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In conversation with 
Michael W. Allen 

As one of the most revered names in technology-assisted learning, it was 
an extreme honor that Patrick Suppes took time to talk with me about 
his career, how the idea of using computing technology to assist learning 
developed, and how he came to write his seminal Scientific American paper 
that caught the. attention of scientists, educators, and the public alike. 

I wonder whether it's a coincidence that both Suppes and Bitzer are 
physicists, that both demonstrated leading-edge success with learning 
technology, and both see individualization of the learning experience as a 
key to the future of an enlightened society. In any case, both scholars had 
the knowledge, confidence, and capability to shape and harness technology, 
and after demonstrating phenomenal successes years ago, they're frustrated 
that e-learning is so poorly designed today and so often misses the big 
opportunities. 

There are important lessons to be learned here, and I'm extremely 
·grateful that Professor Suppes was willing once again to share his inSights 
and profound wisdom. 

Allen: Dr. Suppes, as someone who 

has looked seriously at learning with 

the support of technology, beginning 

at the point when computer interface 

capabilities first made computers 

usable by learners, I especially 

appreciate your taking time to 

contribute to this first edition of the 

e-Learning Annual. 

Suppes: I have some themes to 

consider, and I thought we could use­

two well-known articles of mine from 

the 1960s to explore them. In these 

articles I talk about what we should do, 

and what we are going to ·be able to do, 

-Michael W. Allen 

in terms of computer learning i" the 

future. It might be useful to use them as 

a basis and give you my comments on 

where I feel we have failed and where 

we have succeeded. The first article 

is "Modern Learning Theory and the 

Elementary-School Curriculum," first 

published in the American Educational 

Research Journal. This was the paper I 

gave when I was invited to address the 

AERA meeting in 1964. The second is 

"The Uses of Computers in Education," 

first published in Scientific American in 

1966. This was after Dick Atkinson and 

I received a grant from the Carnegie 

. Corporation to establish a laboratory. 
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Allen: Okay, now let's back up a bit. As we wrote it, we realized we could 

Can you tell me what led you up to give it an educational learning theory 

this point? "twist: We came up with the idea of' 

computer~based instruction. That's 

Suppes: Dick and I wrote a book how it all started, actually: out of a 

of experiments on learning theory proposal for an automated laboratory 

called Markov Learning Models for from Carnegie. John Gardner was 

Multi-Person Interactions, published president of Carnegie's non-profit 

in.1960. In this book we anticipated foundation and very supportive of us. 

much of the experimental economics In our first experiments in late 1962 

going on now. We experimented on and 1963, we brought elementary-

various formats such as two-person school children to the labs at Stanford. 

learning games. We developed what We soon saw that this. wouldn't work, 

we considered to be an automated as the numbers of learners would in-

laboratory to run experiments initially evitably be small. Our first step into a 

in the area of the psychology of school was to install a teletype, con-

learning. Carnegie was looking for nected by telephone to our computer 

good projects to support, and we were at Stanford, in an elementary school 

encouraged to send in a proposal. ten miles from Stanford. That was 

Figure 1. (Above) First demonstration of a 

logit program to third graders in an early 

CRT terminal, Stanford Lab, 1963 

Figure 2. (Right) Fourth grader using 

teletype machine, Grant School, 1965. 
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in 1964. We had to put it in a broom 

closet, sil\ce enrollment then was 

bulging. Students had to go in there to 

work on it one at a time. 

Out of this first trial came the 

realization that we had to move the 

terminals, because we didn't have PCs. 

We actually ran terminals from some 

central point until the early 1980s, 

when PCs became available. 

In 1972, after having taught it 

twenty-two years and having written 

a textbook, I offered a completely 

radical idea: a computerized version 

of my Introduction to Logic course. 

I was only the master of ceremonies 

on the first d~y of class. The students 

worked entirely on the computer, and 

the results were entirely evaluated by 

the computer program. There were 

no human lectures, only an assistant 

there to help with problems. I taught 

that course every quarter for the next 

twenty years-sixty times-until I 

retired in 1992, at the age of 72. The 

course, too, was retired at that time. 

It was a big experiment. Similarly, 

from about 1955 I had been teaching 

another course, Axiomatic Set Theory. 

It was a good undergraduate logic and 

math course at a more advanced level, 

and starting in 1974 I taught it three 

times a year as a computerized course. 

Allen: Now what was your 

background? 

Suppes: My background was really in 

physics. I had an undergraduate major 

in physics and was pressured into a 

specialization in meteorology during 

World War II, where I served as a 

meteorologist. I received my bachelor's 

degree at the University of Chicago 

and a U.S. Army Commission as a 2nd 

Lieutenant at the same time, in 1943. 

I was then immediately sent overseas, 

as they needed meteorologists in the 

Pacific. I went to the Solomon Islands, 

one of the more remote places on 

earth, and was even stationed at a 

relatively remote part of those islands. 

After the war, I went on to take a Ph.D. 

in philosophy at Columbia. Since then 

my philosophy work has been mainly 

on the. philosophy of science and logic, 

so in that way I have kept my scientific 

boots on. Fairly early I started working 

in mathematical and experimental 

psychology. It sort of became my 

scientific side, and I have used what 

I have learned from this also in my 

philosophy studies. 

Allen: So, as you devised an e­

learning course based on your book, 

did you envision it simply as a labor­

saving device? What was your goal 

with the computer-based version of 

your course? 

Suppes: Several things. We could 

turn to my 1966 article in Scientific 
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American. It was about the uses of 

computers in education. I would stress 

two things. What is striking, when 

teaching something like logic, is the 

wonderful, vast individual differences 

in the rate of student learning. Some 

will take to it like ducks to water, 

while others have problems. The 

individual differences are huge. The 

pace of learning varies tremendously 

across students. The single most 

imp'ortant cognitive argument for 

using computers, from an intellectuill 

standpoint, is the detailed and 

deep accommodation to individual 

differences in student learning. 

The second associated point is that 

sitting and listening to lectures is a 

passive activity. I have a behavioral 

norm for the classroom: we teachers 

talk too much. I have a rule on 

the computer in 
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Now, what follows from that is an 

idealistic program that has been only 

partly realized. We would like to have 

the interaction between student and 

computer be like that of a very good 

dialogue between a student and a 

smart tutor. We have made progress 

on such dialogues, but we have a long 

way to go. 

Allen: Before we talk more about the 

future, What is your assessment of 

what is happening today? What are we 

doing well and not doing well? 

I have a behavioral norm for elementary school. 

Suppes: Let me mention a f~w things 

from the Scientific American article, 

and talk about where we are in regard 

to them. I mentioned being very 

active. That we do well. In the courses 

I have been associated with, be it 

teaching language arts to third graders 

or teaching Chinese to sophomores 

the classroom: we teachers No lecture should in college, we require a good amount 

talk too much. be longer than three of active participation on the part of 

minutes. One and the student: thinking creatively and. 

a half minutes is much better. Then answering questions, not just listening. 

you have active exercises to complete. We have done a pretty good job with 

This is even true in the logic course this activity component. 

in the university level. Great stress is We have also done well regarding 
., 

on an active role for the student, not diversity in learning. I have what I call 

passive listening. Individualization for the "cone of diversity:' Along the x-axis 

learning and reducing the passive role we plot how long a student spends 

of the student are the' major virtues of working on the computer in a course, 

computerized courses. and along the y-axis we plot what the 
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student has done thus far for each 

time period on the x-axis. 

. In elementary school, for example, 

one would talk about grade placement 

as a.progress indicator. At the 

university level one would talk about 

how niuch of a course has been 

completed. Now the fastest student's 

progress would appear on the left. 

But this student's curve couldn't be 

vertical, becallse it takes some real 

time to do anything. The slowest 

student's progress would appear 

almost horizontal, but it couldn't be 
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. completely horizontal, because that 

would be an infinite time. Thus, the 

fastest student adheres closely to 

the y-axis, while the slowest student 

continues close to the x-axis. 

1-- data 1 
- fit Figure 3. Sample 

Everyone falls, in principle, 

somewhere between the "cOne" 

formed by these two curves. The 

differences between the fastest and 

slowest student can be, cumulatively, 

. very large. For example, in my current 

activities here at Stanford with the 

Education Program for Gifted Youth, 

all pre-college, my colleagues and I 

have created a large computer-based 

math course for grades 1 through 7. 

For these eight years of curriculum, 

the best students can easily finish 

three years early. The very best are 

phenomenal, taking the Advanced 

Placement Exam in calculus in the 

5~~--~-----=~==~ 
o 5 10 Computer-Time 

computer time (hours) _____________ ,: Trajectory 

sixth or seventh grade. And then you 

have students who will take longer. 

Probably my best example of 

taking individual differences into 

consideration is my work in the 

1970s and 1980s with deaf students 

learning to read. Of course, it is 

very difficult for them with their 

auditory language deficiencies. Some 

would take hundreds of exercises to 

make progress in elementary school 

reading-an amazing amount of 

time-but they would make progress. 

We are talking about students 

genetically deaf from birth, but of 

unaffected intelligence. We are talking 
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residential schools around the country. without any instructional design 

Individual differences can be a striking background became involved, and 

phenomenon, and I believe we did a what these people were fascinated 

good job accommodating their needs. with was the medium's ability to 

present information. They would say 

Allen: Do you think this is true in the that the individualization comes into 

training environment as well as in play because you can read it at your 

education? own speed. Well, using that logic, a 

book is pretty individualized, too. 

Suppes: Well, as we both know, 

there is extensive use of computers to 

teach people in industry, but I think 

the answer is no, and I'll tell you why. 

I think there is too much tendency 

in the training industry to lecture 

Suppes: Well, that's too simple of an 

idea of instruction! 

Allen: Right! 

people and not enough to check up on Suppes: In their favor, let me say this. 

what they are understanding, or to let The biggest course and the biggest 

the ones advancing enrollment we have at Stanford in the 

I think there is too much whiz ahead, and give Education Program for Gifted Youth 

. tendency in the training special attention to 

industry to lecture people those who may not 

and not enough to check be progressing as 

up on what they are quickly. Most training 

understanding,... courses, but not all, 

are not sophisticated 

enough to take into consideration 

the individual differences involved 

in learning. Perhaps the main 

reason is cost. It is expensive to 

develop instruction that is highly 

individualized. 

is the K-7 math courSe. I have been 

working on this course since 1992. 

This was preceded by the writing of 

a series of textbooks for K-7 math in 

the 1960s,followed then by additional 

computer coursework during the 

whole period from 1965 to 1992: 

So I am saturated in the subject. I 

have been constructing the course 

in detail. It's a huge course, with 

more than forty thousand exercises. 

Most corporations feel they cannot. 

putthat kind of time and money 

Allen: I agree. As I began work in the into perfecting instruction trying to 

field, it was individual differences that do something much simpler to save 

fascinated me. But as the Internet money. 

came around, it seemed that people 
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Allen: But then I ask, "What is the 

most expensive form of instruction?" 

And my answer is "instruction that 

doesn't work." 

Suppes: I agree with you. There aren't 

many educational training groups in 

best and worst students may differ, 

if you have a criterion of success in 

learning, by an order of magnitude. 

The curriculum has to be organized, 

and it's not trivial to organize it to 

accomplish that. 

corporations that have been producing Allen: And the benefit of adapting to 

any sophisticated learning products individual differences? 

over fifteen to twenty years. There 

isn't a culture of really accepting 100 

percent what can be done with good 

instructional design, even in places 

like IBM. 

Allen: Any other comments on your 

assessment of where we are today? 

Suppes: Connected with the notion 

of individualization is the question of 

how to individualize. To individualize 

you need sophisticated, dynamic 

concepts of c.urriculum. I have, for 

example, created technical specs for 

a program to track student progress 

in the current K-7 math course. It 

is a complex document describing a 

complicated, stochastic motion. To 

provide for individual differences 

requires, on the production side, a 

much more complicated conception of 

the curriculum. You just can't provide 

for individual differences in some 

simple way, such as giving learners 

one set of exercises, for example. 

The number of exercises done by the 

Suppes: Well, like your remark about 

the worst thing being not to teach at 

all, the worst thing is to be wasting 

time. Let me put it this way. I have 

always been concerned with the top 

and bottom 10 percent of students. 

The bottom 10 percent need help and 

time to get up to speed so they don't 

fail. The top 10 percent need to be able 

to move on and learn more according 

to their ability. We need to take care 

of their readiness and abilities. The 

ordinary thing to do when you don't 

have the ability to individualize is to 

teach to the middle; that's what good 

textbooks do necessarily. 

Now let me review a couple 

of things from the other article I 

mentioned, "The Uses of Computers 

in Education." These things will 

sound familiar, but the problem is 

to implement them in a curriculum. 

One point concerns taking advantage 

of and understanding the nature of 

transfer. It is a well-studied subject in 

educational psychology and learning 
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theory in general, but not really well 

understood, even by curriculum 

faculty in schools of education. Out 

of these studies come other learning 

criteria such as response latency, the 

time between a test stimulus and 

the response. Can a student work 

an exercise fast enough to show real 

mastery? This is hard to measure in 

the classroom, but the computer is just 

tailot-made for it. You can measure 

learner responses to the millisecond. 

You don't need this, of course, as 

one-tenth of a second is good enough 

for ordinary work. Everyone has 

recognized for a long time in learning 

theory, particularly in education, 

that response latency is a much more 

sensitive measure of mastery, in many 

kinds of learning, than just correct 

responses. 

For example, in many basic parts 

of mathematics, you want students 

to have answers at their fingertips, 

so to speak. They should be able to 

do computations with great accuracy, 

and also with speed, so they can move 

ahead with a competent base. I have 

math races in my K-7 math course. It 

is assumed the student can calculate 

the correct answer. The exercises are 

only meant to build more competency 

in terms of swiftness, consolidating 

the base of learning. It's been very 

successful, and I love that part of 

Michael Allen's 2008 e-Leorning An 

the program, because it's something 

you really can't do operationally in 

classrooms or in groups. I consider 

a criterion of learning based on 

latency a very important thing-and 

a sophisticated thing-to add, from a 

learning standpoint. It's as important 

in language learning and many other 

subjects. 

Allen: I remember your talking about 

"Old Church Slavonic· years and 

years ago. 

Suppes: Yes, I have a 1981 edited 

volume of the computer-assisted 

instruction we did at Stanford for 

the university-level courses. We 

offered a whole range oflanguage 

courses: Armenian, Arabic, Chinese, 

French, German, Russian, and Old 

Church Slavonic. I used to joke 

abol,lt Armenian. Stanford wouldn't 

offer Armenian, because there were 

never enough students. We had, at 

most, about one student a year for 

Armenian. But we actually had people 

who found it useful, and we received 

a special grant to develop courses. 

Scholars who were studying that part 

of the world or the history of the 

revision or who wanted to read more 

documents in that language needed to 

learn Armenian. 
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Allen: You usually have to have 

a large population to justify the 

development costs, but sometimes a 

very small population can justify them 

just as well. 

Suppes: It will not be an object of 

extensive experimentation. It may 

not be the best possible course, but 

in the vein of that great line by Oscar 

Wilde, "If a job's worth doing, it's 

worth doing badly:' And here, in the 

case of Armenian, the student wanting 

to learn the language would prefer 

something that did the job, even 

though it hadn't been given the loving 

attention, say, of a course that had an 

enrollment of a thousand students per 

year. 

I should that mention we are 

currently working on two language 

courses that are meant to be 

completely computer-based. One is 

a big ESL course, and we're starting 

from scratch. The other is a mirror 

image of this: Chinese. A teaching 

assistant is there to help out with 

problems. In both of these computer­

based courses, we do some rather 

sophisticated things that match 

some earlier predictions of mine. 

Let me amplify this remark. One 

of the things that is coming to 

fruition in these language courses is 

sophisticated recognition and analysis 

of student-constructed text. In the 

associated language arts courses at 

the elementary level, instructors 

do not like trudging through stacks 

of individual writing exercises. 

Everywhere, teachers are backing 

away from doing this. We are building 

production programs whereby 

students are given exercises in reading 

comprehension, for example. We give 

them a fixed vocabulary of no more 

than thirty-five to forty words to use 

in composing a sentence. Then we 

write a big context-free grammar, 

formally, as a computer program. The 

program can do a pretty good job of 

checking for grammaticality. We are 

also building a semantic analysis of a 

correct paraphrasing that can be used 

to assess answers to a question. It's 

quite successful already and we will, of 

course, improve it with experience. I 

. can see why teachers are shying away 

from manual assessments, for we can 

easily accumulate twenty thousand 

written exercises with a sizable class. 

We are also using this new 

technology in both the ESL and the 

Chinese course. We have students 

writing and also writing down what 

they listen to in this way. We can do 

accurate evaluations with a restricted 

vocabulary. We use, as I said, a very 

detailed arid very large context-

free grammar. There are some good 

computer parsing programs available 

for such languages. 
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Allen: Are you thinking about 

integration of voice recognition? 

Suppes: Absolutely! We haven't done 

much successfully up to now, but we 

have a lot of work going on with voice 

recognition. One of my objectives, 

when I finish some things I am 

working on currently, is to implement 

voice recognition on a production 

basis. In the K-7 math course, we 

ha~e already implemented a test basis. 

I think this is very important, and 

Michael Allen's 2008 e-Learning Am 

restricted areas of instruction like 

mathematics are a good environment 

in which to do it. You put your finger 

on something I mentioned we needed 

in 1968 and thought we would have 

in another ten years, by"the way. I 

think it is unlikely there are currently 

any big production courses anywhere 

really using voice recognition in any 

major way, but it will come. It's not too 

difficult to predict future functionality, 

but timelines are very challenging, 

indeed. 
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