st A

A

caihd x

s

- © et e - e e B ma mamam ooa e —— o
- —— - a—- < st e 7 i b ot et e s et o e ot e ooy e e

R E 2 O R T R E S U M E §

ED 010 544 64

COMPUTERS AND UNIVERSITIES. (A WORKSHOP CONFERENCE PRESENTED
BY THE UNIVERSITY OF CALIFORNIA, IRVINE, WITH THE COOPERATION
OF THE UNIVERSITY OF MICHIGAN, NEWPORT BEACH, NOVEMBER 8-12,
1965.)

BY- GERARD, R.W. MILLER, JAMES 6.

CALIFORNIA UNIV., IRVINE . :
REPORT NUMBER NDEA-VIIB-510 PUB DATE 27 JAN 67
MICHIGAN UNIV., ANN ARBOR,MENTAL HEALTH RES. INST.

REPORT NUMBER BR-5-0997

CONTRACT OEC-5-16-022

EDRS PRICE MF-$0.81 HC-$20.16 504pP.

DESCRIPTORS- WORKSHOPS, *COMPUTERS, COMPUTER ASSISTEC
INSTRUCTION,. INFORMATION UTILIZATION, *CONFERENCES,
SUNIVERSITIES, 3EDUCATIONAL PLANNING, ADMINISTRATION, LIBRARY
SERVICES, INFORMATION STORAGE, IRVINE, CALIFORNIA

THE COMPLETE TRANSCRIPTION OF A 5-DAY WORKSHOP
CONFERENCE ON COMPUTERS AND UNIVERSITIES WAS PRESENTED. THE
PARTICIPANTS CONSISTED OF 54 REPRESENTATIVES FROM
UNIVERSITIES AND COMPUTER-ASSOCIATED AGENCIES AND
CORPORATIONS. TOPICS LISTED ON THE CONFERENCE AGENDA WERE (1)
*COMPUTER-ASSISTED INSTRUCTION, LEARNING ASPECTS,® (2)
*COMPUTER-ASSISTED INSTRUCTION, TECHNICAL ASPECTS," (3)
*LIBRARY HANDLING BOOKS AND THEIR CONTENTS," (4)
*COMPUTER-ASSISTED INSTRUCTION, LIBRARY, STORED INFORMATION, *®
(5) "ADMINISTRATION, INTEGRAYED RECORDS AND PROCEDURES," (6)
*ADMINISTRATION, TOP LEVEL INFORMATION FLOW," AND (7)
"REGIONAL AND NATIONAL NETWORKS.® (RS)

(s Lkl

¥ «/\}"‘"

A RSN (ORI OK 3Seryng preey

TYr

i

T

Mty

Adosar 4

¥ 1. 1%

P O




S

i e

. g

- s

N -

T T T T T T P R PUR VPP S T
- ‘
~ ~ * -
~ . - . N ® . *e
. ) . M I N
. o, TR {

e, 1S
ek, .A..zf '

NN -~ .
LY hal BN

\Ba ige h
P A N
..Uo I\.p..v.-.t Ak 29

I
A TR vl v g -
‘lrx...lfal

. ey
! RS

)
.. e
B . PRV S “.
v - A ] L )
. M I L R
. “ay are Py " 2 4
NN BTN DRV BP _ N .
R . rrul N .
v i S e - . (R ;
war oy AT - - »
. B S A S — oo . m
2 i v = R \
. . . - L
e R s, . ¥ oY . LN :
s et - ) 3 . h , |
e . L | . . ) R . 3
P " R > % [T C o > <o v ]
- e AU s N . ! N 1 . = ;
. ' . Lo by w'x .

3}
. the

-
By Py

- ) x . - . N q Z.w.ln,.
) M. e e . ;.-.WJ * .fto-l.m” .
» LR} . . ’ ‘- :- 1rPA b «._w n.
T ...m.. ' ) cw.l I LN T Vm ' w.,
‘ PO SR S N Y :
L Clag, sa N ETUNIEL N, .
’ © - ' " ™ .a ~ .Ml.,} N ) _~..n.V ',.Iﬁir R m
e Y] e RN - LT R W W AR RN y
’ STIR I AR AL AELC O M
, . LA Y TR SRS IO S IR OO SO B 2 3 |
e - HEA - N S A S FE B
. . R P N L A RO " TN TY | 3
. . COE B Y Mo e 3 T R0
R . - VR AN 2 - AR i Yeey ..‘/ ..‘f&
) . g U N e Na0 __,_,,.YM RPN - e
. . ..r L T - RO ] g % ..t e il Yy ,_,M:X»
Ces - ‘ w 20, Sty ; BTy~
SN v - Yy Rt ol b5 . n v,
.1 - B A ARCN
T “ P Yy O- $ ) £ SNJ, A O 4
N P2 g ANy N %y B} ,q.m
. A. ) .u,

DR
P
M
et
OV

xS

7
'/

#

y
/ 5
I“"
Co

i
Ly

iy

as

:th
SRy
S ne
- ; -
ol v
ive
‘ 'l
A
2

E 3
2

Py
~
.
-
.

#
A
.
<
.
’
>
»n

LR NECT o, FEWE TSN N
= x .

e
‘L,
5
/

;o
op-
rsi

h

e

T

"‘{'.';
A

3

oy

’ -

27

.v;.?‘

-
L
.
=

rd
A
N -'Z/
N
o
W,
e
ksh
e
inive

e
X
-
s
> .
Vi
3,
¥
o
’

. ‘ e : b kY -
B .. s . TRV
. . e
. . ot 3L . .4' .\T:“.u».‘.., M
" LU e,

AN
-
&z
A Wo
A
1"/
N“’_’.‘
> .
-
o
5!

e i

v ragaa

y

1
L
‘I '

) R o
) ., A i .
4 . . - 4 . >
N - * : p+? LT *
. . .~ . N ) . *
N Ve S - - ‘ s '
. v - - . ey Y N
. - -
S e . ol N St P
-, ° . . - .
P - . e PO \ N et
x . ¥ P ~ 4 [ s Ja '
- . o~ : Y o Tl PO R
. . N ol v v ' ' N T o B
AN s K - TSN * ’ ~ oy .‘..ur...w
N " ‘ -~ e Ty s N Yoo : X
. N N R T Ve
S . A
«
-
Y
- Ay
T
* .
R - .
e LR >
A \ . vyt iy
Yy o s B T g e
., G, o, Pl .
e 1L A RO . o,
a B N _/,._ AN bl Dol SPT .
PR e Tog I N ol e B oy
. O L W s : .y, T ¥y
Cos : et TR S-Skl o L e B
. e} ) A
V48
o :u.»ﬂg A
e N
c PR
s R R e 3
. ! ’n’ 4
v R ¥
. - 5
. Co .
. e e & R 5 T W vt et T v nbn WL Vs — . b

v s " o - . . T A e R T U U TP U -

Aruitoxt provided by Eic:



N

. ” N - - - . . . « - e . . - 4,]:)
e e Do e . . . s et b

U, S. DEPARTMENT OF HEALTH, EDUCATION AND WELFARE
Office of Education
N This document has been reproduced exactly as received from the
"a ' person or organization originating it. Points of view or opinions
stated do not necessarily represent official Office of Education
position or palicy.

COMPUTERS & UNIVERSITIES

CONTRACT NO.
OE-5-16-022

R. W. GERARD

JANUARY 27, 1967

The research reported herein was performed pursuant to a
contract with the Office of Education, U. S. Department

of Health, Education, snd Welfare. Contractors undertaking
such projects under Governmert sponsorship are encouraged

to express freely their professional judgment in the conduct
of the project. Points of view or opinions stated do not,
therefore, necessarily represent official Office of Education
pcsition or policy.

UNIVERSITY OF CALIFORNIA, IRVINE

IRVINE, CALIFORNIA

S w

b P e

o .

Y s e R

TR Aen e s

By et

e o e
{pyamentans wim

BT
A

et

e PO

e e S L g e

P o

e < 2b =2
’im::x:}.:z;’a:h

I
i
|".‘




GOMPUTERS AND UNIVERSITIES

A Workshop Conference Presented by the
University of California, Irvine

with the cooperation-of the-

University of Michigan,

R. W. Gerard, Chairman
James G. Miller, Co-chairman

— November 8-12, 1965 ,

-

Newporter Inn, Newport: Beach, California




-

RIS T tr ]

N s G

-

L

Daniel G. Aldrich, Jr.
Richard C. Atkinson
William S. Ra~rker
Richard Barrutia
James F. Blakesley

R. Louis Bright
Sullivan G. Campbell
John Cogswell

Robert E. Corrigan

UCI

Stanford University

National Science Foundation

UcCI

Purdue University

Westinghouse Electric Corporation
Xerox Corporation

System Development Corporation
Litton Industries

5 -
::u;?' ,-.:. G v ) ) L

.

uil

.

|

PARTICIPANTS ;

i

Scott Adams National Library of Medicine :

-y

Glen J. Culler UCSB !
Paul M. Davies Whittaker Corporation ,
David C. Evans UCB

George J. TFeeney General Electric Company

Julian Feldman UCI

Alan D. Ferguson
John C. Fisher
Merrill M. Flood

Homer Given

Ralph E. Grubb
Robert M. Hayes
Charles .J. Hitch
Lee W. Huff

Francis A. J. Ianni
Keith E. Justice
James A. Kearns
Felix . Kopstein
Leo L. Kornfeld
Edward D. Lambe
Joseph C. R. Licklider
James G. March
James G. Miller
Harold E. Mitzel
Lloyd N. Morrisett
Joseph A. Murnin
Allen Newell
Lenonard M. . Rieser
Robert M. Saunders
Otto Schmitt

0)Jiver Selfridge
Harry F. Silberman
Patricia C. Simmons

The Ford Foundation
General Electric Corporation
University of Michigan

; Kenneth W. Foxd UCIL
Bernard J. Gelbaum UCIL
R. W. Gerard UCI

IBM Corporation

IBM Corporation

UCLA

uc

Advanced Research Projects Agency
Office of Education

UCIL

IBM-UCI

Educational Testing Scervice
Crasap, McCormick and Paget

State University of New York, Stonybrook
IBM Corporation

ut1

University of Michigan
Pennsylvania State University
Carnegie Corporation of New York
Office of Education

Carnegie Institute of Technology
Dartmouth CTnllege

UCI .

University of Minnesota
Massachusetts Institute of Technology
System Development Corporation
Orange County School System

John E. Smith UcCI
Richard C. Snyder UCIL
John A. Starkweather UCSF 3
Lawrence M. Stolurow University of Illinois i
Fréd M. Tonge UCI %
Robert D. Tschirgi uc ;

Kenneth R. Williams
John T. Wilson
Karl L. Zinn

Florida Atlantic University
National ‘Science-Foundation
University of Michigan

This conference has enjoyed the support of the Office of Education and the

cooperation of the University of Michigan, Mental Health Research Institute.




Monday, November 8

PROGRAM

7:00 p.m. I'Mmmer- and Opening -Session

Welcome: R. W. Gerard

Tuesday, November 9
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Speaker: Richard C. Atkinson

Chairman: R. W. Gerard
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7:00 p.m.
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Banjjuet
Speaker: Charles J. Hitch
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Monday, November 8, 1965
Dinner and Opening Session
7:00 p.m.
Welcome: R. W. Gerard
Daniel G. Aldrich, Jr.
James G. Miller
Fred M. Tonge
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GERARD: 1I'd like to open the more fcrmal part of the evening
first of all by saying how welcome you all are. We have had
mixed concerns in planning this conference since this was to

be a working group from which some serious outcome was expected
including a published volume. It was necessary to keep down
the number to an eyeball kind of size. With well over 400
names of people who would have easily qualified and been
interested in attending, this was quite a problem of selecticn.
We hoped originally to keep it to about 30. It got up to about

55 in spite of everything, some people coming only for part

of the time. There has been a rash of accidents, disappointments

in the last few days, so we may end up finally with about the
right number although it will still be considerably over 30.
In any event I think we are going to have a very fine and
effective exchangz of ideas.

T would like to first of all thank a few people who have
contributed to the planning and organization. Particularly
Mrs. Alice Duran, who has been in touch with y>u all, and has
done as I am sure you will agree, a superb job. I want to
officially thank Fred Tonge who has helped in the planning
from the start and given me much good advice, and Jim Miller,
who will have the chance to welcome you shortly. He,

representing The University of Michigan. .Mental. Health

Research Institutz has also been of great help in the initiation

and planning of this. Carol Miller, also from Michigan, who

is also going to be and has already bLeen to some extent, of help
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in running the show. She will be responsible for being
sure that you get a really good recording,. and hidden
behind the screen is Mr. Weber, who has a noble record in
first-rate recordings and transcriptions. We will have a
complete record of the entire proceedings and part of the
arrangments in having support from the Office of Education
was that the outcome of this workshop was to be made widely
available in the form of some publication. In due time you will
be given a chance to edit and supply details and add any references
and all those various things that make conferences less pleasant
than they otherwise would be. I also invite you all in due time
to add such materials as you wish. Several of the members have
contributed documents which can be incorporated into the final
outcome. We are very grateful to the Office of Education for
their support of this meeting.

The planning of this conference realily began two years ago
when the University of California at Irvine was hardly more thaﬁ
a gleam in the Chancellor's eye. The campus became much interested
in this area. It seemed at that time a iittle premature perhaps to
call a conference because the matter was way out on Cloud 9, but
finally we did decide that this was worthwhile. The Office of
Education lagged a bit in its decision and we're perhaps a year
later than we ought to be because in the meantime Cloud 9 has been
raining conferences on computers and education all over the

countryside. The purpose of this as originally conceived was

to catalyze the field in general, or maybe I should say fertilize
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it, by bringing together potential users, potential producers,

and potential supporters in the field of computers in universities
and particularly computers in the actual educational process itself.
At the time the plan was made, it was a very loosely planned
program with an opening presentation and then wide open free
wheeling in the discussion. Since so much has happened since
perhaps the excitement around the world and in this country is

now greater than originally anticipated, I hope we may tighten it
up a little bit beyond the original plan. I will tell the rest of
you now and the chairmen of the sessions who didn't get to the
meeting at which these things were planned some of the hopes. 1
hope each of the chairmen will, in introducing the session, say
just a few words to point up some of the subfacets of it that he
sees as particularly presenting problems or opportunities and some
of the ways in which tais may move forward. The main speaker will,
of course, present to the group his view of this field, the
opportunities in it, what's being done, where he hopes it will go.
Then I hope the chairman in each case will call for brief additional
suggestions as to areas that particularly need attention. By that
time we'll be at the coffee break and the chairman will then put
together some of these suggestions and make up his mind on what one
or two or five major threads he would like to encourage during the
discussion and try to keep you in order to the extent of dealing

with them one at a time and also keep the discussion from ranging so

widely that we get off from one day's topic onto another day's topic.

The chairmen have also agreed (and I hope those who weren't there
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will accede to this) to appoint a recorder for each session.
They will present a brief summary at the end of each session of
what the pair of them consider to be the most important outcomes
of that morning or afternoon's discussion, and it may prove
desirable and possible to try and get &liese prepared for
circulation during the following session. If not at least the
chairman can present in a very few words at the beginning of the
next session his picture of the outcome of the preceding one.

I will not introduce one whom nearly all of you know, the
Chancellor of the University of California at Irvine, Daniel Aldrich.
He is in a way a strange combination of manager, ®ach, and fullbaci

on the team. The ball gets carried, the plans get made, and we

are"élgying'ﬁifh;hhreeftimﬂﬂfthe’iﬁftiél}YﬁélibtﬁédLnuhberﬁéf1f-C.ut;ﬁ

students than we originally expected. The drive down the runway

a month ago to get up to 200 mile velocity was pretty strenuous,

but UCI is airborne and is delighted to welcome you here. It is
particularly appropriate for Dan Aldrich to give you this welcome,
not only as Chancellor, but because from the very start he saw the
possibilities, in fact the necessity, of tying in a modern university
with modern information technologies. The first thing he asked me

to do when I turned up was to look into programmed instruction and

this very soon developed into the kind of programs that we're

developing here at Irvine. Dr. Aldrich.

L e e -.--n.--m----f .
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ALDRICH: I'r delighted to not only greft and welcome you but
to thank Ralph Gerard for his introduction. I'm attending a
variety of conferences these days, never quite sure how I'm going
to be presented. In fact I'm reminded of a stofy of the two lionms
that fourd themselves in cages in a small town zoo. One was a
vicious young, vigorous lion, looking every bit the likes of a lion.
He'd stretch arnd he'd show his teeth and he'd roar and otherwise
act mean. The other lion was an old moth-eaten one, who sat in his
cage picking lice and contemplating old age. As they were fed the
people would come by and thrav the old moth-eaten lion a few pieces
of bloody meat and flip to the young one a handful of peanuts and
a banana. This got a little bit upsetting to the young lion
because he actually was the center of attraction, he knew by the way
he looked and acted, people constantly visited and looked at him,
but always he got the banana and a handful of p2anuts whereas
the old lion contemplating death or picking li:e got the bloody
piece of meat. He couldn't stand it much longer and he turned to
him and wanted to know -whyt this might be the case. Oh, he said, it's
rather simple. This is a small town, there's not a lot in the way
of resources available for a zoo. If you'll check the outside of .=
your cage you'll find you're booked as a monkey.

Now from time to time I get set up in one conference being
billed as one thing and on another occasion being bpilled as another,

and in the recent days I have been accused as blasting off a little

bit early. I don't know whether we've reached the critical velocity
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or not, but in any event I want to go back to a point in time

in stating that my welcome is not one of a figure of speech,

it is one of genuine interest in your presence for the simple
reason that having opportunity to commence with a fair amount

of resources both of manpower and facility to build a new
educational institution. I was greatly concerned that we take
advantage of the fact that we are unfettered by entrenched
notions or vested interest. We have not yet developed the
organizational point of view or the problems associated with it.
Hopefully we stay clear of crystalizing so soon in our life that we
have to fight the organization all the time. And certainly in
early conversations about the opportunity that lay before this
institution to be, Ralph Gerard has been most helpful, certainly
it has been stimulating for me, who has little background in the

business of technology of communication science at least insofar

fa

s it involves computers and all who are concerned with them.

And so as he pictured for me during a visit before I became
involved on the campus what our opportunities might be, I obviously
was highly enthused about what might take place not only as it
related to the use of the computer in research which certainly

I have been involved with, but also its use in adﬁinistrative
affairs, financial affairs, the whole business of record-keeping

as it relates to finances, business, student life or what have you,
the opportunity that is before us in the library, the great

difficulties that we have as we pull together book resources in

nine campuses of the university and note the rate of acquisition




is going to in due time make it very difficult for people to gain
access to what is being printed, whether we want to read it or nbt,
each dey. How to make that determination and glean from Qhat is
available that which will be helpful in instruction. Certainly
this whole business of utilizing the computer has a need iﬁ )
instruction and adjunct to the technologies already available,

and with discussions with the likes of Ralph Gerard and those who
subsequently joined us, Fred Tonge, James March, Julian Feldman,
and a variety of others. We are greatly concerned that people who
came to Irvine would take advantage of, even though they might

not know much about the use of, at least let there be an attitude
of being willing to try to learn about how this science and
technology might be employed upon a campus. Because if there were
assembled at Irvine those who didn't know, nor did they care to
know, we'd be no different from any established institution: that's
been struggling to shift gears for a long time. I think there

are among the faculiy at Irvine those who have certain knowledge
about and interest in the kinds of things that you people are here
to discuss, so when I say I greet you and welcome you warmly, it's
because it's my impression from discussions that Ralph has had with
me and outlining the nature of the conference that is to take place

here in the next few days that you are knowledgeable in various

dimensions of university life where computers are employed, and hopefully

as you exchange ideas those of us who are reaching out for ideas and
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information to be of assistance in building an institution can
profit by your ‘experience and by your mistakes and hopefully set
in motion new programs that will countinue the thrust of this
science and technology of which you are a part. My presence
here this evening is simply one of reflecting genuine interest
on the part of an administrator who knows little about, but

has heard a great deal about what is in store for us. If we ca:
be educated to appreciate what you're able to accomplish, then
hopefully we will produce the resources of manpower, facility
énd support that enable you to do your jobs. I know that

Fred Tonge has occasion to remind me periodically, and this is
his opportunity and his responsibility to point out how we

may shift gears at Irvine to take advantage of that which you
are prepared to talk about during this week. So it's a warm
welcome and a pleasant greeting that I extend to you now.
GERARD: 1It's interesting to follow the intellectual history

of things. I helped bring some of this excitement to Irvine.

I certainly picked it up at The University of Michigan from
which I came to Irvine. I have a couple of my mentors here in
the audience: Merrill Flood and Jim Miller. I'm particularly
pleased to ask Jim to say a word on behalf of the University of

Michigan Mental Health Research Institute, which is cooperating

in this.




MILLER: Speaking of communications, this equipment we have
here is very remarkable. The latest fact I've learned in the
field of information sciences is that it has just come back
from Viet Nam and is the equipment used by Mary Martin for her
performances for the G.I.s there. If any of you would like to
have me sing "Hello Doll+" I'll be glad to do that, but after
the session is over.

Thank you, Ralph, for reminding me of the fact that I
share with Merrill Floor the role of being your mentor. I don't
remember exactly what the definition is, but if it means
colleague, why this is correct. Actually, if Ralphijand I are
such old friends that we are doomed, I am sure that no matter
where he moves to we will continue to collaborate in one sense
or other until we drop over. I think frieadship is great. There
are some songs about it. I like particularly the quotation
"Thank God for your friends, without them you would be a perfect
stranger." I think Jimmy Durante was responsible for that.

I am tremendously impressed with the terrific rate at which
Irvine has grown from nothing. When I first met Dan Aldrich,
there was nobody here and nothing here but-smog. This is a
modern miracle. One définition of a university is a collection
of different departments having ascommon heating plant. You not
only have in common a heating plant, but you have in common,
raceways, going from one building to another where some form of

coaxial cables or wires or something else that makes inter-

communication possible. I think yours is the first university
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that has been built around the concept of an intercommunicating
raceway. Just how it will differ from the intercommunicating
heating plant, I don't think we know clearly yet, but perhaps
by the end of these sessions we'll be able to answer that.

On the way down, I learned about a new application of
computers to higherceducation I hadn't learned about before.
You know about the professor who talked about the use of
honor examination techniques. '"This is going to be an honor
examination and I want you to take alternate rows and sit
in every tnird seat." Well, actually now, we are going to
have honor examinations with the computer because the answers
are hidden in there and there isn't any way to get them out.
Licklider was the first person that made this point and I was
impressed with it. I don't think really that there's anyone
here who believes that there is anything that computers won't
ultimately do for higher education, but it3s just a question of
how soon it's going to be. I had not thought it would get
into the field € academic ethics as early as it apparently is.
I like telling computer stories, because I'm a psychiatrist

and there were so many years when all the stories were about

e
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psychiatrists. It's very nice to open Tie New Yorker these days

and see the cartoons about computers and their print-outs and so on.
I remember the old days when every week when the New Yorker

came out I was dﬂécended upon by my friends iﬂ'other disciplines.

This doesn't happen so much now. The only problem is that I'm

S beginning to be associated more with computers and less with
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to my own future. As I was flying over Las Vegas, I was k
: reminded of a plan that Merrill Flood and I worked out a few :

months ago, which I think still has promise. If you feel that E
4 you're not getting enough support from the legislature, or the :
i ;

—

regents for your activities, I suggest that you perhaps go into "
a little private investment in this area and use it for advancing t
7 the welfare of your university. It's quite apparent that there -
are opportunities being lost in the gambling field in Nevada

which can be helped by the computer. I belong to the group who

thinks the computer can do anything ultimately. This is a

field it hasn't gone into as far as it should. I suppose some

sort of change will have to be made in the coin box of the pay

telephone in order to make this possible, but you could dial up |

v trabna |} P oAb,

a central computer, and put in your dime or however much money
you want, and once a minute there would be a click. The computer
would calculate all the mecney that had come in during that’last

60-second period, and then on some random number basis approved by

the state gambling board, it could issue signals to the appropriate
coinboxes all over the state. You might get the jackpot. I '

think there's a great deal to be said for this technique because

you can gamble at home. I do think those people who gamble at
home will be a little disillusioned after a period of time when
they begir. Lo realize that what they're getting out of the jackpot

is what they're putting in, nothing more or less. But the main

%a' complication which people have brought up against this idea, is the
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problem about do;pg it across state boundaries, for example
into California. I contend that there is no problem on this.
You simply put bandpass filters about one foot over the
California border which prevent the signal which is being

sent over the lines, which trips the jackpot, and under those
circumstances there's no problem really. Good learning theory
will tell you that it'll only be a few weeks that even.the'most
determined gambler will continue to put money into his coin
phone in California or New York or wherever he happens to call
from even if he doesn't ever get any form of reward. I think
if you could buy in on this system perhaps using Fred Tonge's
on-line computer at nights or some other times when it's not
used for cther things, you may well be able to get anything you
want for your university.

One further comment I'd iike to make. There have been new
developmeants in teaching machines. I don't know whether you all
know about the latest éxperience of Skinner, the discoverer or
inventor of the teaching machine. He's been working recently
with pigeons again. He has a real skill with those animals and
he had been using this skill for some time working very hard on
teaching this one particular pigeon to respond in 16 different
languages. He finally succeeded in doing that and was so pleased
that he sent it to his mother. He heara nothing for some time and
so he called her up one night and said, "Did you get the pigeon?"

She said, "Oh yes, thank you so much for sending him to me."

"y

SN

Theni there was silence and he said, '"Well, wha. did you think of
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the pigeon?" "Oh," she said, "he was d=2licious!" He said, "Mother,
- don't tell me you ate the pigeon. Do you realize I trained him
to respond in 16 different languages?" She was silent for a

4 minute, and then she said, "Why didn't he say something?"

.

4 I believe very sincerely that there are gcing to be

. e y T owwen

developments of extraordinaﬁy importance in this field for

1%
"

¢ higher education, thet we are on the threshold of seeing what

these applications are, that Ralph Gerard's comments that t.ings

Y es s gty

are moving even faster than we expected, are accurate. We have N
together here a group of experts in the field who are going to
talk about some problems that I'm sure have not been thrashed
through adequately yet and I think we have an excellent
opportunity to profit fgm it—not only the University of
California at Irvine, or the University of Michigan but all the

: . universities that are tied together. All of them are going to

have to give serious thought to the applications of computer

technology, not only to science, as they are already doing, but

. also to all aspects of the educational process. I think that 5 or ?
10 years from now it will be clear that Irvine, in taking the

lead in this area, has contributed to very important developments

in higher education.

‘ We're at the beginning, and as it said in that very fine

issue of the newspaper about the session which opened your
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university this fall: the beginning is the most important

part of the work. We're going to be among those who have

SR

had the first opportunity of this sort to devote our intensive

f thought to the most significant possible applications in this
field.

GERARD: Thank you. As you compared the psychiatric and

computer stories, I immediately thought of a psychiatric story.
You remember the psychiatrist who had one of these sectional
couches on which he treated patients with split personalities.
Well, it turns out we have had that kind of a situation because

? long before we got into our permanent quarters, we were still

? sitting in each other's laps in an overstuffed temporary building.

We had a computer functioning in a trailer which kind of split

it apart, but really kept it together. This was made possible

SRARE ke G avasiode

by the organizational and technical and human efforts of
Fred Tonge on the one hand, and with the excellent collaboration

and joint support of each other with the IBM people, particularly

e eeas b A DX ki

Homer Gibbon and later Jim Kearns so that I doubt if any

institution has ever before been born with a computer practically

SRR

in its mouth like a silver spoon. In any event, this ambience and
interest from the top down has already had a tremendous impact
on the rest of the staff. The men who have come here, mostly not

particularly interested in these matters have become vigorously

j Q’ interested in them. Ken Ford has been responsible for an exciting
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conference on teaching physics with computers, that has just
closed. There will be an extension session at the end of our
meeting which all of you are welcome to attend 'if you are still
alive and interested. Many of the other faculty have taken
excited interest in developing programs of one kind ©T another.
Our engineering school has a vigorous interest in computer
hardware. You will meet these men during the course of the
week. Bob Saunders will be chairing one meeting, Ken another,
and several others. But the reason I go into this is simply
because at this stage I want to introduce to you Fred Tonge,
who in contradistinction to myself, who has been merely
chairing this meeting, and the two previous speakers, who have
in effect been welcoming you and whetting your appetite,
Fred will tell you in a little more detail about where UCI is
in its trajectory and, I hope, point out some of the problems
that he sees which should be discussed in the course of the next
few days.
TONGE: Thank you. As one of those who has been snatching at
peanuts thrown in the air and wondering where the meat was,
I'm glad to speak to you.

It's very difficult to stand up and talk to anybody after
they've been exposed to Ralph Gerard, Dan Aldrich, Jim Miller

in succession. I can't tell jokes well to begin with, and I

can't convey, perhaps, the ideas as well as they can. Also, I see

a number of friends here for whom it's almost midnight and so we'll

try not to drag on after 1:00 for those of you who flew in today,

because I've been on the other end of that one, too.
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I'd like to say a few words about what we'vre doing here
to sort of put in perspective what it is that we hope to
accomplish at Irvine, where we've got so far, and what some
of the problems are. Also I'd like to raise a few questions.
I think we're all here to try to learn something from other
people who know a lot about things that we don't understand,
but are very closely related to what we're trying <o do, and
to try to show to them what it is tbat's very important about
what we're doing that they don't seem to understand. It's
really a very difficult problem, and so from that basis I can
pose a list of questions, some of which the obvious answer is,
"well you know, that's been solved, and if you read the
literature you'd know that. Why don't you stay up-fo-da%e on
your field." And for oth2rs the answer must be, "well, we've
got to learn somethi..g about that, we've got to get some date."

First, what is it we're doing here at UCI? We have a joint
research agreement with the IBM Corporation under which we are
exploring a number of the matters which will be the subject of
our discussion the next few days. Under this joint research
agreement, we have on campus a 1410 computer, with 100,000
characters of storage. It is direct coupled to a smaller 1440
computer which serves as a communication processer, and we have
18 terminal devices that are scattered around campus that are
tied to this, and the computer has a large number of disc units
tied to it. It has some tape units, storage, and some printers

and card readers, etc. Operating on this system is the IBM

Computer Assisted Instruction monitor system which many of you
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I'm sure are familiar with, and which you'll become more familiar
with as the meeting progresses. We have tried to add to this system
a number of other capabilities operating under the same monitor
so that from any terminal the student may use course material

as it is being developed and may do a number of other things for
faculty or ¢«+*2ff. Administrative people may also use the
terminals and use the system. Probably before I talk a 1little abcut
what some of these other things are I should point out that as I
see it, at leas:, we've had two sorts of goals which we’ve kept

to and which have shaped what we've done. One, we have made a
very définite separation between the computer facility and
academic programs in computer science. The computer facility

is not the child of computer science or information scienca

and vice versa. The hope of doing this, of course, was to try

to guarantee that we would have some responsive computer center
there that would serve people. Not just those people who want to
play with computers, but those people who wanted to use them

in instruction, wanted to use them in administrative work, etc.
The other approach that we've taken, and so far it's in terms

of talking and planning, and not in terms_of action, because it's
never been tested. We have thought of a central computer facility
with possibly a number of satellites tied to the central process,
direct coupled, or at least tied to the central processer by
communication lines, with terminals both off the satellites and
off the central computer, but not a bunch of different computer

facilities around campus doing separate things. One of the questions
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I hope that we will get around to is whether in fact this is a

feasible approach in terms of today's technology and tomorrow's

technology.

-

Well, what are we doing with computer system that IBM has
provided? There have been three goals spelled out in the joint
research agreement. One is, Computer-Assisted Instruction. -
Perhaps we should say this was suggested at the nhysics conference
last week. Computer assisted learning. Anotner is use of the
computer in administrative applications and systzms in the university.
The third is, use of the computer in the library. UCI and IBM jcintly
have felt that computer-assisted insturction or computer-assisted
learning doesn't mean simply typing out questions to which students
respond and then giving cues, and different hints, etc., but
includes the computational use of the computer when appropriate
as a part of instruction. One of the "first things we have done
is to put a computational language, the JOSS language developed
at the RAND Corporation, on our s'stem. Like everyone in the
computer business, I'm using the future perfect because it
isn't quite working yet, but we talk as if it were done lasrt
year. Parts of JOSS are working, and other parts will be working.
We chose this language for a number reasons. One, because we
were unable to work closely with RAND in getting details of it
and agother is because it looks like a very good language for
instructional uses, although it is not the answer for the
research computer.

In addition to JOSS we have active work in a number of areas,
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particularly in social science on development of course material,
and also development of course material in the freshman
programming course. We have, I think, 250 freshmen this

quarter taking an introductory course in programming and will
have more next quarter, so that we hope that in general from
the beginning our students in the social, behavioral, physical,
and biological sciences and -in éngineering will be able to use
the computer as a tool. In addition to this, we are beginning
work in these other areas: administration, data processing,
library. 1In particular, we're emphasizing two initial areas

in administrative data processing. One is enrollment. The
notion is that from terminals scattered around campus, students
will be able to pre-enroll during a predefined period of some

length, say three or four weeks, toward the end of a quarter,

and we will then be ready to proceed into class. This has a number

of advantages one can see, that if you learn before you get there
what students want to take, you don't have half-empty sections

at the last minute. We have no foreign language requirement,

no freshman English requirement, you name it, we don't have it!
It's very important to try to get this kind of feedback early

in the game. Now again, this is a goal. In our first enrollment
we tested some parts of the system.in parallel with manual
enrollment. The intention, and the way things are working, we

will, in fact, do enrollment for the winter quarter on a pre-
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enrollment basis during the end of the fall quarter, but it will

not be in terminals all over campus. It will be controlled, and
I think it will be done that way for a while, because as those of §
you who have undertaken administrative applications know, the

problems of handling input that is not formated, not by trained

TRTY 2t ™ IEK

secretaries is pretty horrible. I think this is a problem one

el I

has to beat. It shows up in €omputer-Assisted Instruction.

Someone jiggles the capital up-shift/down-shift too many times,

or he uses a slightly different word, or a plural or something, and
all your beautifully conceived pedagogical plan for giving him
hints goes right dov... .2 drain. But at least in enrollment,
starting with that as a base, which requires the building of
student files, the building of course schedules and all, we see

a first application which will be a good place to broaden out.
Similarly, we have, at about the same state, a system whereby
departmental budget is kept for access from any terminal. When

I say from access from any terminal, obviously you can't have it ]
for access from any terminal. Again deliberaéeiy we raise some
questions of protection which we want to solvé early, but the notion
here is that the departmental secretary will be able to keep

this up-to-date on a fairly regular basis, she and others in

the department will be able to inquire as to the finamncial

status. We'll be a lot better off than we are depending on the
traditional systems which require duplicate bookkeeping and have

a long time lag in them.

Similarly, we are beginning to work with the library in
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development of the acquisitions system. The University of
California has instituted two operations. The Institute for
Library Research at UCLA is studying problems in the library,
and a task force, which is attached to the Institute, but is

not research-oriented as such, is trying to bridge that
development gap. They go around and help the campuses in
applying technology to their operations. As would seem reason-
able, the various campuses divide up the job. Someone will
worry about developing a cataloguing gystem, and someone else
will worry about serials, and Irvine has agreed to look into the
problem of developing a system for acquisitions, which will be
remote—-terminal based. 'We'rg pushing this, I think, at some
expense to ourselves in terms of manpower, but I think we're
learning a lot in in§isting that everything that we do like

this fit under the same monitor system, which was really not
designed for this kind of thing, be available "from..all_terminals,
with control, and really trying to see if this notion of a
central computer facility can work.

Well, I'm not really sure that it's appropriate at this time
to go into a list of problems that I see. I raised one a moment
ago with Oliver Selfridge which was on my list, and maybe he'll
get a chance to answer it to the group in one of the sessions.
That was "What are we supposédto have learned from Project MAC?"
I don't ask this to put him on the defensive, but one of the
problems in using computers has been we all have slightly

different computers and slightly different monitor systems, anrd

slightly different programming systems, and so on down the line.

FOPTERRY U
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You can say, we learned you can do that on a computer. Okay,
what did we learn after that? Is what I know that now we can
hire a programmer and he starts all over and does it again? I
think we have some very real problems here.

GERARD: Thank you, Fred. I can't resist repeating something
that I said the other night to the physics group because I

feel so strongly about it. This is sort of ome's emotional

mood towards the whole thing. This is mostly future perfect,
and present imperfect and not really coming &® grips with day-
to-day problems. I am sure that I am not as cautious in my
expectatians as I would be were I in direct daily contact with
them. But it is nonetheless true that the following has been
my experience in the last two years since I began to seriously
go into this field. Two years ago plus a fev months, I made

a point of inquiring about some various aspects of this. Here's
what we want to do at Irvine...the miltiplex machine and

the multiple functions and terminals online and parallel
processing and the simple communication language and a large
fast memory and quick turn around time and all the rest of

these things. And they said, "Oh, yes, yes, these things are
all technically possible, but it's going to be fully ten years
before they are realizable." Well, I continued to push ahead,
nonetheless, and worry about it, and the yea;'after that I took
another sounding of some-of the same men and some different ones,
said, "yes, yes, this is fine, this is really what's going to
come, but it's three years off." Then, not half a year or so ago

at the meeting of the IIIE, in Los Angeles, I heard one after
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another of the papers indicating how this was now being done,
and that was being done. Firally a man from the telephone
compary who was unfortunately unable to be here at the last
moment, got up and said, "now we have all these various things and
they're available on the market and I see no roaring demand
for them. I was the next speaker, and I jumped up and said,
"here's your roaring demand in education. Let's just have
thcin delivered." A few months later this is now old hat and
everybody around the world is. taking it for granted that these
things are here or will be here in the near future. I think,
as far as I can judge it, there has been the same kind of
unrealistic conservatism as there is in the projection of

students in the University of California. It always moves much

faster than expected.
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SESSION I

9:00 a.m.

CAI - LEARNING ASPECTS

Speaker: Richard C. Atkinson

Chairman: R. W. Gerard
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I‘ GERARD: The chairman will normally make a2 very brief opening statement.

We will then have the main exposition of the area. There will then
be an opportunity for those of you around the table to indicate very

briefly points that you particularly want to have in the discussion

R L N

during the rest of the session. We will discuss them at that time.
! I will take notes and so will the recorder, who is Karl Zinn this

morning. During the coffee break we will plan to pick out a few

SN e

of the very interesting, it may be in order to indicate the order

in which suggestions are made and the ones you particularly dis-

<
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cussed. Then during the remaining session the chairman will

attempt to keep the discussion organized at least to the degree

o Se dsgn s 4 aD cose s Y

of getting those threads in order as much as possible. I remind you

i

TR
Y

of the topics of the various sessions, so try not to let yourself

Setvepa e

be led off the discussion into an area that clearly belongs in some
later session. If it is something that belongs in an earlier session
and didn't get covered then, of course, that is all right. We do

need to have complete recordings, and publication is expected by

g —
A ey

the Office of Education, whicﬁ accounts for the very fancy boom-

type microphones. It will help very much if you will mention your |

VST R R

name before you speak, not so much for our information, but for the

transcriber who will not see your faces and who will take some time

to learn your voices. I remini you again that the Thursday Session

N NS TG SRS

will close a few minutes early in the morning and we are expecting

R

1 asglinpgras .

you all to come over to the campus, have lunch in our commons, visit
the computer facility and pick out some programmed instruction, if

i’ you are interested. Thursday evening there will be dinner and a talk.

B eh (P es 1 gl teyte

peery e e o i e P e S i
- et vty o N STee ev WL s ety PRGN e w e W om T Yy e




P SN
e TN

LTI R W P L
TINNN

R 4

e ca e eV e 13 Tpen
F¥ Qerie e T X e

prer

g

L samerme et ey ~avn
A ML

R R A MR

A R

s

k3

Pyt

wamanei g sy mwere G da s € RShs et o o

-

R

PR IO

T ki

oA s
ki At

T R sy

e TR oon i V]

oo

R 11

There are no formal plans for the lunches today and tomorrow or for
the evening today and tomorrow. Several of the local people will
be happy to entertain you, or you may prefer to do something on
your own at that time. Any of you who feel at loose ends, let me
or someone else know. Are there aﬂ& other important matters bother-
ing you before we move on? If not, let me do my job of introducing
the subject. Since it is the formal opening of the whole Conference
I'll make a somewhat more general statement.

In my opinion, probably the most important outcome of the
impact of computers on universities will be to add the dimension
of science to the existing dimension of art in the field of education.
Of all the areas of applied behavori—:. science, education is certainly
the vastest. As far as I know, it is one of the last of the important
areas to take advantage of the growing understanding of computer
technology which is being presented to us. It is a little bit like
medicine half a century to a century ago. Medical practice grew from
tﬁe almost completely empirical to the present state, which is very
heavily but by no means entirely scientific and social science and
engineering skills which have been blended into the medical background.
We have had so much taxonomy in our experiences in higher education
because of dichotomy of teaching and research, which at the graduate
level creates the major problem of the distribution of professor's
efforts. Even in Washington granting agencies there is an enormous
difficulty in finding just the kind of support one wants unless the
proposal is very clearly an educational matter or very clearly a
research matter. What I’hOpe is going to emerge very rapidly is
gomething that is not education or research but is research in educa-

tion. Thic is certainly an important outlet for men who have a
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commitment to the teaching function’ and through universities at
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present are given a rather short trip because they are very nearly
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a skilled teacher. I think research in teaching, the ability to

/

fuse the teaching and learning viewpoints through meaningful
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experimentation to think of teaching and learning not as entirely

separate aspects but as a unified prcblem, is the important outcome.

4

This conference is concerned wikh the total university system:
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all the ways in which newer technologies and insights can improve

a university as a total institutional system. The first three
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sessions, today's exclusively and tomorrow's partially, focus on
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the salient aspect of this situation, which in our judgment is the
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use of computers in the instructional or learning process itself.
This morning's session deals with the learner primarily. It may
not be clear from the titles, but we are hoping that the actual

i hardware problem of programming languages, this sort of aspect,

will be centered more in the afternoon session. This morning we

will be concerned primarily with the learner. I would like to

g throw out a few areas in which I am preoccupied and in which I

% hope discussion will flow. I suspect that they are all in Dick
; Atkinson's cutline.

% First of all, what kinds of subject matter material are most
; appropriate for using computer assisted learning, or c;mputerized

ey

R RIS

instructions? In what manner can they be used to substitute for a

lecture function or discussion leader in the laboratory, for whole

S,

courses, for chunks of cour.es, or as separate problems that can be

e g
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filled in afterwards? As an e¢xaminer, following the learning process

Q‘. and independently concerned with the certification of mastery, or
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perhaps without any further examination?

Then the third area, I indicate kinds of material, manner of use,
as the problems of program design, which I am sure you will hear
about somewhc>e. What balance between passive and active participa-
tion on the part of the student should there be? To what extent
dces he just answer questions? To what extent should he be able to
take the initiative and ask them? What kinds of questions should he
be able to ask? When can he ask for help or for interaction?

The problem of the use of appropriate patterns in the network,
looped branches, length of step, these are ail familiar problems,

I can't imagine they will be discussed. But how can the computer

learn to improve its interaction in terms of the record it builds up
with student performance as they go? What can we do with the informa-
tion that it develops regarding students? How much of the great amount
of acgumulated information should be fed back to the student, to the
immediate instructor, to the couaselor, to the people who have to
rebuild the course, to the programmer?

All these questions are obvious. Then a more préctical question
shouiﬁ come out more in the materials and in the discussion: What
are the materials that are really available in this area? What actual
outcomes are there that can be documented and validated in speed of
learning, in retention, in kind of learning that ha- been possible?
What skills can one teach, and so on?

And along with that, what are the dangers of computer-aided
instruction? Many people see only the dangers and are practically

unable to go beyond this dehumanizing influence. And then, if there

is time, I would like, not as ar. immediate but as an extremely
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important topic, to discuss the economics of the whole matter.

Now I will ask Dick Atkinson to tell us what, from his vastly
greater experience, he feels in this area. ATKINSON: Thank you.
I am not sure I can add a great deal to that long list, but let
me try. First of all, let me say that my remarks are going to be
quite informal and I hope you will feel free to break in at any
time with questions and comments. If we do end up with a formal
document of this conference, I am sure my behavior will be typical
of my behavior in the past. When it comes to editing, I write a

set of notes that are completely different from what I said at the

conference. I am not going to go into a great deal of detail but
I feel that I have the details to back up my statements and when
you are intezested in a detail, please ask for it during my talk
or during the discussion period. I think everyone here is familiar

with the concept of computer-assisted instruction (CAI). I feel no

ST |-m s Ly, werms
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requirement to provide a general introduction in the field. What

I am going to do is give you some overviews of the field from my
viewpoint, from the viewpoint of an experimental psychologist,
primarily interested in the process. Last night and again this
morning, Dean-Gerard suggested that possitly the term "computer-
assisted instruction" was not the best one and "computer-assisted
learning" might be a more appropriate term. Since I come from a
background of learning theory and learning application, this
immediately appealed to me; but coming from Stanford, I am always
a little cautious about remarks that are made by University of

California professors. So after giving it some more thought, I
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’ decided that "computer~assisted learningf', abbreviated CAL, would
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really give the University of Califorrnia a little too big an edge
in this book. So I am going to stick to the term CAI.

I hesitate to begin by listing features in ccmputer-based
instruction, but I am going to because I think I have a few remarks
that are slightly different from the typical list of advantages.

One of the advantages that is always listed for computer-based
instruction is the possibility for individ:2lized instruction. I

think everyone is coming to the view that develonments in society

make it increasiﬁgly more important to individualize the instructional-
process, and that the only really serious hope for individualization
comes within the fiamework of a computer-assisted system.

Why are we interested in individualizing the instructional process?
Primarily because we view this as an optimal way of carrying out irnstruc-
tion, certainly for a good part of school. learning, using the term in a
technical sense. For a good part of school learning it seems reasonable,
and there is evidenre to suggest, that individualized instruction is the
appropriate direction in which to go. Of course, this implies that we
believe that this is the cptimal way of carrying out instruction. I

ike to distinguish between two concepts of optimality in this frame-
work. Later I will be talking about what I refer to as the theory of
instruction, and I think this distinction is worthwhile. Ona is what
I call shert-term optimization and the other is what I call long-term
cptimization. I think every program that has been written, except
possibly programs that were developed by scemnarians, have used the
notion of short-term optimization. \§y that, I simply mean that the
program takes advantage of very current information and then tries to

branch or modify the instruction routine as a function of that short-term
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information. For example, the program analyzes the type of response.
the subject makes and if it is an error response, analyzes the nature

of the error and tries to give remedial instruction which is appro-
priate for that type of error. This is to be contrasted with long-
term optimization where one utilizes the entire history on a given
individual in terms of making decisions about what should be done

next. Here I like to introduce the term "sufficient history'". It's
very queer that no theory of instruction is ever going to use all of
t.ie information that we have on a subject in terms of makinz decisions
from one moment to the next. Even in terms of these long-term optimiza-
tion schemes only a sample or part of the history is going to be useful.
Of course a part of the history that we use in making these long-term
optimization schemes will depend on our theory of instruction. I use
the term "sufficient history" in the same sense that the statisticians
use the term "sufficient statistics". That component of the history on
a given individual allows us, within the framework of the analogy of
the statistical model that we are working with, to make -an 6ptimalcdec¢ision.
I think one of the problems in any computer-based system is to make use
of the potential for long-term optimization to come to some understand-
ing of how one uses this history to define a sufficient history and
then to optimize from moment to moment. I think a number of peonle
aggue tlat computer-based instruction is really nothing more than a
tutorial system, that we are providing nothing more than a simulation
of the instructor on a'cue-to-one basis with the subject. Here, I would
like to point out that I think this is not quite the case. I doubt if

any instructor, no matter how knowledgeable, how careful his records

might be, could really teach currently the amount of knowledge necessary
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hopefully to make optimal decisions. It is like the old discussion
in psychology about whether clinical or statistical predictions are
most effective in terms of clinical classification. I argue here
that in terms of these long-term optimizations the computer really
provides us with advantages that even skilled instructors in a
tutorial situation do not have.

Another general feature of computer-based instruction that
Ralph Gerard mentioned is the development of curriculums of materials.
He used the term, and I think appropriately, moving this development
from the area of art into the area of science. We have continuous
feedback on materials, we are continually evaluating these materials.
We have a way by which we can make changes and then get a fairly
detailed evaluation of the nature of these changes. Again with
regard to this topic I would like to use the term "total curriculum".
I will define that term more precisely a little later, but the
notion of the total curriculum in the framework of the computer-
based system as opposed to a typical curriculum is that in the
typical curriculum one prepares a textbook and a manual for the
teacher and that's about the extent of it. There may be some
special classes for the teacher which apply to that curriculum.

In contrast, in the computcr-based environment one specifies the
curriculum in complete detail to the point of every potential audio
message that can be used, every potential branch that is possible,
every potential response the subject can make and so forth. In
addition, one has to spell out how this total curriculum or how

this computer-assisted sequence of instruction is fit into the

day-to-day curriculum, independent of the computer laboratory.
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I hope to give some examples of that in terms of our development.
Finally, the third general feature I want to mention is with

regard to behavioral research. The physical sort of experiment

that is carried_on in learning usually involves a group of subjects

being run for an hour, or, at the most, two hours. The reason for

the short period of time for the learning of skills is the necessity

of carrying out the experiment under highly controlled conditions.

The theory that the experimenter is working with generally requirés

that he obtain detailed protocols of the subject behavior in the

situation, a second-by-second accounting of what the subject is

doing. In contrast with the extreme, you have yocur typical educational

experiment. The sorts of experiments that were recently carried out

on the initial teaching alphabet are a good example. We will introduce

one, two, or possibly three different methods of instruction or types

of curriculum materials. These are used for a year or so and then at

the end of the year you give a one hour test. On the basis of that

one hour test and casual observations you make an evaluatio.. of the

materials. In both areas one is usually relying on a sample of

about one hour of detailed data. The advantage of the computer-based

environment is that we are now going to be able‘to carry out experimenta-

tion on the instructional process under more precise experimental control

than we have ever been able to in the typical learning laboratory.

Further, we are going tu be able to carry out this experimentation

on a long-term basis, that is, we are going to have individual records

for at least 100 subjects for at least 9 months, possibly longer in

the Stanford development. And finally, we are going to have a complete
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and precise recording of information from moment to moment. One of
the problems is that we are going to have to collect too much informa-
tion and the question is how to sift through this information and ask
meaningful questioas.

All t’ ree of these features form a base of what I like to call
a theory of instruction. By that, I mean a theory which tells us
something about how we seek to sequence materials, how we sequence

from concept to concept, and it should do it in several ways. It

IS
L4

should give us some gross views of developments in sequencing pro-

-

blems and it should also give us some very precise mathematically
exact methods for sequencing. I will try to talk about these some-

what later.

L ke aas e i sk b

Let me say that I think developments over the last ten years in

i curriculum reform in programmed instruction, in mathematical learning

B theory and information processing models make it feasible at *his

same time to offer at least the beginnings of what I would like to

call a theory of instruction that is really going to assist the person
who is involved in curriculum planning and will yet have clear implica-
tions for the person primarily interested just in research in the area.

We would like to distinguish between two levels of CAI systems. One

is what we call our Drill and Practice system, two is what we call

our Tutorial system, and three is what I refer to as our Dialogue system.
Let me give you an example of our Drill and Practice system. This

is at the lower grade levels but I doubt that the example is so terribly

different from what might be done at the college level. We now have a

group of teletypes in schoois located around stanford University. These
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are tied to our computer by telephone lines and we carry out daily
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instructions in drill in mathematics and drill in language arts.
At this point we are trying primarily spelling for the 4th, 5th,
and 6th grades. It is in no so-ce a total curriculum. It is
strictly a drill and prac.ice system in the sense the teacher
carrys on her standard instruction. Whatever she would be normally
doing in her classroom, she continues to do. However, once a day
for 10 minutes each students comes on the line. Currently,
different schools are f-—-olved in different programs but, for
example, in spelling the student would type his name on his
console and that would pull up a program at Stanford labeling him
according to his performance on these spelling dr’lls over the
previous set of days. Then it would specify a iist that he was

to work on that particular day, then over the audio would come

a set of instructions, and then, depending on the particular pro-
gram, for example, "Spell the word "cat"," and the student would
start to type out the word "cat". If it was correct he would be
told, "Yes, that is correct and you can move on." If it was in-
correct, appropriate branching would occur. He would continue on
through the course of 10 minutes working on that particular material.
We are running about 60 students a day now. At the end of the day
all students are run through, the teacher gets a printout regard-
ing each student's performance, the performance of the class as

a whole, and the particular difficulties that the class as a whole
has with the material. Then the teacher can use this information
if she wants to modify her teaching instruction during the normal

course of the day.
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Wb, do I call these Drill and Practice systems? They are certainly %

: 7
‘. not an integral part of the regular curriculum, rather they are peripheral L]

b

to the outgoing activity of the tecacher; but they do give the teacher a

R

~

; certain relief in the sense tha- she no longer is responsible for these

practice and drill activities. There is not a great deal of data back-
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ing us up, but in our experience students enjoy very much interactions
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with this type of terminal unit. We have now had some children working

for 3 and 4 months on the mathematics routine. They are all very pleased 3

o e s

K with it and their level of performance is moving up at a rapid rate. %
? That sounds like a rather unfounded statement but maybe I can document §
? that later on. %
i The major point I wish to make about the Dril. and Practice system 5
g is that it is really a supplement to the standard curriculum. If it 5
é breaks down or if it is removed for 3 months or what have you, it E
; probably would not really affect the level of instruction a great deal. é
; The second type of system is what we call a Tutorial system. This é
é is the sort of system that will be carried on for instruction in initial ;

o

4 reading and initial mathematics next year. I'll be talking about that

e

in a moment. The point of the Tutorial system is that in this system

N )

one really expects to carry on all of the instruction in a given area

¥
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in the framework of the computer-assisted system. Of course, one is
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going to have to introduce the teacher to the special problems of this

-y e ven

system. The teachers are going to have to be familiar with the material ’

that is being presented over the Tutorial system and they're going to
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have to understand the scrts of supplementary activities that they can
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engage in. But when I talk about the Tutorial system, for example, in
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the area of initial reading, I assume that a student could, in fact,
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learn to read by only attending to orife of these based terminals.
The other activity may be valuable, it may be enriching, but I
view the Tutorial system as essentially self-contained, at least
in some minimal sense.

The third sort of system that we like to talk about is the
Dialogue system. We have made no progress on this and are really
not even thinking very seriously about the problem, but I think
there is some potential in this area. This is a system that would
really provide for rich interaction betwreen the students and the
terminal, much richer than in the Tutorial system. When I des-
cribe our Tutorial system you will see that our interaction is
limited to a light pen that permits the subject to probe the
surface of a CR key and also to a typewriter input. Again there
are constraints on this page of the input of the typewriter.
Hopefully,in a Dialogue system,the students would begin to ask
some very sophisticated questions and the computer would not
simply produce prestored answers to these potential questions but
would actually reaspona to the particular details of that question
and provide an answer that seems appropriate. This may seem a

little farfetched but I think it is possible.

I was particularly struck a year or so ago by interacting with

Colby's program for psychotherapy. Professor Kenneth Colby of
Stanford has developed a program which in some sense is viewed

as stimulating the psychotheraputic situaticn. The subject speaks
into the computer via a typewriter. Colby's program then makes an
analysis to these inputs and actually responds, and the method of

response at this point in time is very simple. The point is that
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: one feels in this situation that there is quite a rich interaction

f ‘H’ between the computer and the student. Hopefully in time, we are

t
YOS

going to be developing CAI systems that do have this capability
for a true dialogue between the student and the terminal.

Of course, related to this topic is the whole problem of a

speech analyzer. It would be very nice indeed if one could permit “
the subject to use spoken language and have the computer respond to
the spoken language. It seems like a terribly difficult problem.

Let me say that I have some encouragement along these lines, I have
been working casually with a professor of music at Stanford. He and :
another person, have developed a device for analyzing tone input and

evaluating the picture of the one inputs. He is planning to use such 3

an input device for instruction in music. Of course, if such a

terminal device is perfected, then one could tie it to a computer :

-

and carry out some of this instruction in the computer-based environ-

ment.
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Given those three catagories, let me describe the Stanford process.

ek

é We have been under way for at least two or three years now. We have

3 been carrying on this Drill activity, hopefully on a day-to-day basis.

:

j But the system, as you might guess, is not available every day. .

o a

We have hail about a year of experience now in carrying on instruction

in first grade mathematics on a semi-routine basis. We have also
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been carrying on a certain amount of simulation work on initial

reading, that is, we programmed up the various parts of the initial

i

reading program and have those on-line in the computer setup, and we

are carrying on limited tests of our particular program. We also

;’ “l' are carrying on experimental programs in the area of optimization models. {
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This is more than the framework of straight experimental psychology:

-

P

o we are testing various models of learning in terms of the implica-
tions these models have for optimal schemes of presenting material. @

And that is our current effort with the current system.

Sometime this year we are going to receive delivery on a second
system that is being developed by IEM, which is going to be controlled p

by an 1800 computer. We are currently constructing a building on one

of the school sites in Palo Alto, in an area called Ravenwood. Next lf

¢ BEEE U MG e & i

fall we will have 16 terminals in operation and will be carrying on
all of the instruction in first grade mathematics and in first grade b
initial reading for this particular school. There will be 5 classes é

in the first grade with roughly about 30 students in each class. It

s s A

e

is an interesting population. It is about 827 Negro, there is about
a 12-14% turnover per year in this group, rather a low turnover.
This year we are collecting a lot of information on these students,
who are now in the Kindergarten, which we will add to what I call
the "Sufficient History'" and hope to use in terms of long-term

optimization schedules. One piece of information that you may find

TSR A
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useful is that the average IQ in this group is %4. Our plan for

instruction is roughly as follows:

Some students will have computer-assisted instruction both in

1

reading and mathematics and others will have only mathematics or

e e
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reading. Our plan for the students who will have both reading and

mathematics is that they will come on for half an hour in the morning
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for reading and half an hour in the afternoon for mathematics.
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Students who are taking just mathematics or just reading will receive

Sl

only half an hour in the appropriate area and their instruction in
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; the other area will be in the classroom under typical conditioms.

S Y

We would have preferred to have run all classes under both reading

s

and mathematics, but with 16 terminals and a six hour school day

! it just was not feasible. Our initial thought a year ago was

that we would stretch out “ne school day to about eight hours so
we could increase the numbers, but given the amount of down-time
we have experienced during the course of this year, we decided
to become somewhat more conservative. If the system is up six

hours a day on the average of four days a week, we are going to

Ay 7 (R B8 I
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; be happy.

I think it is wortinwhile commenting on a few details of the
curriculum in reading because I think it will give you a feeliung

for some uf the problems. We have developed a two-year curriculum

N el 0 ke

in initial reading. The theory now is in terms of the linguistic
theory that underlies our particular conceptions of the reading
curriculum. But in terms of the mechanics we define essentially
six levels. Each level is characterized by between 30 and 40
lessons, so the total curriculum in initial reading consists of

abcut 200 lessons. We view those 200 lessons as spanning roughly

JC

R

the first two years of initial reading jinstruction. You might

. , T S, S
Soial el R S SR v B 1 R b A

i
g ask why we have developed so many lessons if we are really
<
F
; interested in handling just the first year. Our experience in
z__.‘
7

the past is there are fantastic, almost unbelievable, variations

w
[

among these children. Some will spurt ahead at a fantastic rate
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and cthers will move at a very slow rate. We want to have enoygh
-

o

curriculum material developed that we can provide at least a
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solid year of instruction, hopefully for even the brightest students

in our group.
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Now let me give you some details on the curriculum not in
terms of linguistic properties but in terms of the operating %f
characteristics. First, let me characterize the terminal units. é
Terminal units are CRT tubes, character generators, vector mode
generators. A light probe is an input and a typewriter is an
input. 1In addition, there is a film strip and a film strip
projector which allows us to project any one of a 1000 film
images. It is & random—assist device with very high-speed access
from any point in the film to any other point. There is also a

random access audio system such that we can, depending on parti-

cular response at the particular sequence of instruction, pull

out from prescored bundle the appropriate audio message. We

hllﬂ?‘mc&"w(““‘-tllv

estimate from our current simulation that a lesson should take

our average student approximately 45 minutes to complete. When

3ok i e

T I say *hat a lesson takes 45 minutes what does that mean in
terms of backup? How much audioc do I have to prepare? Roughly,

we record about two to four times the amount of audio to the

CSASlL, Sy, M

45 minute period. That is, in order to put a 45 minute lesson

i
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on the air with ail of the appropriate remedial branches, so that

o sl 5

fé if one student has difficulty he can branch off to remedial material,
§ bright students can branch ahead, and so forth, it takes roughly
% four times 45 minutes of audio messages. We have to store three
% hours of audio messages for every 45 minutes of instruction and a
i comparable figure would hold for the preparation of CRT displays.
"é We make only minimal use of the film st:rip projector. In a given
|1 9
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lesson we use only between 12 and 15 film strips. We try to minimize
the use of the film and rely very heavily on the audio and on the CRT
displays. In order to back up 45 minutes of instruction we have to
prerecord about 3 hours of audio. And, of course, during that 45
minutes of instruction the audio is probably only on about 70% of

the time or even less. So you can see how much audio is necessary

to back up that amount of instruction.

One other thing about preparing the curriculum. We are working
in a language much like Course-Writer II but far more sophisticated.
We are quite pleased with the language. The most encouraging feature
is the following though.

We have looked at our two years of curriculum materials and
have analyzed them in quite a bit of detail at this point. We are
now programming in terms of this language and find that we can program
the two years instructional material within the framework of roughly
40 macros. In 40 macros we feel that we can program about 90% of
the curriculum material. The other 10% is sp2cially programmed
statement by statement but for 90%Z of the curriculum material we
can get away with roughly 40 macros. This means we call up a
macro, introduce the appropriate argument - which really gets
quite complex, of course — nameliy calling for certain audio messages,
describiag the particular visual disnlay, and so forth. But, it
does mean that the problem of coding up the material is not as
horrendous as I once though it was gcing to be. " And all I can say
is that your conclusion at this point might be, well they must have
terribly simple instructional material. I think the 4 to 1 ratio

on the audio will give you the feeling that our instructional material
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is terribly rich in terms of the brar ching capabilities and the
fact that we can get away with this number of macros.

We have built into our system a number of optimization procedures,
most of which are short-term optimization procedures: We have: many
built in because we have no feeling yet as to how effective these
different optimization procedures will be. In essence this will be
an experimental prograsx, trying out many different optimization pro- o
cedures and determining which is the best. Most of these optimization

~ procedures I am referring to are mathematically exact, that is, they
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% : require a certain number of computations. In fact, most of them are
: ’ in the framework of dynamic programming models, requiring a certain %
: number of computations from moment to moment before the next deci-lon

is made. In the long-term optimization we have really nothing serious :

to say. Available in the program is a continual bank of counters

which get and keep a long-term record on the subject, and hopefully
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we will be able, after a year or so, to corrflate that record with

:
; certain behavior of the subject and come up with some more detailed %

‘;; +zay of handling this long-term optimization. Of course, we really E%-
é have certain ideas as to what is the optimal procedure for introduc- 5

é ing concepts and later on we will have to modify our program and see ;

é if alternatives of introductions or sequences of :oncepts will really g

% make much difference as to whether we do have what might be called g;
; an optimum sequence. E

? One of the beautiful advantages of the computer-based system in E

i our particular program is that without too much trouble we can literally ?

; take big parts of our curriculum and move it around and,consequently, %

L e change the sequencing order without completely revising every momentary
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aspect of the curriculum.

To someone who gets involved in this, let me say that there
are a lot of side problems that one needs to keep in mind. One
is the whole problem of teacher training. When you move into a
school, in the sense we are moving in, it is necessary in the
preceding year to take the teachers, not only in the classes you
are going to be dealing with but in the classes from the kinder-
garten up to the 4th grade, and give them a fair program of
instruction. They have to become quite familiar with the
curriculum materials in the year; they have to become quite
familiar with the system of operation; they have to become
quite familiar with the possible supplementary activities that
they can engage inj and finally they have to get familiar with
the sorts of outputs that we are going to be giving them each
day on each child. I am sure many teachers will ignore these
outputs but just look at the gross outputs for the entire class.
0f course these rutputs are available and the bright responsive
teacher will txy to use these outputs in interacting with the
children when they are off-line. Our system is,we hope,fairly
complete - we program for a number of contingencies. For example,
we have a teacher call - our plan is that there will always be
two proctors ava¥1ab1e; Programmed into the lesson material
are certain counts that we keep track of in terms of making too
many undefined responses, making too many responses that fall
beyond a reasonable time period, in fact, making too many error
responses of particular sorts. When this number reaches some

period, it fires a message off to the proctor terminal and the
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proctor terminal will read, "Station 1l - reached a problem at
point such and such." Then it will give a reference to a booklet
of material and it will say, "Criterion reached on the number of
overtimes for this student.'" The proctor may decide to go over

’
to that terminal if she has time. If she doesn‘t have time, the
student continues to wrestle on, not knowing that the proctor has
actually outputted; but when the proctor does have time or when }
these messages really become quite urgent, hopefully she will \\j
wander over to the terminal, she will call for a restart point
in the program (all these resfart points have to be prearranged:
the curriculum team has tec decide what is a reasonable restart
point, a treumendous amount of detail); and she will then bring
the student back to the restart point. When she brings him baci
a code will go onto his data indicating that he is now on the
line with the student. She will stay on the line with him, giv-
ing him whafever help she thinks she can, possibly responding for
him or what have you, and then at a certain point she will bring
him back to some other restart point and he will come in again.
The program records all the data flowing out, keeps track of
every r .sponse, of every time interval and of when the proctor
does come on the line in addition to the data tape indicating
that she is on the line.

One nice feature about the second system (and this is not a
critical comment about the first system) is that IBM has decided
that rather than shipping us the product directly, they are going
to send it through their procduct test division. One of tue real

-

problems with the current system, and I think by most standards,
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it is a fairly reliable system, is that we have just had too much o

down-time. We have a CRT, a chip projector, an audio system, a
PDP-1 computer, disk file that is shared with the Physics £,
department, and a tie in with the 79. There are just too many |
possibilities of down-time, and we hope that the next system will
be a highly reliable system. I can only add that I think this is .

really one of the main requirements. You must have some assurance

that your terminal gear is going to be reasonably reliatle, and I

N ‘!' am

> am of the opinion at this point that I am much prepared to sacrifice

a tremendous amount in terms of the rich system of the stability of

W B s o w wes man

the interaction of student with computer if that is paid for with 1
i an increase in reliability. One thing I do know is that it is ég
almost impossible to carry out work of this sort if the equipment o
is up one day and down the next. These students are scheduled on
a regular basis and they expect to go each day and if it becomes

too haphazard it creates too many special problems.

@

What are the research implications from the viewpoint of

4

3 psychology? We are now in a position to collect large amounts j
% of data in a systematic fashion. My friends tell me we are collect- %
; ing too much data, that we are not going to know what to do with it, E
& :
g and they're absolutely right. Already on the spelling drills we E
? hardly know what to do with it. If we compute a matrix of the g
; overall probability of a correct response and the conditional %
% probability of a correct response given an error, and a few latency ;
%

? distributions we feel that we can't tolerate much more. But,obviously, ;
i there is an immense amount of data and hopefully in time we will be g
£ £
?ﬁ ‘i; able to take advantage of it, However, one of the real problems, §
i
- {
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of course, is how does one use tae capabilities of the system to
really carry out sophisticated optimization routines? Certainly,
we are nct going to have much tec say about long-term optimization
except in the most general semse for some time. But I do think we
have a fair amount to say about short-term optimization. Here I
would like to call your attention to a whole series of papers and
one book which deals specifically with the problem of optimization
within the framework of computer-based instruction. I think it is
am impressive literature and I think it is growing. What is most
impressive is that psychologists are not contributing solely to
the literature, but it is really a collection ovi psychologists,
mathematicians, statisticians, and engineers who, as a group,

are providing a literature in this area of optimization. I would
like to call to your attention to a book by Smallwood called,

The Decision Structure for Teaching Machines. He applies a

dynamic programming technique to the general problem of optimiz-
ing within the framework of the computer-based environment. There
are a series of papers by Deere, Karis, Suppes, Crouthers, myself
and several others. Several of these papers will appear in a

forthcoming issue of the Journal of Mathematical Psychology.

The other papers are spread out in other sources. There is quite
an interest now in the general problem of how one uses information
on a subject to carry out instruction in an optimal fashion. I
was quite pleased last year after some interaction with people

in engineering who were teaching the course in dynamic programm-
ing. A question on their final exam, for graduate students in

engineering, read something like the following:
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"You are trying to teach a mathematical concept. The way the
student learns this concept is described by the following learning
model”, and they wrote out a few equations which représent a very
simple model of learning that psychologists have much investigated.
And then the final exam continued, "... given this model describe
the optimum procedure for instruction.'" This is for a group of
Ph.D.'s in engineering. We are going to have our effect, not only
in psychology, and in education in terms of curriculum for obvious
problems in engineéring systems, but also in terms of general or
considerations.

Let me give you a simple example of these optimization procedures.
The learning msdels involved in this example are totally unrealistic,
and I am not trying to suggest that this is the way tn proceed, but
this may give you a feeling for the sorts of analyses that can be
made and what it means to define a sufficient history for particular
problems. Let's say that I am working on a reading curriculum and
am interested in teaching the subject. I have allocated a certain
amount of time, say 30 minutes. I am now already putting constraints
on my optimization routine and that is why I refer to it as a short-
term optimization. Let's say I have allocated 30 minutes of time
to the problem of teaching 10 paired associates to the subject and
the 10 paired associates are presented as follows: On my film chip
projector I am going to display an object on the CRT tube, and I am
going to list three words. One of those three words is going to be
the word that goes with this picture, and the student's task is to
probe the string and touch the word that is appropriate for the

picture. I show a cat and then on the CRT I display CAT, DOG, BEAR
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and he uses his probe, to touch the appropriate response. If he 3
gives me the appropriate response, over the audio system I play

"That's right". If he gives me an incorrect response I say,

™S

"No, displayed on the chip projector (this is not the terminology
we use) is a picture of a cat, touch the word 'cat'," and I put -

a little marker on the screen and then he probes the marker.

t

!

} Let's say I have decided that I am going to carry out g
’ instruction on ten words in this particular fashion. How do I s
i

sequence through my ten words? As a curriculum expert or as an

TR
N

—— o

educator you have to say, at the end of 30 minutes what do I really
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want this subject to do? One possibility is that I want to maximize

o e

! on the number of correct items that he is going to get in some tester.

4 Another dimension I might want to maximize on is the speed with which

he would give me the correct responses on the final test run. I

might define a very elaborate criteria of maximization, but let's i

SRELS. e S
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say that I fix on the general problem that I can maximize the number

of correct responses he will give me when I run through the set of

T
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ten items on a test run at the end of the half-hour period.

In order to apply our theory of instruction we have to define what
criterion we are interested in maximizing on in order to find a ¥
3!

multiple criterion which involves response times, correct response,

i

and so forth. Let's stay with the simple criterion of generating
a maximum number of correct responses at the end of the half hour

in terms of a test run through the sequence. Given that informationm,
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the fact that you are constrained by the situation to present the
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information in the way I have described, namely a film strip
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projector, the possible responses reoccurring, the subject probing
and your ability to tell him what is, in fact, the correct response,
and then the requirement that you move on to some other item. How
should one sequence the items in order to maximize performance at
the end of the half hour period? It depends on the theory or learn-
ing that you subscribe to. When I say theory of learning, I don't

mean theory of learning in the Hullian sense or the sense of Coleman.

I mean in the much more precise sense. That is, in order to character-

ize this, in order to specify what is optimum, I am asking to specify
in some detail the learning process which one thinks is going on. Let
me present two possible models that might characterize learning.

P' (1) = (1 - 0) P(i) + ® This model will assert that every timé

I present the item and tell the subject that the answer is ccrrect,
the probability of his generating the correct response on the next
presentation is going to be related to this probability on the
preceding presentation by this equation, namely the probability on
the next presentation for item "i" is going to be increased somewhat
over its previous value. That is one potential description about
learning incurred in this situation. Another possibility is that

the probability of the correct response on item "i" on the next
presentation is related to its probability to preceding presentations
by the following formula: P(i)=%(i) = 1/3. With probability "p"

and less probability "1 - P", namely this is where we assume that
learning is all or nothing nature. That is, either the subject

and its initial value would be a guessing probability of say a

third, since we give him three alternatives. The important point

here is that in this model learning occurs on a single trial in the
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process, in the sense that up to some point in time, some preceding
number of presentations, we respond and since we have a chance model
orr a single trial he moves to perfect responding. You might think
of these two models as providing two very extreme cases of how
learning proceeds in a situation. We are arguing that each time
I present the item and give it reinfcrcement I increcase the pro-
bability of a correct response by some gradual amount. The last
theory on the right side is each time I present the item and rein-
force it by statement of the correct response to that jtem there
is some probability that learning is essentially on an all-or-
none basis. I might describe the first model as incremen:al or
gradual learning process and the last model as all-or-none or
insight type of learning model. Well, interestingly enough
these two models prescribe quite different optimization. I
am not going to justify this statement except to say that the
insight model and the all-or-none model describe the following
scheme.

Present your items from moment tc moment as you mormally
would, but the sufficient history, what it is important to know
regarding this particular system, is the number of correct responses
the subject is giving you on a particular item since the last time
it was presented he provided an errcr. Sc you are presenting your
items in some point<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>