding as an im-
portant alternative to the conventional binary re-
sponse mode, Combined with adaptive testing pro-
cedures, probabilistic responding may result in a
very powerful approach.te ability measuvement,

Our concern with the psychological effects of
adaptive testing is motivated partly by the problems
raised in the use of ability tests with minority
persons. We are concerned with increasing the ac-
curacy of measurement for minority individuals and
thereby increasing the fairness of testing for these
groups. Consequently, we are striving te identify
those psychological variables which are more likely
to operate to reduce the accuracy of test scores in
both minority and nonminority groups, and to elimi-
nate them from the testing situation insofar as is
possible.

Three Defining and Restrictive Characteristics

Research in computerized testing to date has had
three defining characteristics. First, it has as-
sumed the existence of an unidimensional trait,

That is, it is assumed that a given test item pool
measures onily one ability. A second characteristic
of this research is that it is based entirely on
between-item branching strategies. In other words,

a testee's response to a given test item (or se-
quence of test items) is used to determine which
item is to be administered next. Finally, the ma-
jority of adaptive testing research has used verbal
test items, primarily because of the prohibitive ex-
pense of computerized display of pictorial materials.

Our future research in adaptive testing will com~
centrate on eliminating these three restrictive as-
pects of most current research, We will be concerned

with developing branching models which do not re-
quire the restrictive assumption of unidimensional-
ity. The unidimensionality assumption is unrealis-
tic for several reasons, First, it is extremely
difficult to obtain test item pools within any given
ability domain {e.g., vocabulary or word knowledge)
which are strictly unidimensional. This is due to
the fact that dimensionality is partly a function

of the difficulty of the test items; very difficult
test items will tend to define different factors of
ability than will moderately difficult or easy items.
Secondly, even though a test item pool can be shown
to be veasonably unidimensional (e.g., McBride and
Weigs, 1974}, such apparent unidimensiomality is
defined on the basis of the average characteristics
of a group, the group of testees on whom dimension-
ality is studied. However, unidimensionality of a
set of items for a group is no guarantee that the
set of items will be unidimensional for an individ-
ual. Elsewhere (Weiss, 1973, pp. 39-42) I have
shown some preliminary vesults which imply that dif-
ferent individuals are differentially secalable on

an apparently unidimensional set of items. Our fu-
ture research in this area will be concerned with
systematically replicating and extending these re~
sults., If the phenomenon is verified, we will de-
velop models which take intraindividual dimension-
ality into account in the interactive adaptive test-

ing process.

Minimizing Testing Time

Personnel selection and placement is rarely suc-
cessful when it is based on predictions made from
measuring only one variable. Consequently, multiple~
ability batteries have been developed which are used
to assess the capabilities of individuals on a vari-
ety of occupationally relevant abilities. Even when
these abilities are unidimensional, they are often
correlated with each other. Using a strictly unidi-
mensional branching medel, adaptive testing would
proceed by locating an individual's ability level
on ene variable, then proceed to another, and then
to a third ability, and so on., But when abilities
are correlated, this procedure wastes testing time
since Inowledge of status on one ability yields in-
formation relevant to an individual’s status on
other ability dimensions,

To minimize testing time, there are two ways to
proceed. TFirst, we can begin by assessing an indi-
vidual's position on ome ability. Then, using our
knowledge of the correlation of that ability with
a second, we can generate an initial ability esti-
mate for testing on the second ability. To estimate
a score on the third ability, we could use the multi-
ple correlation of the third ability with the first
and second to veduce the range of initial ability
estimates for the third ability, and so on through
all abilities., A second approach would be io con-
ceptualize the correlated set of abilities as a mul-
tidimensional space and develop adaptive testing
procediures to systematically branch an individual
through this space. Thus, in a minimum set of items
we would locate the testee’s position on all abil-
ties simultaneously. This latter model would be
advantageous in that it could also be designed to
simultaneously handle the problem of intraindividual
dimensionality.

Testing Reasoning Ability and Membry

Our future plans also include the development of
computer-administered tests to measure abilities not
now measurable with conventional paper-and-pencil
tests. These would include tests of reasoning abil-
ity, based on intraitem branching techniques. In
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these tests, the typiecal test item might be a pro-
blem situation, and the individual would be given a
choice of a variety of sorts of information which he
can appy to the solution of the problem. His choice
of a given type of information will lead him by a
successive series of further choices down a particu-
lar path of reasoning used in the solution of the
problem, Some paths might lead to inappropriate
solutions, and some to inefficient solutions, Thus,
this kind of test item could be thought of as a
"conceptual maze," where the quality of an individ-
ual's reasoning is determined by the nature of his
process in reaching the solution, including its ef-
ficieney and the amount of time spent in making each
decision. Tests of this kind, administerable to
large numbers of testees only under computer contrel,
should have important uses in personnel evaluation.

We also plan to develop tests of short-term and
long-term memory iy auditory, pictorial, and verbal
modalities. The precise contro} which the computer
provides in the measurement process will enable the
measurement of these new abilities. When appropri-
ate computer terminal equipment is available, we
will also explore the utility of pictorial and spo-
ken language tests to replace current printed ver-
bal tests. Spoken language tests might supplement
printed verbal tests for minority group members.
Nonverbal tests might permit the adaptive measure-
ment of abilities such as chart and map reading
and visual scanning and interpretation to supple-
ment currently available ability measures.

A Note on Costs

A discussion of computerized testing would not
be complete without considering the economic feasi-
bility of this mode of testing. The economic prac-
ticality can be viewed from two complementary van-
tage points: (1) the differences in actual costg of
test administration, scoring, and reporting, and
(2) the savings resulting from the characteristics
of the test scores.

A major characteristic of adaptive testing is
that it can considerably reduce the amount of time
a testee spends on taking tests. Some adaptivete
testing strategies can achieve with 30 items the
validity and reliability of a 100-item conventional
test. Thus, the average adaptive test need be only
10 minutes long compared to the 30 minutes required
for a conventional test, Since the testee's time
often represents both an individual and institution~
al investment, this two-thirds reduction in time
should represent an important economic gain. If the
testee’s time is "free," i.e., no monetary savings
are determinable from reducing testing time, there
is still an ecoromic gain possible since the time
saved by the adaptive testing procedure can be used
to measure the testee’s abilities in other areas.
In this way, adaptive, testing could make accurate
prediction of complex criteria possible without re-
quiring inordinate amounts of testing time on the.
part of each testee.

" Hidden Costs

Very little data is available on the actual cost
of either adaptive testing or current paper-and-
pencil procedures. In computing the costs of paper-
and-pencil testing, a number of hidden costs must
be kept in mind, These include costs of obtaining
publisher's catalogues, ordering supplies, storing
supplies, reordering, mailing answer sheets for
scoring, keeping records of answer sheets submitted
for scoring, and the like. These costs are, of
course, in addition to the costs of purchasing test

booklets, answer sheets, and scoring servieces (or
hand~scoring keys and wages of scoring personnel),
To this must also be added costs associated with
waiting — waiting for supplies te arrive, for tes-
tees to congregate for testing, and for the test
results te be scored. On the other hand, in com-
puterized testing the test will be available at the
push of a button or twe. There will be no delays
for score reports, no materials to ovder, no inven-
tories to maintain. The test will be available when
it is needed, and vresults (interpreted in a variety
of ways) will be available instantly to assist in
decision making.

Waters (1975) gives data estimating the costs of
a computerized stradaptive test at 87¢ per testee,
excluding development costs and costs of terminal
equipment. Our calculations, again excluding de-
velopment costs but including terminal equipment,
range from $1 to $1.25 per test, Consequently, in
one hour of testing time, a testee could complete
gix tests at a total cost between $6 and $7.25,
Given the decreases in the cost of computers that
have oceurred in the last five years, and projeecting
them a few more years into the future, the direct
costs of computerized testing will, in the npear fu-
ture, be less than those of paper-and-pencil testing.

Economic Advantages of Accurate Test Scores

However, the real economic advantages of comput-
erized testing will derive from the greater accur-
acy of test scores. Since adaptive testing results
in scores which are both more precise and more ac-
curate, adaptive test scores should result in fewer
errors in selection, placement, and classification.
Since training one man for one assignment may cost
many thousands of dollars, each inappropriate assign-
ment based on unreliable or invalid test scores can
waste those thousands of dollars., An overecstimate
of a person's ability can lead to an inappropriate
personnel assignment which can result in a waste of
many additional thousands of dollars if the individ-
ual is not competent in his assignment. Conversely,
an individual whose test scores are lower than his
actual ability is underutilized. In this case the
potential productivity of an individual whose skills
and abilities are undevestimated by poor testing
procedures is lost, again costing money to the em-
ploying organization. Finally, the underutilized
individueal might be a retention or morale problem.
In that case, the costs involved in training the
individual are not fully recovered since his tenure
(or performance) on the job will likely not be opti-
mal.

Computerized adaptive testing does appear to be
economically feasible. To the extent that it will
give us tests which measure more accurately and
span a wider range of occupationally relevant abili-
ties, it should yield a substantial economic benefit
for the military services. The search for the most
practical and efficient way to implement adaptive
testing procedures is just beginming. Our research
results should provide the necessary data from which
effective computerized adaptive testing systems can
be developed and applied in the near future.
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These benefits should be in addition to the purely
psychometric increases in accuracy due to the adap-
tive testing procedure, Since different adaptive
testing procedures are differentially successful in
maintaining test items at the apprepriate difficulty
level, we are also studying whether these different
strategies result in differential reductions in
these extraneous variables.

This subset of studies includes a variety of de~
signs which are currently being pursued. In one
study, we are concerned with whether testees can
accurately perceive the difficulties of test items
presented to them, If they cannot distinguish easy
from difficult items, then it is unlikely that items
of different difficulty will produce these different
psychological effects., A second study is concerned
with directly comparing the effects of conventional
and adaptive testing on test anxiety and test-taking
motivation, This study is also concerned with the
effects of "feedback™ on test scores and on the same
psychological variables; that is, a subgroup of
testees receive information after each item as to
whether or not it was answered correctly. In a
third study, we are studying the effects of adaptive
testing on guessing behavior, In this study, tes-
tees answer a multiple-choice test question by as-
signing probabilities to each of the five alterna-
tives, within the constraint that the five probabil-
ities assigned sum to 1.00. By an analysis of the
relationship of the testee's probabilities to the
known difficulties of the items, in conjunction with
the testee's ability level, we can evaluate the
likelihood that an individual was guessing on a test
item., We can then compare the relative frequencies
of guessing on conventional tests and on different
adaptive strategies to detevmine whether adaptive
testing does indeed reduce guessing behavior. With-
in this study we are also evaluating the more gen-
eral utility of probabilistic responding as an im-
portant alternative to the conventional binary re-
sponse mede. Combined with adaptive testing pro-
cedures, probabilistic responding may result in a
very powerful approach.to ability measurement.

Our concern with the psychological effects of
adaptive testing is motivated partly by the problems
raiged in the use of ability tests with minority
persons. We are concerned with increasing the ac-
curacy of measurement for minority individuals and
thereby increasing the fairness of testing for these
groups. Consequently, we are striving to identify
those psychological variables which are more likely
to operate to reduce the accuracy of test scores in
both minority and nomminority groups, and to elimi-
nate them from the testing situation insofar as is
paessible.

Three Defining and Restrictive Characteristics

Research in computerized testing to date has had
three defining characteristics. First, it has as-
sumed the existence of an unidimensional trait.

That is, it is assumed that a given test item pool
measures only one ability. A second characteristic
of this research is that it is based entirely on
between-item branching strategies. In other words,

a testee’'s response to a given test item (or se-
guence of test items) is used to-determine which
item is to be administered next. Finally, the ma-
jority of adaptive testing research has used verbal
test items, primarily because of the prohibitive ex-
pense of computerized display of picterial materials.

Our future research in adaptive testing will con-
centrate on eliminating these three restrictive as-
pects of most current research. We will be concerned

with developing branching models which do not re-
gquire the restrictive assumption of unidimensional-
ity. The unidimensionality assumption is unrealis-
tic for several reasons. First, it is extremely
difficult to obtain test item pools within any given
ability domain {e.g., vocabulary or word knowledge)
which are strictly unidimensional. This is due to
the fact that dimensionality is partly a function

of the difficulty of the test items; very difficult
test items will tend to define different factors of
ability than will moderately difficult or easy items.
Secondly, even though a test item pool can be shown
to be reasonably unidimensional (e.g., McBride and
Weiss, 1974}, such apparent unidimensionality is
defined on the basis of the average characteristics
of a group, the gvoup of testees on whom dimension-
ality is studied. However, unidimensionality of a
set of items for a group is ne guarantee that the
set of items will be unidimensional for an individ-
ual. Elsewhere (Weiss, 1973, pp. 39-42) I have
shown some preliminary results which imply that dif-
ferent individuals arve differentially scalable on

an apparently unidimensional set of items. Our fu~
ture vesearch in this area will be concerned with
systematically replicating and extending these re-
sults. If the phenomenon is verified, we will de-
velop models which take intraindividual dimension-
ality into account in the interactive adaptive test-
ing process.

Minimizing Testing Time

Personnel selection and placement is rarely suc-
cegsful when it is based on predictions made from
measuring only one variable. Consequently, multiple-
ability batteries have been developed which are used
to assess the capabilities of individuals on a vari-
ety of cccupationally relevant abilities, Even when
these abilities are unidimensional, they are often
correlated with each other. Using a strictly unidi-
mensional branching model, adaptive testing would
proceed by locating an individual's ability level
on one variable, then proceed to another, and then
to a third ability, and so on, But when abilities
are correlated, this procedure wastes testing time
since knowledge of status on one ability yields in~-
formation relevant to an individual's status on
other ability dimensions.

To minimize testing time, there are two ways to
proceed, First, we can begin by assessing an indi-
vidual's position on oue ability. Then, using our
knowledge of the corvelation of that ability with
a second, we can generate an initial ability esti-
mate for testing on the second ability. To estimate
a score on the third ability, we could use the multi-
ple correlation of the third ability with the first
and second to reduce the range of initial ability
estimates for the third ability, and so on through
all abilities. A second approach would be to con-
ceptualize the correlated set of abilities as a mul-
tidimensional space and develop adaptive testing
procedures to systematically branch an individual
through this space. Thus, in a minimum set of items
we would locate the testee's position on all abii-
ties gimultaneously, This latter model would be
advantageous in that it could also be designed to
simultanecusly handle the problem of intraindividual
dimensionality.

Testing Reasoning Ability and Membry

Our future plans alse include the development of
computer-administered tests 10 measure abilities not
now measurable with conventional paper-and-pencil
tests. These would include tests of reasoning abil-
ity, based on intraitem branching techniques. In
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these tests, the typical test item might be a pro-
blem situation, and the individual would be given a
cheice of a variety of sorts of information which he
can appy to the solution of the problem. His choice
of a given type of information will lead him by a
successive series of further choices down a particu-
lar path of reasoning used in the solution of the
problem, Some paths might lead to inappropriate
solutions, and some to inefficient solutions. Thus,
this kind of test item could be theught of as a
"conceptual maze," where the quality of an individ-
ual's reasening is determined by the nature of his
process in reaching the solution, including its ef-
ficiency and the amount of time spent in making each
decision, Tests of this kind, administerable to
large numbers of testees only under computer contrel,
should have important uses in personnel evaluation.

We also plan to develop tests of short-term and
tong-term memory in auditery, pictorial, and verbal
modalities. The precise control which the computer
provides in the measurement process will enable the
measurement of these new abilities, When appropri-
ate computer terminal equipment is available, we
will also explore the utility of pictorial and spo-
ken language tests to replace current printed ver-
bal tests. Spoken language tests might supplement
printed verbal tests for minority group members.
Nonverbal tests might permit the adaptive measure-
ment of abilities such as chart and map reading
and visual scanning and interpretation to supple-
ment currently available ability measures.

A Note on Costs

A discussion of computerized testing would not
be complete without considering the economic Feasi-
bility of this mode of testing., The economic prac-
ticality can be viewed from two complementary van-
tage points: (1) the differences in actual costs of
test administration, scoring, and reporting, and
(2) the savings resulting from the characteristics
of the test scores.

4 major characteristic of adaptive testing is
that it can considerably reduce the amount of time
a testee spends on taking tests., Sowme adaptivete
testing strategies can achieve with 30 items the
validity and reliability of a 100-item conventional
test. Thus, the average adaptive test need be only
10 minutes long compared to the 30 minutes required
for a conventional test. Since the testee's time
often represents both an individual and institution-
al investment, this two-thirds reduction in time
should represent an important ecomomic gain, If the
testee’s time is "free," i.e., no monetary savings
are determinable from reducing testing time, there
is still an economic gain possible since the time
saved by the adaptive testing procedure can be used
to measure the testee's abilities in other areas.
In this way, adaptive, testing could make accurate
prediction of complex criteria possible without re-
quiring inerdinate amounts of testing time on the, .
part of each testee.

"Hidden Costs

Very little data is available on the actual cost
of either adaptive testing or current paper-and-
pencil procedures. In computing the costs of paper-
and-pencil testing, a number of hidden costs must
be kept in mind. These include costs of obtaining
publisher's catalogues, ordering supplies, storing
supplies, reordering, mailing answer sheets for
scoring, keeping records of answer sheets submitted
for scoring, and the like. These costs are, of
course, in addition to the costs of purchasing test

hooklets, answer sheets, and scoring services for
hand-scoring keys and wages of scoring personnel},
To this must also be added costs associated with
waiting — waiting for supplies to arrive, for tes-
tees to congregate for testing, and for the test
results to be scored. On the other hand, in com-
puterized testing the test will be available at the
push of a button or two, There will be no delays
for score reports, no materials te order, no inven-
tories to maintain. The test will be available when
it is needed, and results (interpreted in a variety
of ways) will be available instantly to assist in
decision making,

Waters (1975) gives data estimating the costs of
a computerized stradaptive test at 87¢ per testee,
excluding developmeni costs and costs of terminal
equipment. Our calecalations, again excluding de-
velopment costs but including terminal equipment,
range from $1 to $1.25 per test, Consequently, in
one hour of testing time, a testee could complete
six tests at a total cost between $6 and $7.25.
Given the decreases in the cost of computers that
have occurred in the last five vears, and projecting
them a few more years into the future, the direct
costs of computerized testing will, in the near fu-
ture, he less than those of paper-and-pencil testing.

Economic Advantages of Accurate Test Scores

However, the real economic advantages of comput-
erized testing will derive from the greater accur-
acy of test scores. Since adaptive testing results
in scores which are both move precise and more ac~-
curate, adaptive test scores should result in fewer
errors in selection, placement, and eclassification.
Since training one man for one assignment may cost
many thousands of dollars, each inappropriate assign-
ment based on unreliable or invalid test scores can
waste those thousands of dollars. An overestimate
of a person’s ability cam lead to an inappropriate
personnel assignment which can result in a waste of
many additional thousands of dollars if the individ-
ual is not competent in his assignment, Conversely,
an individual whose test scores are lower than his
actual ability is underutilized. 1In this case the
potential productivity of an individual whose skills
and abilities are underestimated by poor testing
procedures is lost, again costing money to the em-
ploying organization, Finally, the underutilized
individual might be a retention or morale problem.
In that case, the costs involved in training the
individual are not fully recovered since his tenure
(or performance) on the job will likely not be opti-
mal.

Computerized adaptive testing does appear to be
economically feasible. To the extent that it will
give us tests which measure more accurately and
span a wider range of occupationally relevant abili-
ties, it should yield a substantial economic henefit
for the military services, The search for the most
practical and efficient way to implement adaptive
testing procedures is just beginning. Our research
results should provide the necessary data from which
effective computerized adaptive testing systems can
be developed and applied im the near future.
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Hoare — Continued from page 7

tion for his work, This is a most urgent topic of
research at our universities and elsewhere, and it
is to be hoped that the results will be most widely
and most vapidly propagated.

Mastery of Tools

A final point of contrast lies in the working
tools of the profession., An engineer naturally de-
mands of his toels the highest quality and precis-
ion, reliability, convenience, and cheapness in use,
In magy professions, the tools are quite simple; in
others they ave more complex, But in either case the
engineer has developed an intuiiive understanding
and ingrained mastery of their proper uses; and
this frees him to devote his whole intellectual ef-
fort to the understanding and solution of his clients'
problems,

The basic toels of the programmer are the pro-
gramming languages and compilers, job control lan-
guages and operating systems, utilities and other
sofiware supplied in profusion by the manufacturer
of his computer. But what a sorry comparison with
the tools of other professions! That they are un-
reliable, that they are profligate of computer time
and storage, thai they are inconvenient in operation
-~ these are facts that have been long recognized
and widely suffered,

Complexity . . .

Perhaps the worst symptom (and also a large part
of the cause of the trouble) is their extraordinary
and still increasing complexity, which totally beg-
gars the comprehension of both user and designer.
Among manufscturers' software one can find what
must be the worst engineered products of the com-
puter age. No wonder it was given away free — and
a very expensive gift it was, to the recipient!

Masquerading as Power . . .

But still we have some experienced programmers
and managers who actually welcome the stuff, praise
it, want more of it, and even pay for it. Here per-
haps the fatal attraction is the very complexitiy,
which would revolt the instincts of any engineer,
but which, to the clever programmer, masquerades as
power and sophistication. He may have even less
creditable motives: the use of unreliable tools
both increases and excuses the unreliability of his
programs; the use of inefficient tools both in-
creases and excuses the inefficiency of his pro-
grams; and the complexity of his tools can protect
him from close scrutiny or controel of his client
or empleyer,

Resulting in Perpetuation

And finally, after a few years experience of
some particular product, the programmer finds that
even his partial understanding of it can command
a high salary; and he has the strongest motive for
refusing to learn something new, and for rejecting
the idea that it might possibly be an improvement,
And his manager who committed himself to that pro-
duct many years ago has an even sironger personal
and financial interest in its perpeluation,

A Discipline of Software Engineering

The attempt to build a discipline of software

facturers' software is an excellent way to sharpen

our understanding of the principles of sofiware en-
gineering, both because of its consistent violation
of those principles, and becanse it makes a serious
and creditable attempt to define the working tools

of the software engineer,

It is important to take an optimistic, practical
and forwardlooking approach, There are mahy ways
in which existing tools can be used more effectively
— by adoption of supplementary software packages,
by instrumentation and tuming, by program editors
and preprocessors, by structured pregramming aids,
training manuals and courses, and by standards of
programuing practice, It is desivable to survey
the range of methods which are immediately avail-
able for practical use, and to look slightly further
ahead, and describe some of the possibilities of
further improvement that are now being opened up
by fundamental and applied research. Even if the
practical difficulties of change delay the widespread
application of results of new vesearch, it is impor-
tant that programmers and managers should under—
stand now what they are; so that they are never again.
led astray by the specious promise of sophistication
and complexity,

Evidence?

In this short sermon on the theme of software en-
gineering, I have made many allegations against the
quality of software, and against the competence, in-
telligence, and integrity of programmers, But I
have not given a single example to support my case,
nor have I named a single name, Lei me do so now:

I name the guilty man: I name myself, Within my-
self I have discovered all the faults which I have
ascribed to programmers in gemeral, If my remarks
carry any conviction, it can only be because my

reader has made a similar discovery. [
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of suppliers. We cannot expect overnight miracles.
Nor can any single organization, or single industry
do the job by itself. Tt will be a tough, pains-
taking and sometimes frustrating process. Above
all else, it will demand enthusiasm, close coopera-
tion, and teamwork.

There will never be a better time than now to

engineering on such shoddy foundations must surely get this program moving forward. 0
be doomed, like trying to base chemical engineering

on the phlogiston theory, or astropomy on the as-

sumption of a flat earth. But the study of manu-
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Computers and Society

Lois A. White

¢/o The Society of Data Educators
983 Fairmeadow Road

Memphis, TN 38117

Editorial Note: Recently "Computers and People”
received a "Data Processing Film Cataleg" put
together for the Society of Data Educators by
Lois White, There are essentially two classes
of films listed: techmiecal films, providing
explanations of computers, programming, opera-
ting systems, daia processing occupations, etc.;
and nontechnical films, dealing with the rela-
tions of computers to people, to society, to
human concerns, etc, The following is an in-
ventery of some fifty films belonging to the
second class, drawn from that catalog, It is
reprinted with permission of the Society of
Data Educators and Lois White,

" AMVER-AUTOMATED MERCHANT VESSEL REPORTS

A graphic fast-moving description of the AMVER system
and how it works as an aid to the development and
coordination of Search and Rescue efforts at sea,

The system is shown in action as its electronic
computers furnish positions and medical capability
information of nearby merchant vessels in three
distress cases — two different ships and one air-
craft,

1965 color/sound free rental 14 minutes

United States Coast Guard Films

ANALOG COMPUTER

Demonstrations and solutions om the computer and
other machines, Lecture by Dr, Wilfred Kaplan,
professor of mathematics at the University of Michi-
gan, The analog computer and its relationship to
differential equations, (Mich)

1963 rental $6.25 28 minutes

University of Michigan

AT BOME, 2001 (THE 21ST CENTURY SERIES)

Uses model homes, animation, and live-acition photo-
graphy te consider some of the possibilities for
the household of the future in terms of technology
and changed patterns of urban living, Depicts a
home in which the family lives in a light- and
temperature-controlled environment, handling busi-
ness and marketing by TV telephone in a computer-
ized den, using a wall-size 3D television for en-
tertainment and instruction, inflatable furniture,
micro-wave cocking facilities, and robots for house-
hold chores,

1967 color rental $10.60 24 minutes

University of Illinois

: Films — An !nventory

AUTOMATION: THE NEXT REVOLUTION

Dramatizes the impact of automation on workers as
production increases and the number of manufacturing
jobs decreases. Points out that machines ave rapid-
1y becoming competitors with humans, rather than
their servants, Men who create and use automated
equipment say that although they are concerned for
workers replaced by machines, the keer competition
requires the use of machines wherever they cut
costs, Shows industries radically affected by auto-
mation, and raises questions concerming the nature
of "work." Stresses the importance of education

and a more eguitable distribution of the nation's
wealth,

1963 black/white rental $7.10 29 minutes
University of Illinois

AUTOMATION: WHAT IT IS AND WHAT IT DOES

Explores the meaning and levels of autemation from

an electric can opener to transfer machinmes in an
assembly line, to the more sephisticated feedback

of a computer-controlled petroleum refinery, Eneour-
ages students to consider the implications of auto-
mation for their own future and to get the best pos-
sible general education,

1965 color rental $6.20 14 minutes

University of Illinois

BY THE NUMBERS

Story of image processing: how visual images are
processed into numbers so that they can be inter-
preted by computers; the aspplication of converting
aerial photographs into detailed maps by using thi
technolegy. (LBM) -’

Color rental $1.50 16 minutes -
University of Michigan

CAI IN NEW YORK

Depicts the operation of computer-assisted instruc-
tion (CAI) program in New York City schools, where
computers are used for drilling, reviewing, grading,
ete, HReactions from both students and teachers ave
discussed,

Color/sound vental $5 17 minutes

Purdue University

CAREERS IN COMPUTERS AND DATA PROCESSING

Produced for the Automation Institutes of America,
this {ilm explores the constantly grewing needs of,
as well as the variety of epportunities open in,
science, business and industry for trained computer
personnel, Further answered is the question of how
today's young man or woman enters inte this chal-
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lenging computer field,
Color/sound free rental 15 minutes
Control Data

CLINICAL USES OF THE COMPUTER

Illustration and discussion of the 3300 cemputer and
MED LAB time-sharing system in the pioneering biomed-
ical applicatiom at Latter Day Saints Hospital, Salt
Lake City, Utah, Explains how the digital computer
is used in conjunction with aralog equipment for
diagnosis and treatment of disease and for monitor-
ing postoperative condition of patients. Remote
oscilloscope display statiens are located in five
different hospitals in the community.

Color/sound free rental 20 minutes

Control Data

COMPUTER ANIMATION

Discusses how, as animated films have become indis-
pensable tools for educational and training purposes,
the role of compnters in their preoduction has stead-
ily increased. Shows and discusses animations gen-
erated by both analog and digital computers for wea-
ther displays, architectural and engineering stress
analysis, and aircraft navigation and landing in-
struction, and also as works of art.

1970 rental $23 purchase $360 30 minutes
University of California

THE COMPUTER REVOLUTION

Presents an introduction to the new world of compu-
ters, emphasizing their present uses and their po-
tential for the future., Explains that the computer
is a machine that takes in coded information, stores
it, organizes and mathematically processes it ac-
cording to a program it has been given, and finally
supplies the resulting information in the degired
form, Points out that computers free men from ted-
ious repetitive work., : )

1968 color/sound rtental $7.90 3 minutes
University of Minnesota

COMPUTER SKETCHPAD

Discusses a new computer-programming system develop-
ed at M.I.T. which permits a man to communicate with
a computer by drawing sketches on an oscilloscope.,
Shows how this system is used in designing and in
developing flow charts. Discusses practical appli-
cations of the system in industry and research,

1965 black/white purchase $165 rental $9,50

29 minutes Indiana University

COMPUTERS: CHALLENGING MAN'S SUPREMACY

Writer Arthur C. Clarke and several computer experts
optimistically appraise future developments and

uses of computers, Clarke conjectures that by the
year 2000 the computer will have surpassed the
capacity of the human mind in some way, but that

it will free man of many of his limitations and will
help in the development of new types of consciousness.
1972 color rental $25 22 minutes

University of California

COMPUTERS AND HUMAN BEHAVIOR

Explores some of the research being conducted at

the Carnegie Institute of Technology with electronic
digital computers in an effort to evolve new theo-
ries about human mental processes. Dr. Bert Green, -
professor of psychology, demonstrates his computer
experiments with perception eof motion and depth.

Dr. Herbert Simon with the help of the coemputexr pre-
sents his theory of how human beings memerize, And
Dr, Allen Newell shows how the computer was respon-
sible for creating a new theory about human problem
solviag,

1962 black/white/sound purchase $165 xrental $9,50
30 minutes Indiana University

COMPUTERS AND YOU

Explains and demonstrates in easily understood lan-
guage the principles and uses, advantages and limi-
tations, of computers, Examples of complex appli-
cations include a simulated moon landing,

1972 color rental $6.40 15 minutes

University of Illinois

COMPUTERS AT WORK

Views the computer under actual working coaditions
helping to produce toys; improving instruction tech-
niques in schools: helping to launch spaceships;
preparing better-tasting cake mixes; and helping
make more efficient ugse of lumber, On-location
filming offers the kind of realism that is so im-
portant in emphasizing computer studies and relat-
ing those studies to work, That realism is height-
ened by recorded comments of the very people who
use the computer, (G.E,)

Coler rental $9.50 12 minutes

Business Education Films

Available for purchase from General Electric for $145

THE CONTROL REVOLUTION

Uses animation to show the basic elements in a mod-
ern, continuous, self-adjusting control system,
Uses a thermostat to illustrate feedback, and dis-
cusses control systems built around a computer,
Shows computers in use in inventory, payroll ac-
counting, and controlling and operating delicate
machine parts in a factory. Also pictures process
control at an oil vefinery and the use of computers
in the Social Security Administration., Guests com-
ment on the release of management fyrom routine de-
cision making. -

1962 black/white rental $6.40 30 minutes
University of Illinois

CONTROLLER-COMPUTER PARTNERSHIP

One of the first orders of business at FAA is to
apply American computer technology to the heart of
the aviation system, permitting contrellers to
spend their time making vital flight decisions,
with computers performing the routine clerical
chores, In laymen's terms, this film explains the
emergence of a semi-automated air traffic control
epviremment,

1969 color purchase $26 free rental 7.3 minutes
U.S. Department of Transportation

DEFINING SYSTEMS OBJECTIVES

A medieval case study provides a dynamic format for
defining the ebjectives of a problem, the first
step in a systems apprecach. The case study depicts
how to identify the objective's intent, presenting
alternative objectives, stating expectations, and
measuring effectiveness.

Color/sound Super-8MM Cartridge $130 16MM Reel
$155 10 minutes

McGraw-Hill Book Company

DISCOVERING ELECTRONIC MUSIC

The physical basis of music and how it can be crea-
ted and altered by electronic means,  The sound
synthesizer and its capacity to create, envelope
and filter sounds, imitate musical instruments,
alter sounds of a jazz group and function.as a.
musical instrument itself., Computer-controlled and
computer-created music, St irn

1970 color rental $9.20 23 minutes:

University of Michigan

EARLY WARNING el

The Veterans Administration Hespital in Minneapolis,
Minnesota has one of the most extensive computerized
patient-monitoring setups in the nation. A Control

Data 3300 computer, by performing separate funciions
simultaneously, is assisting the V, A, Hospital
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staff in saving lives., While the computer is ana-
lyzing monitored data from patients in the inten-
sive care ward, it is also continually calculating,
during surgery, the patient's cardiac output and
other vital information.

Color/sound free rental 25 minutes

Control Data

ENGINE AT THE DGOR

I, Presper Eckert, co-inventor of ENIAC and Vice
President of the UNIVAC division of the Sperry Rand
Corporation, discusses the question "Will machines
ever run man?" Dr. Ernest Nagel, professor of
philosophy at Columbia University, and Dr, C, BR.
DeCarlo, Director of Education for IBM, discusses
the uses man makes of science and technology today
and points out that wise and beneficial use of
science and the instruments of technology is man's
responsibility alene, Concludes that, although the
computer is the machine most like man himself, it
is the man not the machine who determines what is
io be done,

1963 black/white purchase $165 rental $9,50

29 minutes

Indiana University

EXPERIMENT: WEATHER BY NUMBERS

Presents the story of Dr. Joseph Smagorinsky and
his colleagues at the Envirommental Science Servi-
ces Administration and their experiments with
mathematical equations and computers for predicting
the weather.

1966 color rvental $8.75 29 minutes

University of Illinois

EYES FOR COMPUTERS )
Computers that "see" are already performing simple
tasks in laboratory settings, At General Motors,
computer scientists seek to learn whether computer
vision technology can be exiended to the production
line, This film covers the basic principles of
computer vision and the pioneering efforts of com-
puter vwision researchers, It also shows an experi-
mental GM camera-computer-manipulator system for
mounting wheels on hubs,

1974 color f{free rental 7 minutes

General Motors Motion Pictures

A FEW ESSENTIALS

This film traces the development of five essential
areas of living: food, clothing, shelter, trans-
portation and communications., Man's historical
involvement with these areas is explored, as well
as the role of the computer in helping manage the
complex challenges of today's "essential” problems.
Animation and live-action footage shot on location
around the world,

Color free rental 16 minutes

IBM

INCREDIBLE MACHINE )
Research in computer graphics at Bell Telephoune

laboratories; use of special computers to experi-

mentally synthesize speech, make movies, compose
music and to design prototype devices,

1968 color rental $4.50 15 minutes

University of Michigan

THE INFORMATION MACHINE

An amusing, clear accounti of the development of
the electironic computer, beginning with primitive
man's first efforts to solve his problems through
the advent of machine simulation., Colorful and
imaginative, this animated film is an effective
method of explaining the nature of data processing.
Coler free rental 10 minutes

IBM

"LINC” WITH TGMORROW

Demonstrates the use of a computer to obtain infor-
mation from a patient concerning his medical his-
tery., The information obtained is combined with
data from the physical examination by the physician
and from laboratory analyses and stored in the com-
puter, This combined information is available to
the physician, Most patients enjoy using the com-
puter and the physicians have more time for per-
sonal contact after data collection. Statistical
analyses of laboratory tests not possible before
and computer applications in psychosomatic medicine
are also discussed.

1967 black/white purchase $165 rental $9,50

30 minutes

Indiana University

LOGIC BY MACHINE

Presents an introduction to computers., Ddscusses
the computer revolution, the relationship between
man and machine, and the relationship of the sym-
bolic world of mathematics to the real world of ob-
jects and events., Explains how the computer can
process millions of bits of data in seconds and

can handle as many arithmetic figures in one minute
as man can handle in a lifetime.

1962 black/white rental $6.40 30 minutes
Univergity of Illinois

MANAGERS AND MODELS

Explores the design and simulation capacities of
the modern digital computer, Shows how mathemati-
cal models and computers are used in the design and
testing of the booster stage of the Saturn rocket.
Discusses and illustrates how a computer is used to
select the optimum design for a chemical plant,
Follows step by step the mathematical simulation
of the sugar refining process in an actual plant,
1962 black/white rental $6.40 30 minutes
University of Illineis

MARK OF MAN

Film traces the higtory of man's efforts to record
information from the marks made on walls of caves,
through the development of mechanical printing de-
vices to high speed recording of computer data by

cathode ray tube, Various applications of output

from the SC4020 Computer Recorder, including pert

charts, weather maps, missile trajectories, satel-
1ite orbits, and teol patch drawings.

Color/sound vrental 13 minutes

National Microfilm Association

THE MARVELOUS CALCULATOR

This film traces the history of the computer, be-
ginning with its earliest known origin and centinuing
to the presest day. Two Minnesota television per-
sonalities, a man and a woman, nayrate this film
which was produced by Control Data Educational In-
stitutes.

Color/sound free rental 19 minutes

Control Data

A MATTER OF SIRVIVAL

Dramatizes the predicament of white-collar workers
in the automated world of industry by portraying a
situation in a company where computer methods are
being introduced to take over much of the paper
work, and, as 8 consequence, relieving a number of

~responsible, longtime employees of their jobs. Ex-

amines viewpoints of both management and employees,
but offers no solution to the automation dilemma.
1969 color rvental $11.25 31 minutes

University of Illineis
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MOVIES FROM COMPUTERS: AN INTERTM REPORT
Demonstration of computer animation of films as a
basic tool for learning.

1967 rental $4.75 20 minutes

University of Michigan

OF MEN AND MACHINES

Investigates the psychology of the man-machine re-
lationship through the work of Dr, Paul Fitts, of
the University of Michigan, Dr. Julian Christiansen,
of the Wright Air Development Center, and Dr, George
Briggs, of Ohio State University, Shows some of

the ways in which man handles and processes infor-
mation, the problems and dynamics of information
feedback between man and machines, the human beings'
behavior in highly complex man-machine systems, and
the way in which information gained from these pro-
cedures has led to the redesign of equipment to fit
human capabilities,

1963 black/white vental $6.90 29 minutes
University of Illinois

PERMUTATIONS

A computer graphics film with pulsing, hypnotie
shapes and rhythms using graphics in motion to
achieve different effects as with a language. Dots
become analogous to letters of an alphabet; circles
of dots to actual words; and formations of circles
to sentence structures. The idea of permutation
expressed in terms of moving imagery produced by
computer art.

1970 coler vrental $4.50 7 minutes

University of Michigan

ROBIE HOUSE

An analysis of one of Frank Lloyd Wright's prairie
masterpieces, the Hobie House in Chicage. Includes
pioneering use of computer graphics.

1972 color renrtal $3.90 13 minutes

University of Michigan

SCIENCE PROJECT

Adventures of boy with his first science project,
building a simple computer, The project was suc-
cessful becsuse of thorough research in the planning
stages. A report submitted to the science teacher
explains the materials used, project objectives,

and conclusions.

1960 color rental $3.40 14 minutes

Univexsity of Michigan

THE SECONDARY SCHOCLS AND COMPUTERS

Fred Gruenberger addresses a message to secondary
school mathematics teachers (a recording of his
speech of April 7, 1961, to the National Council
of Teachers of Mathematics). Using an IBM 1620
computer in action, he shows some of the things
which a cemputer can do in a high school, Tradi-
tional work is demonstrated by the solution of a
system of four simultaneous linear equations. Ad-
vanced work is represented by a problem from dif-
ferential caleulus and by a problem in Diophantine
equations, The Diophantine problem is also used
to show how real research can be brought down to
the high school level when a computer is available,
Finally, by calculating some prime numbers and by
displaying some very large factorials, it is shown
how a computer can provide seme amusing sidelights
to the world of mathematics.

1961 black/white/sound 20 minutes

The Rand Corporation

SUBJECT TO CHANGE

Film deseribes in detail the operation of the pay-
ment center by the use of computers and microfilm
at the Social Security Administration Headquarters,
Baltimore, Maryland. Explains how the Master Bene-

ficiary Record is maintained on microfilm and how
individnal payments are imitiaied or stopped. Dis-
cusses and demonstrates the updating process of
records.

1968 color/sound rental 25 minutes

National Microfilm Association

THINKING MACHINE

Can machines think? How machines now solve spe-
cific problems may soon have "thinking" ability,
How compuiers work; recent experiments in human
versus machine behavior; visual perceptien. Com-
puter wins checker game and writes a plan,

1960 rvental $9 54 minutes

University of Michigan

"THINKING" MACHINES

Presents examples of recently developed machines
which can perform in ways that resemble thinking
in various degrees. Imcludes a mechanical mouse
which learns to rum an electronic maze, a digital
computer which plays chess, and a patterwn recognizer
which may be the forerunner for systems which read
handwriting or recognize individual human faces.
Compares transistors with neurosns to poini out the
wide gap which still exisis between computers and
the human brain,

1960 color rental $5.50 19 minuies

University of Illineis

THE UNIVERSAL MACHINE

Explains that the computer is a “universal machine"
in that it is capable of doing whatever man is cap-
able of instructing it to do. Comments on the in-
credible speeds at which the computer works and
how decisions from a computer depend om the data
and instructions put irto the machine, Discusses
the problem of a universal "machine language" —
that is, agreeing on a single set of symbols and
abstractions to define problems. Concludes with a
discussion of the endiess possibilities of using
these mathematical machines.

1962 black/white rental $6,40 30 minutes
Universily of Illinois

UNIVERSE OF NUMBERS

Discusses the history of computer development from
the first mechanical caleulator invented by Blaise
Pascal in the seventeenth century to ENIAC, the
first completely electronic caleulator built in
the mid-1940's by John Mauchly and J. Presper Eck-
ert, Mr, Eckert describes the actual construction
of the mathematical machine, Explains, in lay
terms, how a computer sclves a problem, Tells how
young people are trained in complicated computer
technology.

1962 black/white rental $6,40 30 minutes
University of Illinois

WHAT 1S AUTOMATION?

Describes automation as a series of automatic ma-
chines - one taking over where the other leaves
off. Points out that automation has increased pro-
ductien ability and leisure time. A few skilled
workers supervise the machines and check the quality
of the product. Says that the demand for their
types of skills will increase as more and more pro-
duction becomes automated,

1965 color rental $5.90 14 minutes

University of Illinois

WHAT IS A COMPUTER?Y

Animated cartoon treatment which introduces the
basic principles of the operation of a computer
system, How a computer stores informatiom, pro-
cesses input data, and prints out responses. Dem-
onstrates a flow chart and diagrams logic eircuits

{please turn to page 26}
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Computing and Data

ADAPSO PUBLISHES SURVEY ON SALES, PROPERTY
AND USE TAX LAWS AS THEY AFFECT THE
COMPUTER INDUSTRY IN 60 STATES

J L. Dreyer

Executive Vice President
ADAPSO

210 Summit Avenue
Montvale, MJ 07645

The Association of Data Processing Service Organ-
izations (ADAPSO) has published a 350-state survey
of personal property, sales tax, and use tax laws
as they relate to computer software, data processing,
and related transactions., The 156-page survey, a
year in preparation, represents what ADAPSO believes
is the only work of its kind in existence,

The purpose of this survey, said Jerome L. Dreyer,
executive vice president of ADAPSO, which represents
time-sharing, data center, software and facility
management companies in the move than $4 billion
computer services industry, is to summarize the im-
pact of state retail sales, use and personal proper-
ty tax laws on the computer industry at the present
time. Mr. Dreyer also said that the survey is meant
to serve as an industry reference guide for use by
general management and accounting and legal staffs.

The three areas surveyed for each state, personal
property, sales tax, and use tax, are summarized in
the introduction to the survey:

1. Personal property tax. The survey notes that,
generally, tangible personal property and real pro-
perty within the state are subject to taxation, al-
though, occasionally, intangible personal property
is also taxed. While some states impose a state tax
on intangibles, such tax is almost always directed
toward stocks, bonds, promissory notes, and the like,
and therefore, has no special applicability to the
computer industry. -In addition, hardware is consid-
ered tangible persomal property in all jurisdictions,
thus subject te the property tax.

The status of operational or sysiems software is
unclear. A few states, such as California, have
congidered the question and have classified this
type of software as part of hardware and thus subject
to the property tax. Most states, however, have net
considered the question, so that very little law is
available on the subject. The term of software,
when used in the survey, means application (some-

Processing Newsletter

times referved to as applied) softwave. The ques-
tion of whether software will be considered ‘tangible
personal property is particularly problematical in
this area of taxation because local practice may
differ as to its treatment.

The survey also notes in this section that a fur-
ther question arises as to the methed of valuation
which should be employed if software is deemed tax-
able since this tax would be imposed on the value of
the property on a particular valwation date.

2. Sales tax. This is a tax administered by the
state on retail sale and, usually, rental or lease
of tangible personal property within the state. The
sale, lease, or rental of hardware is considered a
sale, lease, or rental of tangible personal property
within all states having a retail sales tax., The
main question raised in the various state summaries
is whether application software, either package or
custom, constitutes tangible personal property for
purposes of sales taxation, In states making a dis-
tinction between operational systems or software and
application software, the former has been considered
part of hardware, and thus tangible personal proper-
ty. The status of operatienal or systems software,
however, is largely undecided, and, as with personal
property tax, very little law is available on the
subject.

The survey points out that in addition to taxa-
tion of tangible personal property, many states also
impose the sales tax on gross receipts derived from
providing certain enumerated services. These ser-
vices are designated specifically by the statute or
are included in the definition of "sale™ or "retail
sale.” The tax on services has obvious relevance
to data processing. o

3. Use tax. This is, according to the ADAPSO
survey, one that complements the retail sales tax
and is only found in those states having a sales tax.
The tax is levied on tangible personal property
"used, stored, or consumed" in the state, where the
sales tax imposed by that state has not been paid.
This situation normally occurs where tangible per-
sonal property is purchased or leased from outside
the taxing state for use within. Therefore, a pro-
vision is normally included in the statute which al-
lows a credit to the extent a sales tax was paid in
the state of purchase or lease. The definition of
use,storage and consumption normally includes resale,
lease, or release and this should be assumed unless
otherwise noted,
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COMPUTERIZED ROUTING CAN
IMPROVE NEWSPAPER DELIVERIES

News Office
Mass, Inst. of Technology
Cambridge, MA 02139

Computerized scheduling and routing of newspaper -

delivery trucks has a potential "for real savings
and better service." according to a preliminary stu-
dy by researchers ai Massachusetts Institute of
Technology. The overall goal of the study was to
determine if computerized approaches to newspaper
vehicle routing and scheduling are sufficiently pro~
mising from the viewpoints of delivery-cost reduc-
.tions and service~quality improvements to warrant
further detailed, in-depth investigations.

The exploratory study was carried out in coopera-

tion with the Worcester (Massachusetts) Telegram-
gazette, and focused on the company's afternoon
newspaper, which has a circulation of about 92,000.
The study indicated that computerized approaches to
scheduling and routing of delivery trucks "should
be part of the future electromic environment” of
newspaper plants,

In order to conduct the study in "the real-world
environment of newspapers." the researchers worked
with the staff at the Worcester Telegram-Gazette to
assess the requirements of their distribution sys-
tem. They collected: listings of vehicle routes
within the city limits; information concerning the

approximately 5350 drop peints for bulk deliveries;
the numbers and sizes of delivery vehicles; vehicle
capacities; newspapers per drop peint; and other
similar, relevant information.

A model was devised that considered limitations
on vehicle~loading capacities, the maximum number of
drop points that can be assigned to any route, the
maximunl time that should be allotted to any vehicle's
route, and the size of the delivery fleet. By ap-
plying this computerized model to the data supplied
by the Worcester Telegram, the researchers produced
some tentative conclusions:

— The 550 drop points within the city could be
covered by a total of 13 routes instead of
the 20 being used by the newspaper.

— A routing concept entirely different from the
one in use was possible.

~— Vehicles could be loaded to mere than 50 per
cent of funectional capacity, averaging 67 per
cent capacity; this would be a marked improve-
ment,

The M.I.T, veseavrchers caution that their model
was preliminary and did not consider certain policy
decisions that ied to the current routing pattern,
Nevertheless, the findings suggest that improvements
are possible, they said, adding that the newspaper's
circulation department was intrigued by the fresh
approach to routing offered by the computer, [

White — Continued from page 22

of the "and," "not," and “or" relations. Three major

uses of computers and the systems required for each,
1971 color vental $8.25 19 minutes
University of Michigan

WHOLE EABTH'S INVISIBLE COLOHS

Builds an understanding of multi-spectral sensing
as a system to explore mew ways to look at the
earth and its total resources., How this technique
expands man's ability to survey earth resources and
to diagnose ecological ills: how scientists use
computers to help analyze and interpret the images;
practical applications for agriculture, forestry,
conservation, geography, urban planning and miner-
alegy.

1972 color vrental $9.15 20 minntes

University of Michigan

AND WONDERS NEVER CEASE

Opens with an overview of the development of audio-
visual materials in education and continues with
today's use of the new media including electronic
computers operated by high schools in large city

systems., Assures that these instructional mater-
ials are an extension of the teacher's personality
and that they are tools to aid rather than replace
the teacher,

1963 color/sound rental $3.50 27 minutes

Purdue University

YEAR 1999 A.D.

The house of tomerrow is shown, including home-based
computers that serve as bookkeeper, banker, shopper,
cook, ‘maid, entertainer, librarian and teachey in

a look at suburhia by the turn of the next century.
1968 rental $6 26 minutes

The University of Texas at Austin

YOU AND THE COMPUTER

The simple example of preparation of an individual
paycheck shows the diffevence in handdone and com-
puter-handled operations — covers storage, calcu-
lation, output and control; the function of the
computer memory, how the program serves as instruc—
tions.

1969 color/sound rental $4.40 9 minutes
University of Minnesota ]

Clagett — Continued from page- 14

Analysis of Software Costs
During the Year

Time Req'd Charge
Task (Hrs) Basis Cost

1. Software

Developmert 200 Fixed Rate $4,000
2, Modifications
(Estimate) 20 $30 per Hour 600
3. Training 14 Included in
Development

4. Long-Range

Support a0 $30 per Hour 1,000
TOTAL COST $5,800

There may be a large difference beiween the
quoted cest for development and the true cost.

It's important to compare true cosi, as the lowest
hid may not actually provide the lowest cost.

Monitoring Development

Monitoring the progress of software development
will help you to aveid potential problems and de-
lays., Ask the consultant to submit progress re-
ports, and schedule periodic meetings to review
the status of the project. To monitor progress,
prepare a chart showing the expected sequence of
events during develepment,

Conclusion

Tt is quite likely that attention to all the de-
tails here referred to will make the difference
hetween the success and the failure of a computing
installation,
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GAMES AND PUZZLES for Nimble Minds - and Computers

It is fun to use one’s mind, and it is fun to use the
artificial mind of a computer. We publish here a variety
of puzzles and problems, related in one way or another to
computer game playing and computer puzzle solving, or

Neil Macdonald
Assistant Editor

to the programming of a computer to understand and
use free and unconstrained natural language.

We hope these puzzles will entertain and challenge
the readers of Computers and People.

NAYMANDIJ

In this kind of puzzle an array of random or pseudoran-
dom digits (“produced by Nature™) has been subjected to a
“definite systematic operation” (*chosen by Nature™) and
the problem (“which Man is faced with™) is to figure out
what was Nature’s operation.

A “definite systematic operation” meets the following
requirements: the operation must be performed on all the
digits of a definite class which can be designated; the result
displays some kind of evident, systematic, rational order and
completely removes some kind of randomness; the operation
must be expressible in not more than four English words.
(But Man can use more woids to express it and still win.)

NAYMAND! 767

8037747405 168715832938
34086525b27104547915¢86
793415303523688214334
76213148450831214023
75821576810575179082
31002109320661146910
9557841843321685614892
5603543100817 07469229
481505661214848322872
7100457851077 9464502
MAXIMDIJ

In this kind of puzzle, a maxim {common saying, proverb,
some good advice, etc.) using 14 or fewer different letters
is enciphered (using a simple substitution cipher) into the
10 decimal digits or equivalent signs for them. To compress
any extra letters into the 10 digits, the encipherer may use
puns, minor misspellings, equivalents like CS or K8 for X
or vice versa, etc. But the spaces between words are kept,

MAXIMDIJ 767

. OHAN O AH OV
YV #XAVODO XYV

NUMBLES

A “numble” is an arithmetical problem in which: digits
have been replaced by capital letters; and there are two
messages, one which can be read right away and a second
one in the digit cipher. The problem is to solve for the
digits. Each capital letter in the arithmetical problem
stands for just one digit 0 to 9. A digit may be repre-
sented by more than one letter. The second message,
which is expressed in numerical digits, is to be translated
(using the same key) into letters so that it may be read;
but the spelling uses puns, or deliberate {but evident) mis-
spellings, or is otherwise irregular, to discourage cryptana-
lytic methods of deciphering,

NUMBLE 767

PEOPLE

X ARE

C=R OMLPPI L
EPDOLPP
MDCRLDEC

=MLPI TLI OL

8124 9786 035

We invite our readers to send us solutions, Usually
the (or “a”) solution is. published in the next issue.

SOLUTIONS

NAYMANDIJ 766: Make column 13 odd.
MAXIMDE 766: Do the best that you can.
NUMBLE 766: Oak is farmer’s iron.

Our thanks to the following individuals for sending us
solutions: Choon Kun Choung, San Diego, CA: Numble
764; Numble 765 — Abraham Schwartz, Jamaica, NY:
Numble 764; Numble 765 — Dianne King, Warwick, NY:
Naymandij 765 - Jim Pate, Birmingham, AL: Naymandij
765; Maximdij 765 — Frank E. Deleo, Brookiyn, NY:
Naymandij 765; Maximdij 765; Numble 765; Naymandij
766; Maximdij 766; Numble 766 — T. P. Finn, Indiana-
polis, IN: Maximdij 765; Numble 765; Maximdij 766;
Numble 766.
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COMPUTER GRAPHICS AND ART

FIRST TWO ISSUES NOW PUBLISHED

Partial Table of Contents — Vol. 1, Nos. 1 and 2

Learning Through Graphies
by Dr. Al Bork, University of California, Irvine, Cajifornia
A ter-year forecast for computers, education, and graphics
by a leading authority.

Art of the Technical World
by Dr. Herbert Franke, Munich, Germany
Computer art as the bridge between the two realms of
art and leisure,

Expanding the Graphics Compatability System to Three Dimensions
by Richard F. Puk, Purdue University, Lafayette, Indiana
Design considerations for a user-oriented 3-D graphics system.

A Personal Philosophy of Ideas, New Hardware, and the Results
by Duane Palyka, University of Utah, Salt Lake City, Utah
The frame-buffer from Evans and Sutherland allows the

artist to treat the computer as a paint and brush medium,

How to Build Fuzzy Visual Symbols
by Alex Makaravitsch, Honeywell Bull, Paris, France
A new approach to computer art and graphics by a
computer scientist.

The State of the Art of Computer Art
by Grace C. Hertlein, Editor
Compatisons of early computer art and today's newer art.
What .is art? What is art in computer art?

Inexpensive Graphics from a Storage Cathode Ray Tube
by Charles J. Fritchie and Robert H. Morriss, Tulane University,
New Orleans, Louisizna
[lustrations and photographic techniques used to achieve
graphics from a storage tube CRT.

An Investigation of Criteria for Evaiuating Computer Art
by Thomas E. Linehan, Chio State University, Columbus, Ohio
The new aesthetic of computer art requires a departure from
the previous, formalist-traditionalist doctrines for evaiuating art.

Ta: COMPUTER GRAPHICS and ART
Berkeley Enterprises, Inc,
815 Washington St.
Newtonville, Mass. 02160

{ ) Please enter my PERSONAL {U.S. and Canada} subscription to
CG&A {$10 per year).

{ ) Please enter my FOREIGN PERSONAL subscription to CG&A
($13 per vear).

{ ) Please enter my LIBRARY/DEPARTMENTAL subscription to CG&A
($15 per year).

{ ) Enclosed is my PERSONAL CHECK AND/OR PURCHASE ORDER
for CG&A.

() Enclosed is $2.50 for a sample copy of CG&A (appiicable toward a
subscription ).

FULL REFUND IN 30 DAYS IF NOT SATISFACTORY

{may be copied on .any plece of paper)

Name
Title
Organization
Address

COMPUTER GRAPHICS and ART is a new international
quarterly of interdisciplinary graphics for graphics people and
computer artists. This new periodical is aimed at students,
teachers, people from undergraduate and graduate institutions,
researchers, and individuals working professionally in graphics.
Its topical coverage is broad, embracing a variety of fields.

It is useful, informative, entertaining, and current. Our goal
is excellence, and to achieve this objective, we invite our
readers to participate actively in the magazine, and to advance
the state of the art of computer graphics by communication,
sharing, and dissemination of ideas.

We. invite you, your colleagues and students to help us
achieve this goal.

List of Coverage for Up-Coming Issues

Applied Arts and Graphics

Architectural Graphics

Cartography Systems

Computer-Aided Pesign

Computer Assisted and Managed Instruction
Utilizing Computer Graphics

Computer Graphics in Physics, Chemistry,
Mathematics, ete.

Computer Programs for New Applications

Disptay Systems and Graphics

Fine Art and Media Explorations

Graphics in Business

Hardware Systems and Graphics

Interactive Graphics Languages and Systems

Languages for Computer Graphics and
Graphics Primitives

Software Systems and Graphie Requirements

Statisticat Packages and General Graphing

Syliabi for Comgputer Graphic Courses

HERE 1S YOUR OPPORTUNITY FOR FEEDBACK TO US:

{ ) | hope to submit for publication in CG&A material on the following
topics:

{ } | am interested in reading materials by the following authors:

{ )1 am particularly interssted in coverage of the following subjects:

{ 11 would like to receive materials on other Berkeley Enterprises, Inc.
publications: { } COMPUTERS and PEOPLE [ ) The COMPUTER

DIRECTORY and BUYER'S GUIDE { } Peopie and the
PURSUIT of Truth [ ) The Notebook on COMMON SENSE and
WISDOM { } WHO'S WHO in COMPUTERS and DATA
PRQCESSING [ ) Books

{ )l am interested in: { ) black and white computer art reprints at low
cost [a bonus for subscribing to CG&A} () 77 page FORTRAN
1V art manual ( ) 45 page interdisciplinary graphics hibliography
by G. Hertlein

{ } Additional Comments {attach another paper if needed}:

and people

formerly Computers and Automation

The Engineering of Software
— C. A. R. Hoare

Universal Vendor Marking (UVM)
— William S. Anderson

Computers and Society: A Theme
f'orﬂﬁa Course and a Final
Examination

— Edmund C. Berkeley

Software Consultants:
An’ Introduction
— Jack Clagett

Computerized Adaptive Ability
Measurgment
— David J. Weiss

Computers and Society: Films —
An Inventory
— Lois A. White
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The Notebook on
COMMON SENSE, ELEMENTARY AND ADVANCED

is devoted to development, exposition, and illustration of what
may be the most important of all fields of knowledge:

“RIDE THE EAST WIND:

by Edmund C. Berkéley, Author and Anthologist -

Parables of Yesterday and Today”

Published by Quadrangle/The New York Times

WHAT 1S GENERALLY TRUE AND IMPORTANT =

Q
JUDGEMENT SCIENCE 'fEC*::I{\;lR UES
¥ TORITY GENERAL SOLVING +
MATOR PROBLEMS

TECHNIQUES SOME PARTS

SOME PARTS

AVOIDANCE

FOR OF OF OF +
AVOIDING + OPERATIONS + SYSTEMS + LOGICAL
MISTAKES RESEARCH ANALYSIS FALLACIES

PURPOSES:

to help you avoid pitfalls

to prevent mistakes before they happen

to display new paths around old obstacles
to point out new solutions to old problems
to stimulate your resourcefulness

to increase your accomplishments

to improve your capacities

10 help you solve problems

to give you more tools to think with

REASONS TO BE INTERESTED IN THE FIELD OF
COMMON SENSE, WISDOM, AND GENERAL SCIENCE

COMPUTERS are important —
But the computer field is over 26 years old. Here is a new
field where you can get in on the ground floor to make

your mark.

Topic: Topic:
THE SYSTEMATIC SYSTEMATIC EXAMINATION
PREVENTION OF MISTAKES OF GENERAL CONCEPTS
Already Published Already Published
Preventing Mistakes from: The Concept of:
Failure to Understand Expert
Forgetting Rationalizing
Unforeseen Hazards Feedbacik
Placidity Model
Camouflage and Deception Black Box
Laxity Evolution
Bias and Prejudice Niche
Ignorance tUnderstanding
To Come ldea
Preventing Mistakes from: Abstraction
Interpretation To Come
Distraction Strategy
Guilibility Teachabie Moment
Failure to Observe Indeterminacy
Failure to Inspect System

MATHEMATICS is important —
But this field is more important than mathematics, because
common sense, wisdom, and general science have more
applications. -
LOGIC is important —
But this fietd is more important than logic, because common,
sense plus wisdom pius science in general is much broader
than logic. :
WISDOM is important — :
This field can be reasonably called “the engineering of !
wisdom”. X
COMMON SEMNSE is important — :
This field includes the systematic study and development of
commaon sense.
SCIENCE is important — !
This field includes what is common to ali the sciences, what .
is generally true and important in the sciences.
MISTAIES are costly and to be AVOIDED — ‘
This field includes the systematic study of the prevention of |
mistakes.
MONEY is important — '
The systematic prevention of mistakes in your organization -
might save 10 to 20% of its expenses per year.

* 3. The Golden Trumpets of Yap Yap

Operational Definition

--------------- {may be copied on any piece of paper}
To: Berkeley Enterprises, Inc.
8156 Washington St., Newtonvitle, MA 02160
{ ) Yes, please enter my subscription to The Notebook on Common
Sense, Efementary and Advanced at $12 a year {24 issues), plus
extras. | understand that you always begin at the beginning
and so | shall not miss any issues.

{ ) Please send me as free premiums for subscribing:

1. Right Answers — A Short Guide to Obtaining Therm 4. Strategy in Chess
2. The Empty Column 5. The Barrels and the Elephant

{ } lenclose$ { } Please bil my organization
RETURNABLE IN 7 DAYS FOR FULL REFUND IF NOT SATISFACTORY
HOW CAN YOQU LOSE?

Name Title

Organization

Address (including zip)

Signature Purchase Order No.
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leaping eand
went ay
The ,..a(I'WES. .Engineerin_g Techno-
fogy. So e cngineer who lived on the slopes of
Mt. Etna, - liked the balmy climate and the view of the

Mediterrancan Sea and the excitement of watching his instruments
that measured the degree of sleeping or waking of Mt. Etna. The
Fox put his problem before the Engineer . . . . B :

The Fire Squirrels

Scerrg: Two squirrels, a young one named Quo, and an older-one
named Cra-Cra, are sitting by a small campfire in a field at the edge
of a wood. Behind thern hung on a fow branch of a tree are two
squirrel-size hammocks, Over each of the hammocks isa smalf can-
opy that can be lowéred to keep out biting insects. . It is a pleasant
summer evening; the sun has just recently set, and the stars are com=-
ing out:

Quo: Cra-Cra, you know | don’t believe the old myths any more.
Tell me again how it really happened. o
Cra-Cra; Just this: we received our chance because they dropped
theirs. [t is as simple as that,

Quo: In other words, they were the first animals to use tools,
and we are the second?

Cra—Cra: Yes. There is a mode of surviving in the world . . . .

Book Co., 1974, 224 pp, $6.95

Missile Alarm from Grunelandt

Once upon a time there were two very large and strong coun-
tries cailed Bazunia and Vossnia. There were many great, impor-
tant, and powerful leaders of Bazunia who carefully cultivated an
enormous fear of Vossnia. Over and over again these important
and powerful leaders of Bazunia would say to their fellow coun-
trymen, “You can't trust the Vossnians.” And in Vossnia there
was a group of great, important, and powerful leaders who pointed
out what dangerous military activities the Bazunians were carrving
on, and how Vossnia had to be militarily strong to counteract
them. The Bazunian leaders persuaded their countrymen to vote
to give them enormous sums of money to construct something
called the Ballistic Missile Earfy Warning System, and one of its
stations was installed in a land called Grunelandt far to the north
of Bazunia.

Now of course ballistic missiles with nuclear explosives can fly
any kind of a path all around a spherical world, and they do not
have to fly over northern regions. But this kind of reasoning had
no influence on the leaders of Bazunia who wanted the money
for building BMEWS, Nor did it have influence on their country-
men, who were always busy, trying to make money — in fact
often too busy to think clearly . . . .

52 parables (including fables, anecdotes, allegories)
23 never published before '
27 authors

18 full-page illustrations:

330 quotations and maxims

7 Parts: The Condition of Man / On Flattery and
Persuasion / On Perseverance and Resourcefulness /
‘ehavior — Moral and Otherwise / The Problem
wf Truth / On Commeon Sense / Problem Solving

THE VALUE OF THIS BOOK TO YOU
CAN BE VERY GREAT |

JUDGE FOR YOURSELF AT NO COST

RETURNABLE IN 10 DAYS FOR FULL REFUND
IF NOT SATISFACTORY :
You can read it all in 10 days — and keep it only if
you think it is worth keeping.

HOW CAN YOU LOSE?

— — — — {may be copied on any piece of paper} — — — — — — —
To: Berkeley Enterprises, Ine.

815 Washington St., 59, Newtornville, MA 02180

Please send me copylies) of Ride the East Wind:

I enclose $7.00 per copy {includes handling),

Total enclosed (Prepayment is necessary)

|
|
|
|
[
|
|
I My name and address are attached.
I
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Computer Programming and Programmers

7 The Engineering of Software: A Startling ‘Contradiction
by C. A. R. Hoare, The Queen’s University of Belfast,
Belfast, Northern freland
When, if ever, is a programmer justified in calling himself
a “software engineer”? What are the criteria that dis-

12 Software and Consultants: An Introduction
by Jack Clagett, Hewlett Packard, Loveland, CO
A set of practical guide!ihes for evaluating software
needs and software costs, and choosing a software
consultant.

6 Ambiguity and Computers — il
by Edmund C. Berkeley, Editor
In translating from one natural language to another in
limited contexts, a computer program should be able to
resolve ambiguity and make meanings more precise.
Changes in word order, choice among multiple meanings,
etc., should be deducible in fimited contexts.

Computers and Business

8 Universal Vendor Marking (UVM}: A Missing Link
by William S. Anderson, NCR, Dayton, OH

This marking scheme is a revolutionary system for
merchandise identification and offers great advantages
to retail stores, merchandise manufacturers, equip-
ment suppliers, and consumars. -Now because of
advances in wand technology, point-of-sale application
can be implemented.

The Computer Industry

23 ADAPSO Publishes Survey on Sales, Property, and Use Tax
Laws as They Affect the Computer Industry in 50 States
by J. L. Dreyer, ADAPSQ, Montvale, NJ

Computer Applications

15 Computerized Adaptive Ability Measurement — Part 2

by Dr. David J. Weiss, University of Minnesota,

Minneapolis, MN
During World War I, the paper-and-pencil, multipie-
choice, group-administered, ability test was developed
to classify large numbers of peaple quickly. Afthough
it was efficient, it was not adapted to the individual
testee’s ability. A computerized adaptive test combines
the efficiency of group-administered tests and the
accuracy of an individually administered adaptive test.

24 Scientists Use a Computer to Control Insects by
Nonchemical Means
by Professor Theodore Crovello, University of Notre Dame,
Notre Dame, IN
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24 Computer Turns on Ajr Conditioners, Shuts off Boilers, [An]
and Saves University $100,000 a Year
by Romi Fox, Kent State University, Kent, OH

25 The U.8. Postal Service Will Study Electronic Systems [N]
for Delivering Mail
by Public Relations Office, U.S. Postal Service,
Washington, DC

25 Computer Prints Vital Materials for the Blind in Braille [N]
by Russell Paulsen, North Central Technical Institute, .
Wausau, WI

26 Computerized Routing Can Improve Newspaper Deliveries [N]

by News Office, Mass. Inst. of Technology, Cambridge, MA
Computers and Society

10 Computers and Society: A Theme for a Course and [A)
a Final Examination
by Edmund C. Berkeley, Editor, Computers and People
What should one know about the relations of computers
and society, so that one could give excellent advice to
a government commission?

19 Computers and Society: Films — An Inventory [A}
by Lois A. White, ¢/o The Society of Data Educators,
Memphis, TN

Some fifty nontechnical films dealing with the relations
of computers 1o people, to society and to human con-
cerns, are here summarized and listed. The summaries
enable some judgement of the films ahead of seeing them
and were produced for the Society of Data Educators.

Computers, Puzzles and Games

27 Games and Puzzles for Nimble Minds — and Computers [c]
by Neil Macdonald, Assistant Editor
MAXIMDIS — Guessing a maxim expressed in digits
NAYMANDIJ — A systematic pattern among randomness?
NUMBLES - Deciphering unknown digits from arith-
metical relations

Announcemernts

2 The Notebook on COMMON SENSE, ELEMENTARY [R]
AND ADVANCED

3 RIDE THE EAST WIND: Parables of Yeste.;‘day and Today [R]

5 101 Maximdijes _ [R]
A new Berkeley Enterprises, Inc. publication
28 COMPUTER GRAPHICS and ART ‘ [R]

A new guarterly magazine

Front Cover Picture

The world’s largest mosquito, the
cannibal, may help control other mosqui-
toes which carry encephalitis and other
diseases. Scientists at the University of
Notre Dame are using the cannibal and a
computer to help develop nonchemical |
strategies for combatting mosquitoes.

101 MAXIMDIJES

Over 100 amusing, sasy, crypto-
graphic puzzles .... with maxims,
quotations, sayings, etc., as the
answers .... with lists, tables, and a
guide for solving speedily .... hours
of fun and entertainment for you
and your friends.

For your copy, send $1.80, plus
20 cents for postage and handling,
with your name and address to:

Berkeley Enterprises, Inc.
815 Washington St.
Newtonville, Mass. 02160
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EDITORIAL

Ambiguity and Computers — [} ]

Translation from one natural language to another
has been largely given up by the computer program—
ming profession. One of the standard reasons of-
fered is ambiguity: natural language is ambigquous
and so the computer cannot do as good a job as a
human being. Another reason is that the human being
has much knowledge and experience to draw on, of how
words go together, Third, it is asserted that a
straightforward translation by computer says basi=
cally so little that it is clear that a human being
is always needed to covrect it and make it sound

like normal English — the operation of post-editing.

Ete.

Is this still a good argument? Or is it an argu-
ment that will be left high and dry on the beach as
the tides flow in new directions?

Let's begin with an example, Let's choose a por-
tion of the famous fable by La Fontaine, "The Crow
and the Fox":

Ma?tre Corbeau sur un arbre perché

Tenait en son bec un fromage;

Maitre Renmard par 1'odeur alléehé

Lui tiat 3 peu prés ce langage:

"Eh, bonjour, Monsieur du Corbeau,

Que vous Btes jolil que vous me semblez
bean]

English transiation, word for wovd:

Master Crow on a tree perched

Held in his beak a cheese;

Master Fox by the smell allured

To him held a little near this language:

"Oh, good morning, Sir of Crow,

How you are pretty! How you to me seem
beautiful!l

Euglish, in a more normal idiom:

Master Crow perched on a tree

Held in his beak a piece of cheese;

Master Fox, drawn by the good smell,

Spoke to him, in about these words:

"Oh, good morning, Sir Crow,

How handsome you are! How besutiful you seem
to me!

The clarifying changes fall inte twoe classes:

-— Change of word order, as in changing "How
you to me seem beautiful™ into “How
beautiful you seem to me"; and

— Digentangling of ambiguity and sharpening
of meaning, as in: (1) assigning dif-
ferent translations to two occurrences
of the same French verb "tenir," result-
ing in "held” for "tenmait" and "spoke
to" for ™tint"; (2) changing "pretty” to
"handsome,” because in English a woman
is pretty but a man is handsome, and
changing "cheese" to "a piece of cheese,"
because in English cheese is.a mass word
like butter, but net in French; etc.

Tn limited contexts which apply to any one pas-
sage of material to be translated, these operations
of change of word order and sharpening of meaning
are not difficult. Plain ordinary people talking
in the common everyday world do it all the time.
There is no substantial reason why -a computer pro-
gram cannoi do these operations in limited contexts.

Another effort at computer translation from one
natural language to another, in limited contexts.
using 1976 ideas for dealing with ambiguity. should
have useful and significant vesults,

T dh . B,m!”uﬁo:]

Edmund C. Berkeley
Editor
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