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Bucky Fuller, Behavior Analysis in Education,
and Things We Think We Know Which Aren’t So.

Stephen A. Graf, Ph.D.
Youngstown State University

Session Purpose: Provoke behavior analysts into considering some of the faulty assumptions of
the Cartesian Coodinate model of space, and the impact of such faulty thinking on our educational
system.

Abstract

Many of us, as Behavior Analysts, have been involved in the delivery of superior educational
technology. Whether the particular approach be Direct Instruction, Opportunity to Respond,
Precision Teaching, combinations of the above, or a general Behavior Analysis model, we can
produce measurably superior instruction compared to much of traditional education. What I
suggest we need to consider but haven’t -- doesn’t deal directly with the delivery system. Rather, we
need to consider such basic concepts as our three-dimensional coordinate system. What seem to be
some of the faulty assumptions underlying our models of reality? As behavioral scientists, we have .
likely acquired some of these trappings from mainstream science and mathematics -- things we
think we know which aren’t really so. Most of us realize how our language abounds in such
imprecise mentalisms (e.g., "the sun rises and sets"). If our language and assumptions do not
correspond with generalized principles, what does it matter how effective we can be as educational
technologists if we’re teaching the wrong stuff? I can show you some dimensional models to
demonstrate my point in just a few minutes. Nothing original -- just ideas from the repertoire of
Bucky Fuller with which each of us should have familiarity if Spaceship Earth and its humans on
board are going to succeed. Again, why bother with such information? Because our educational
achievements, however magnificent, will not overcome a faulty knowledge base.

Presented at the Conference on Behavior Analysis in Education: Focus on Measurably Superior
Instruction. Held September 18-20, 1992, Holiday Inn on the Lane, Columbus, OH.
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system.

Abstract

Many of us, as Behavior Analysts, have been involved in the
delivery of superior educational technology. Whether the
particular approach be Direct Instruction, Opportunity to
Respond, Precision Teaching, combinations of the above, or a
general Behavior Analysis model, we can produce measurably
superior instruction compared to much of traditional education.
What I suggest we need to consider but haven’t -- doesn’t really
deal with the delivery system. Rather, we need to consider such
basic concepts as our three-dimensional coordinate system. What
seem to be some of the faulty assumptions underlying our models
of reality? As behavioral scientists, we have likely acquired
some of these trappings from mainstream science and mathematics -
- things we think we know which aren’t really so. Most of us
realize how our language abounds in such imprecise mentalisms
(e.g., "the sun rises and sets"). If our language and
assumptions do not correspond with generalized principles, what
does it matter how effective we can be as educational
technologists if we’re teaching the wrong stuff? I can show you
some dimensional models to demonstrate my point in just a few
minutes. Nothing original -- just ideas from the repertoire of
Bucky Fuller with which each of us should have familiarity if
Spaceship Earth and its humans on board are going to succeed.
Again, why bother with such information? Because our educational
achievements, however magnificent, will not overcome a faulty
knowledge base.



Bucky Fuller, Behavior Analysis in Education,
and Things We Think We Know Which Aren’t So

Brief Abstract: This presentation will not deal with delivery
systems that produce measurably superior instruction. Rather, it
will consider basic concepts such as our three-dimensional
coordinate system and things we think we know which are not
really so. Our educational achievements, however magnificent,
will not overcome a faulty knowledge base.
Introduction

Here is our basic ’peat,’ in other words, the theme, which
will be peated first and then repeated at the end. Essentially,
superior instructional technology is available in behavior
analysis, whether it be through Precision Teaching, Direct
Instruction, Opportunity to Respond or others that Heward (1992)
was just talking about. We have the techniques. What is not
always so obvious is what to do, or what it is that needs to be
taught. And so, one of the things that I thought would be sort
of fun to look at, goes to this notion of "things we think we
know which aren’t so." So, we get to the notion of looking at
some of the things that we are teaching kids, or not teaching
kids, that they either should not be taught or ought to be
taught. You can kind of figure that out.

So, essentially, then, what we are saying is, is that we
have got the technology available for education, but the
assumption is that what we are teaching is appropriate. Now, I

am going to try today to challenge a couple of those assumptions.

So, we are going to take a look at these different areas (Table



reference?). And what we will see is that some of them sort of
coalesce or run together. Also, I am going to suggest a few
futures and talk about synergetics, or the "comprehensive

anticipatory design science."

Buckminster Fuller Data

Now, that particular terminology was the wording of
Buckminster Fuller. Last Spring (1992) in a college
undergraduate class I found that only 1 in 30 of the students had
ever even heard of Buckminster Fuller. To me that was scary and
somewhat appalling. So, I hope that percentage would be higher
if we took that count today. How many have heard of Buckminster
Fuller before? How many have ever heard him talk?

Some of you would be interested to see (these data). This
(data) was Bucky Fuller receiving awards (Figure 1; Standard k
Celeration Yearly Chart). This is year-by-year. He was born in
1895 and died in 1983. So, in 1988 (?) most of the awards had
stopped coming. However, if we look at what sets up those
rewards or awards it is usually something like keynote addresses
and principal speeches. And this (data) is his count per year of
keynote addresses and principal speeches (Figure 2; Standard
Celeration Yearly Chart). And you can see that even at the age
of 88, which was his age when he died, he was still on the speech
making tours. The honorary degrees which he received, which
total 47 over the years look like this on a year-to-year basis

(Figure 3; Standard Celeration Yearly Chart). So, you can see



that he was getting some recognition even during his lifetime for

some of his accomplishments.

Buckminster Fuller Accomplishments

Well, what were some of his accomplishments? One thing that
might measure it is this cover of Time magazine. On this
particular cover a number of his so-called artifacts were
displayed. There is a tensegrity sphere here, the Dymaxion car
is over here. His actual head is in the form of a (geodesic)
dome. He'’s got the helicopter flying a dome. He’s got some of
his tensegrity masts here and some other domes, closest packing
of spheres here. Some of these things may not be familiar to
you. I just mention that this is a kind of nice showing for
Fuller in the media on his contributions.

When Fuller started to look at the world his determination
was that nature was very, very parsimonious. And I think that as
behavior analysts we accept that sort of view. He was also
extremely empirical, which was another scientific principle. One
of the things he was looking for was the coordinate system used
by nature. That is, he didn’t believe and he said he could not
believe that nature would work pi (m) out to some number of
decimal points in order to form a little bubble. He said nature
probably does not. He said nature could not know pi. So, it
must use some other coordinating system. And thus, that was his
great search.

Fuller came up with a number of terms. One was ’‘dymaxion,’



which was a combination of ’‘dynamic’ and ’'maximum.’ And he had a
number of things to which he attached that particular term:
Dymaxion House, Dymaxion Transfer. The only one which actually
came into fruition was the Dymaxion Car. It was not really set up
to be just a car, however. This was the land transport version.
It also had wings and a propeller on the back. So it was touted
eventually to be a boat, car, and plane. One of the features of
this Dymaxion Car, which was conceptualized and built in the
1930s, was that it had two wheels in front, one wheel in back;
very stable. If you were driving around you could pivot around
that endpoint and turn around. So if there was a traffic cop in
the middle of the street, go right up to him, go right around
him, and park on a dime, and that was one of the features of the
Dymaxion Car. It never quite caught on; a lot of interest, but
bad publicity. But that was one of his artifacts.

Another was the Dymaxion Map. The Dymaxion Map was his way
of utilizing the fact that in a flat projection system you have
difficulty keeping the land masses accurate. So, in the Mercator
system, which is still one of the most widely used projection
systems for looking at the world in two dimensions, you have a
situation where Greenland looks about as big as South America.
And, in fact, Greenland is very, very small compared to South
America. On his Dymaxion Map he was able to slice it up into
triangles in such a way that when you put it back together any of
the distortions fell over the water areas so that it didn’t make

any difference anyway. And therefore the land masses appeared



much more accurately, as you would see in front of a globe. So,
you can unfold this (Dymaxion Map in globular form) and then fold
it back up. So, a Dymaxion Map is much more accurate to look at

and see those appropriate land masses.

Things We Know That Aren’t So

Well, in some of the "things that we think are so that
probably aren’t," I am going to start off here sort of slow and
easy, and list a few of these.

Handwriting. Handwriting is not something that Fuller talks

about, but it’s something that most of us have run into. The
fact that we can teach children to write using a system that was
set up for essentially goosefeathers, quill pens, where you could
not go in certain directions, and yet that particular system is
still in place in most of our schools across the country and
across North America. This is sort of an easy, early example of
the sorts of things that are still "we think are so," but does
not really make a whole lot of sense.

Measurement. Another one is the measurement system. Now, I

can go on and on about Standard Celeration Charting, how simple
that is. But the difficulty that Ogden Lindsley has had in
getting that adopted (in behavior analysis) is really a similar
case to the sorts of problems we have run into with the Metric
System. How many of you believe that the metric system is
simpler than the other systems that we currently use? And yet,

you look at the difficulty in even getting people to adopt that



system. I think you can sort of see the types of problems that
we run into.

Language. Another area is language. You would think, and
there are a number of people who make a big point of this and one
of them was A. Korzybsky in General Semantics, but you would
think that we would talk when we are teaching children, we would
talk in ways which accurately reflect the ways things are.
Right? So, how many of us tell our kids that "the sun is rising"
and "the sun is setting"? When in fact, that is not happening at
all? And so this was one of Fuller’s points; that we should
really communicate at even an early level with our children in an
appropriate way that actually reflects the way nature is. So, he
said, better "sunsight" than "sunrise." Well, what is happening?
You are seeing the sun with the Earth turning; nothing is realiy
stationary. And also, "sunclipse" when the sun "goes down." It
doesn’t really.

Up-Down. Also, Fuller said our notion of up-down is
probably inappropriate, because there is no "up" or "down" in
Universe. When you say, "Well, the Skylab is up there right
now," and you look up, where might it be? Well, it could be on
the other side of the Earth and underneath your feet. So, the
"up-down" is really inappropriate, said Fuller. 1It’s probably
better "in towards" something and "out away" from something or
"around" -- are better words to use.

Mathematics. Now, when we turn to the area of mathematics,

we run into something which I find extremely interesting. What



do we say when we "raise something to the second power?"

Squared. Ok. When we look at something which is squaring, we
have a unit edge here, then 1 X 1 = 1. If we divide our edge
into 2, if we have 2 on each side, then 2 X 2 = 4. So, 2 squared
is 4. And likewise, 3 squared is 9, and 4 squared is 16. What
Fuller points out, however, is that triangles are simpler than
squares, because they’ve got 3 sides and not 4. And so actually,
when you raise a triangle to the first power you’ve got 1. When
you raise it to the second power -- that is, divide each of its
equal sides in half by two portions here -- when you do that to
each side and count up the number of sides, you’ve got 4. If you
divide each side into 3 -- count up all the pieces -- and you've
got 9. So, in terms of this triangling versus squaring, he says
the triangle is much simpler than the square. Therefore, if you
are going to use some sort of short version instead of ’'power,’
then it should be triangling versus squaring.

Now, that is for area. That’s in planes. Planes are really
only conceptual, and not so much experiential. You start looking
at the world where you’ve got cubing and volumes, he says the
same thing applies. You'’ve got a cube versus a tetrahedron, or
tetra. With a unit side of 1, 1 to the third power is 1. 2 to
the third power is 8. You do the same thing by crossing each of
these sides and counting up the number of little chunks that you
have. With the tetrahedron you get 8 just as you do with the
cube. The same applies right along. So, in mathematics this is

one example where what we are teaching is sort of the way to go



is probably not the most simple thing to start with.
Physics. When we move into physics, here’s a Fuller quote

(1’11 188 ¥ou look at that and mull over it for a moment).:

The mathematician’s purely imaginative points, lines, and
planes are non experienceable. They cannot be modified,
having no thickness, no breadth, and ergo neither insideness
nor outsideness. All imaging derives from experience.
Conceptually imaginable point, line, and plane experiences are
systems; that is, they have insideness, outsideness, and
angular constancy independent of size." (p. 119, Cosmography).
It really says quite a bit in the sense that what is experiential
is necessarily something which is a dimension that we have
actually contacted in the world. He is saying that a lot of the
things that we conceptualize both in mathematics and in physics
are really nonentities. That is, there is no such thing as a
solid, because no matter what you look at as "solid," if you look
at it very closely, there are electrons, the nucleus, and there
is mostly space in there. So, there is nothing really "solid."
Also, there are no straight lines that go on forever. So, in

physics a lot of the notions that we have are counter to what

appears to be so.

Axioms

Another type of problem that you run into is that you have a
lot of axioms that are assumed to be so. And we sort of take off
and build a system or some sort of way of manipulating other
things from that particular starting point. And Fuller’s belief
was that that is probably inappropriate. That is, he is really

9



empirical here, because he is saying these axioms do not mean a
whole lot, because we don’t know that they are right or not. The
way we can do it is go out into the world, find it, and then go
from there. And that essentially is what he did. So, no

"axioms" or "this is obvious" stuff. You’ve got to see it:

"What cannot be experimentally proven is called axiomatic by
geometricians and by mathematicians in general. Axiomatic
means to them "obvious" or "it has always been taken for
granted to be thus and so."

"Synergetics, on the other hand, deals only with
experimentally demonstratable phenomena." (p. 119,
Cosmography) .

Question from Hank Pennypacker: Steve, quick comment: Would you
see that as sort of his statement of the difference between

deduction and induction?

Graf: I think that is a good point. He didn’t use those terms,

but I think that is a very good point.

Pennypacker: Which ties closely to Skinner.

Graf: Yes it does.

Repercussions of Axioms

Now, what are the repercussions of some of these axioms and
the use of these axioms? Well, we are going through this pretty
quickly and I am not going to read this, but essentially here is
one of his criticisms of measuring systems. You can see he is

10



fairly strong in his language, while talking of volume:

"The vector-edged cube’s volume is the irrational number
3.5339+. This 3.5339+ cube is the vector-edged cube that
physics illogically, encumberingly, and slavishly uses and has
always used as the unit volume in the centimeter-gram-second
and XYZ-coordinate system of academia’s energetic mensuration.
Using its volume as the standard unit volume for the entire
hierarchy of primitive symmetric polyhedra makes them all
awkward, irrational values. The measuring system used by
business and industry and taught in every university science
department is thus a mishmash of awkward, cumbersome values.
Aesthetically inclined students are repelled by the
irregularity and disorder." (p. 60 Cosmography).

And, what essentially is his answer to that? Well, in
looking for a system which will somehow handle things the way
nature did, or a coordinate system which is sort of similar to
nature, he thought that synergetics was in fact that sort of
system. And he felt that one of the signs that we should see if
we find that sort of a system, that is, close to nature, is that
there shouldn’t be any of these irrational numbers when you are
calculating volumes and so forth, and imaginary numbers and so
forth. All of that is unnecessary because he doesn’t think we

see that in nature"

"Synergetics uses whole numbers, completely eliminating
all irrational, imaginary, and irresolvable numbers and
complex formulae. It is amazing that technology has been able
to produce what it has, considering the obstacle presented by
current scientific conventions in the field of geometry and
measurement. The scientific and academic establishment still
cowers in the Dark Ages imposed by human power structures many
centuries ago. The dawn of scientific civilization is yet at
hand." (p. 63, Cosmography).

Now, here’s a quick look at the cube where you have the unit

i1



edge and the unit diagonal, and then figuring the volume of some
of the polyhedrons versus the tetrahedron which he used as the
basic building block in looking at these various volumes if you
use that tetrahedron. So, here in effect is the notion in
actuality that you have available a much simpler system than the
one we seem to be locked into, because with the tetrahedron
rather than the cube then you’ve got a way of expressing volumes
in very simple terms. So, our entire scientific base of
measurement with the centimeter-gram-second in a cube, somewhere
in France in the Department of Standards, as the central building
block, is what we think is so, but really ma not be as far as
simplicity, parsimony, and actual empirical evidence.

Well, in synergetics then, Fuller was saying here’s the way
to go. So, Fuller built an entire synergetic geometry -- two
volumes. Unfortunately, I think his terminology sort of ran away
with him. Melinda was saying that she had heard Fuller as an
undergraduate, and loved to hear him talk, but it was very
difficult because two sentences into his talk, why he would kind
of run away and even though he was still interesting it was hard
to figure out what the heck he was talking about sometimes.

Reading Fuller, Synergetics in particular, is even more
difficult. And some of his other volumes are more readable, but
still one of his difficulties was in communication; getting these
principles across in a way which was simple; and in a way in
which other people could learn. So, why have a lot of advocates

of Fuller’s ideas? There are very few of those individuals who
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have actually turned around and tried to teach this using the

sorts of technological tools that we have available.

Models

One of the things that Fuller was a great believer in was
the notion of modeling. And his idea was that since he had been
born in 1895 at that point virtually everything was visible.
Very quickly, as technology multiplied in the 20th Century,
things became more and more invisible. So, virtually all of our
technology today involves components of invisibility. He called
this "ephemeralization." That is, sort of becoming less and less
visible. He believed, however, that in order to get children to
understand the principles of nature and principles of Universe,
what you had to do was make things visible. And he felt the way

to do that was use models.

"I have always found models quite useful in illustrating
apparently complex phenomena in nature. For instance, I have
found the models of synergetics, my system of geometry, quite
capable of illustrating such basic principles as quantum
mechanics, forth-dimensional forms, and complex motions and
phase transformations." (p. 19 Cosmography).

Demonstration of Models

And so his use of models and his building of models, and building

of artifacts that incorporated the principles, was in fact not

only the way he showed how the principles applied, but in his own

terms the way he discovered these principles to begin with. So, I

would like to take a look at some of these notions of models.
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We've passed around some of them that I’ve built or have
purchased, and we are going to take a look at these again. I
think you can see the difference between looking at something
like this which is essentially a picture in a book (2
dimensional), and actually looking at a model and holding onto a
model of that same thing.

Closest Packing of Spheres. Now, this is the closest

packing of spheres. And what it essentially involves is the
problem that if you’ve got one sphere, then how many other
spheres does it take of the same size to completely encompass
that particular sphere? Well, you can figure it out in this
model. The way you do it is just pack them up like that. And it
turns out that it takes 12. Well, that is what this [model] is
trying to show. But notice how much clearer it is when you can
actually hold onto it, and see this type of relationship.
Jitterbug. The other thing which is interesting is, is this
particular problem of what is called closest packing of spheres,
also has some other features and repercussions. And that is that
it turns out that this particular figure which Fuller called the
"jitterbug" is a representation of that closest packing of
spheres. Now, how does that work? Well, if you imagine a sphere
in the center and you imagine a sphere whose centerpoint is each
one of these vertices, then that is this is the model for that
closest packing of spheres. And it has universality, in that
there are only 12 spheres that will fit around 1 regardless of

the size of the spheres.
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Vector Equilibrium. There is another principle with the

model that can be seen from a little bit different version of it,
and that’s this with the same outer core here. But now we’'re
running a diameter across from vertex to vertex through the
center. Now, this is constructed with straws. All of these
straws are approximately equal length. So you can see that each
of these little units is equal; just as each of these units is
equal. What I am saying is, is that these gold units going into
the inside are also equal. So, this particular figure, which he
called the vector equilibrium, or VE for short, has the
characteristic that from this one center point each of these
vertices is an equal distance away. Which is demonstrated: We
can see that because there is a gold straw coming out to each of
those vertices. And what’s the notion of usefulness of that
particular notion? Well, it lockR as if, according to Fuller,
this is the type of way in which structure goes in Universe.
That is, that if you look at very simple structures such as the
tetrahedron -- very stable -- and you fit it in, then it will fit
right into here. And you can fit a number of these right into
here. In fact, with this figure and with this figure which is a
square=based pyramid and this tetrahedron you can build the
vector equilibrium. So, these simple structures make this
complex structure. These parts, in other words, seem to be the
way Universe is put together.

Bucky Balls. Now Fuller was talking about all of this using

these models saying these things, and of course some people were
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paying attention and some people weren’t. Well, interestingly,
some of the things that he said were, after he said them,
discovered with the electron microscope. So, a lot of what he
conjectured, or what a lot of people took for conjecture, was
actually later demonstrated in actuality. And even though Fuller
died in 1983, since then they have discovered, and perhaps some
of you have seen it in the news, things like, well, these are
carbon compounds which heretofore had been undiscovered. And
they called them buckminsterfullerenes. That is, they named this
element in honor of Fuller because when you look at them with the
microscope what you see sort of takes on the characteristics of a
little geodesic dome. And Fuller had in fact described these in
his models quite a few years before they were discovered. Those
have also been called "Bucky Balls." And there appears to be a
great deal of potential future in that realm of research. How
many are familiar at all with "Bucky Balls"? Without going into
it, there’s a possibility that bad electric car batteries, for
example, can be made as efficient as we need to make them to
operate machinery by batteries. That is still down the road, but
a lot of great possibilities. So, I guess, back tying that into
what I am saying is if we want to understand that technology we
had better get on the ball as far as better get on the VE as far
as understanding what it is all about, and teaching that to the
next generation so they can have a better chance of understanding
that.

Tensegrity. There is also a number of other principles such

16



as tensegrity. This is a model that hangs in a bank in Dayton
that is approximated in a much simpler form. This is a
tetrahedron in a tensegrity shape. Now, "tensegrity" was
"tension" and "integrity" combined by Fuller, and really
illustrates the other principles that essentially the 2 forces of
tension on the one hand and compression on the other hand. He
said that almost all architecture is built using principles of
compression. So you get heavier and heavier stuff and then there
are limits. If you use tension along with compression then you
can widely expand what you can build. And that’s the underlying
principle behind the geodesic domes.

With each of these models there are really a number of other
demonstrations. I hope all of you have had a chance to go
through the realm of some of the things I’'ve been working with.

I have found it much easier to understand Fuller when you are
working with the models. One of his principal points is, is that
this cube, which is the basis of our architecture, is not the
most stable of structures. Not particularly when compared to the
tetrahedron. So the tetrahedron, if you drop it, it still
retains its shape; much more structurally rigid. The cube -- how
do you keep it? How do you even live in buildings? Well, they
do get blown down by Andrew and blowing hurricanes as well. but
what we try to do is shore them up with triangling --
triangulation -- beams in there. 1It’s still not the best way to
build architecture.

These are also interesting in that if you notice these are
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vector equilibriums as well, or vector equilibria, taken by
making a circle or taking 4 circles and dividing them into 6, and
then simply clipping it together with bobby pins. Now, I don’'t
know if you noticed, but the are really quite ballistic, and even
though these were done by a six-year-old they still demonstrate a
lot of the tensional integrity when you clip those bobby pins
together and actually put them in. These are little bow ties, in
other words. If we take this apart (well, I'm not going to be
able to do that since we painted over them). But taking these
apart: You take 4 circles, fold them into 6, making a little bow
tie out of it, and then clip them together. Then you have this

particular model.

Carl Binder: Those colors make it pretty clear.

Graf: Yeah.

Dimensions. And the colors also make clear another point,
which I'd like to sort of wrap up with. And that is that Fuller
claims that what we have gotten out of our 3 dimensional cubical
notion of the way to measure is all wrong. There’s actually 4
dimensions in what we’re claiming is just 3. And those 4
dimensions are the 4 dimensions that would run through the face
of each of the sides of the tetrahedron. So that if you try to
stabilize an object, it takes these 4 dimensions. That is, if

you have a little ball and you have some string on that ball,
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well with just 1 string on the ball it’s obviously not
stabilized. With 1 on each side you can still twirl it around.
You’ve got to take 4 different directions -- a vector going in
each of these in opposite directions off of these 4 -- so 8
vectors in all, to stabilize an object in space. And that’s 4
dimensions, and that can be done. But those 4 dimensions can
also be represented by following around the vector equilibrium
with one of these colors around the circle. So this [gold] is
one dimension; two dimensions is red; three dimension is white;
four dimension is blue. That’s 4 dimensions and that’s what
Fuller says is the way nature works with space.

Historical Note. To wrap things up, John Eshleman handed me

just before we started today some of the studies he’s been
interested in. These are time lags between Chinese discoveries
and the actual so-called invention or adoption of those
discoveries in Europe. Here is when the Chinese invented it, the
time lag, and when it hit Europe. So, that as you can see we
have got a long history of these particular instances both in
mathematics, physical sciences, and so forth of this whole notion
of what we think is so or working on one assumption, and then
seeing that at some later point that that’s not in fact the way

things were.

Summary
The title of this talk is really something that I picked up

from a talk by Ogden Lindsley a number of years ago. He was

e,



quoting Ambrose Bierce, and the notion went originally something
like, "It ain’t what we don’t know that gets us in trouble. 1It’s
what we think we know that ain’t so." And with that particular
quote there I think it is appropriate today to look at the sorts
of things that we as technologists, with high technology at our
disposal, what can we do in the future to teach some of these
principles, and correct this problem of the sorts of things that
we think we know that aren’t really so. Obviously, Buckminster
Fuller and this particular example is just one case in point.
There are probably others out there as well. This is my
particular interest. I hope today that what I’ve been able to do
through this sharing is give you some ideas or at least a little
bit of awareness of some of these others and this particular idea

for your own edification.

Sources
Here are some suggested sources:
Buckminster Fuller Institute
1743 S. La Ciegna Blvd.
Los Angeles, CA 90035
(310) 837-7710 FAX: (310) 837-7715
The Buckminster Fuller Institute carries a lot of his materials.
There’s a book that came out this year, even nine years after his
death, which I have been sort of pulling together over this last
year to put into as Dick Malott says, "plain English," some of
the things that Fuller was trying to say (Cosmography, by R.
Buckminster Fuller, 1992). There also are a number of toys --

educational toys -- which are on the market. This is called the
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"tensegritoy." I found it very well done. It has a number of
struts and little rubber bands tied to them, and then models for
making a number of these structures -- very, very fun to do, easy
to do, but difficult to see what they are all about until you
actually get working with them. Again, just looking at the
picture of it doesn’t do it justice. There are a number of
things that you can do just on your own. This is one that we put
together. The one that we’re looking at here is a professionally
done one. Thus what appears to be the difference is if you get
surgical tubing then it’s much better to punch holes through that
this more inflexible tubing that we used. Also virtually all of
those models that I did were constructed simply out of straws;
taking straws and hairpins and putting them together gives you by
yourself, or you and your spouse, or you and your children a lot
of fun together in sort of putting together these models.

Thank you very much

Question & Answer Session
Question: I was trying to put it in context of this particular
strand, and also what Carl was talking about. You mentioned that
Fuller had trouble communicating and the issue was promoting
behavior analysis, it seems like you’re almost moving in an
opposite direction to what Carl was saying we need to
communicated in what we {inaudible} think of as phenomenal
language or language of appearances rather than the language of

reality, which is where the difficulty of sitting down across the
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kitchen table to explain things. Would you like to comment on

that or maybe Carl?

Graf: Yeah, let’s get Carl’s.

Binder: Well, my only thoughts are that it would be useful first
to understand this stuff before we figure out how to communicate
it. That’s what I would think that Steve is doing. He's
introducing something to us which perhaps some of us have had
some contact with, but maybe never took time to really pay
attention, and if we can figure it out then maybe we can figure
out the Plain English versus what have you. I mean that’s the
only though I have. This is a resource which maybe will be
useful. Besides which they’ve done a nice job of marketing
products here. They’ve packaged it well. I don’'t know, I’'m not

sure beyond that.

John Eshleman: So, basically what Fuller’s saying then is that we
don’t really have or don’t exist in a 3 dimensional world with 90
degrees up and 90 degrees this way and 90 degrees that way. Is
that what he’s kind of saying with the "4 dimensions" kind of

thing?

Graf: Right. And interestingly, he that the Euclideans seem to
be the people who locked us into it. At that particular point it

was thought to be a flat Earth. So, East and West went on
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forever. North and South went on forever. And you didn’t know
how far high it was to Heaven or how far down below you could go,
but those were the three directions. They used those with their
scribes, their measuring instruments, and we’ve sort of been
stuck with that. Also, interestingly, the Phoenicians some
thousand years before that had actually used a spherical

geometry, but that didn’t catch on for one reason or another.

John Eshleman: Isn’t there some evidence that the Phoenicians
and maybe even the Polynesians circumnavigated the Earth back
around the time of Eratosthenes, and those kinds of people we

don’t really know too much about in our history.

Graf: Yes, in Critical Path, another one of Fuller’s works, he
speculates based on using the notion of one world in one world
ocean how mankind probably started in Polynesia rather than the
Euphrates basin. So, he’s got his own speculative prehistory
which he seems to think is maybe empirically understandable than

some of the other cases that have been made for history.

Dick Malott: How was that book by Amy Edmonds for explanation?

Graf: Difficult. So, she worked with Fuller very closely, but

again.

Dick Malott: What about Bucky for Beginners?
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Graf: This is the Cosmography. And this is the Fuller
explanation by Edmonds. As you say now, Dick, it’s still
difficult reading. Synergetics and Synergetics 2 are very, Very
difficult. But the real starting point I think is Bucky for
Beginners. A lot of these models were based on that particular

book.

Dick Malott: What was the name?

Graf: Bucky for Beginners -- Mary Laycock. Still in all, it’s
really only a shell of what would be possible given some of our
technology for setting up instructional materials. And so that’s
probably the best available but by no means is it anywhere where
it should be if we’ve really serious about communicating these

concepts ultimately to children.

END OF FILE
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Bucky Fuller,

Behavior Analysis in Education and

Things We Think We Know Which Aren’t So

Stephen A. Graf

Youngstown State University

19 Sp 1992 Ohio State University Behavior Analysis in Education Conference

As behavior analysts in education, we use tools , powerful tools, to assist in
achieving outcomes with students. At the root of any educational system, however,
lies the assumption that what one is teaching reflects the most appropriate model of
the way things appear to be. By appropriate model, we usually mean that it
conforms to scientific attitudes such as parsimony, empiricism, and determinism.

What I suggest to you today questions the appropriateness of some of our current
models and the assumptions behind those models. We are faced with the following
questions: Does the model make any difference? Why consider switching if the
current models can somehow handle the data? I will suggest that the paths of choice
distinguish data-based, empirical parsimonious science from tradition-based,
ritualistic political irrational pseudoscience. Which path should we choose in the
application of behavioral principles to educate our youth?

Virtually all of what I have to say has been drawn from the work of R. Buckminster
Fuller (1895-1983). There’s a wide continuum of experiencefor individuals and
some may have read and studied Fuller extensively and others may have never
heard the name before to their recollection. Bucky Fuller contemplated ending his
life at age 32 in 1927 on the shore of Lake Michigan. He decided to become a
human guiena pig, seeing what one human could accomplish if one devoted one’s
life to the benefit of humanity. That sounds like a lofty, idealistic, unrealistic way to
live one’s life, particularly since it meant not “earning a living with a job”. The fact
that he did achieve fame and greatness utilizing such a philosophy represents a story
in itself, but the critical feature to note stems from the model of the “trim-tab”, that
small area on the rudder of sea and aircraft which ultimately results in changing the
course of the ship.

Fuller’s accomplishments included the geodesic dome, the dymaxion car, dymaxion
house, and dymaxion map, the World Game, the octet truss, the coining of the term
“Spaceship Earth” and synergetics, or synergetic geometry. All are examples of
“Artifacts”: any participation using the principles of nature to reassociate the
principles for a specific purpose. Solve problems by artifacts. Reform the
environment rather than trying to reform human behaviors. (C8)

“Anticipatory Design Science” or Comprehensive ADS (C18)

Okay, let’s lay out the main points of the argument. First I'll state the problem and
then look into actual examples.
PART OF THE CHALLENGE IS TO PRESENT FULLER’S CONCEPTS IN AN
UNDERSTANDABLE WAY...virtually necessitates models
What we think we know
Summing up
See original proposal; cut and paste
Superior instructional technology available for education with Behavior Analysis
Assumes appropriateness of specialty being taught
Handwriting
Measurement
Language Usage



Mathematics

Physics

Geometry

Synergetics
Comprehensive AnticipatoryDesign Science

comprehensiveness vs specialty
Language Usage
Sun rises; Sun sets [sunsight; sunclipse]
Up; Down [ in, out, around]
Mathematics

Squaring vs. Triangling
Models of square and triangle
“Every square consists of two triangles. Therefore, “triangling” is twice
as efficient as “squaring.” This is what nature does because the triangle
is the only structure. If we wish to learn how nature always operates in
the most economical ways, we must give up “squaring” and learn to say

“triangling,” or use the more generahzed powering.”” (S602)

See transparency

Cubing vs. Tetrahedroning
There is no inherently self-forming cubical structure occurring as a
primitive polyhedron in nature (C146)
Models of cube and tetrahedron
See transparency

Experience has disclosed:
no solids, no straight lines, no continua, no parallels, no Greek spheres,
no up and down, no absolute state of rest

Physics
There are things, no solids—only events—and no events touch other events in
Universe.
Universe is cohered, formed, and transformed only tensionally,
repulsively, electromagnetically, and gravitationally. (C66)
Lines cannot go through the some point at the same time. The
consequence can be pictured as follows:
tangential avoidance (straws)
modulated noninterference (machine gun through propeller
blades)
reflection (bounce of ball off surface)
refraction (eyeglasses)
smash-up (atom smasher)
minimum knot or critical proximity interference pattern (C120
f6.1)
Geometry

3 dimensions vs. 4 dimensions
Simplest structural system in Universe
Also minimum system = tetrahedron (four vertexion)
MODELS: paper & straw
Cartesian Coordinate model of space
Euclidean geometers misassumed that our world surface was a
plane, infinitely extended in all lateral directions, with Earth the
center of the Universe around which Sun, Moon, and stars
revolve.
A thousand years earlier the Babylonians had been using
all finite spherical-system geometry and trigonometry



Euclidean conception of cubically arrayed space
produces what has since been known as the XYZ frame
of reference. All run to infinity
vertical Y plane runs north and south
Z planes run east and west
X plane up and down
Alternate seems to be so: All systems are finite
“We cannot have a surface enclosing nothing. A surface
is an outside, which inherently requires an inside. To
produce an experiential model with an insidedness and
outsidedness requires four vertexes; that is, the model
must be at minimum a tetrahedron. Such a division of
insidedness and outsidedness constitutes a system.
Anything less is inconceivable.” (C119)
Four-dimensional geometry difficult to model (when attached to
right angle)
What seems to be so
4-dimensions modeled with ease (with
tetrahedron, 4 dimensions are ordinary
not exotic
There are no perfect spheres, only polyhedra with many, many sides (C122)
Octahedra and tetrahedra together can fill all of space in a ratio of
12
Chemistry: Different permutations of the four models called
Modulera Crystal Building Blocks produce models of about
80% of all inorganic crystals (Arthur Loeb S863)
cubes vs. the vector equilibrium
900 vs. 600 angles
Area and Volume
irrational numbers vs. multiples
“Using (the cube’s) volume as the standard unit volume for the
entire hierarchy of primitive symmetric polyhedra makes them all
awkward, irrational values. The measuring system used by
business and industry and taught in every university science
department is thus a mishmash of awkward, cumbersome
values.” (C60)
“Synergetics uses whole numbers, completely eliminating all
irrational, imaginary, and irresolvable numbers and complex
formulae. It is amazing that technology has been able to produce
what it has, considering the obstacle presented by current
scientific conventions in the field of geometry and
measurement.”
Cube and square as universal units of volumetric & area measurements
“The experimentally founded mathematics that I call synergetics will
disclose the geometry that we ought to be teaching our children.
Synergetic geometry is the earliest systemization of the emerging
information about nature’s own most-economical coordinate system and
the universal design principles that govern it.” (C118)
“What cannot be experimentally proven is called axiomatic by
geometricians and by mathematicians in general. Axiomatic means to
them ‘obvious’ or ‘it has always been taken for granted to be thus and
so.” Synergetics, on the other hand, deals only with experientially
demonstrable phenomena.” (C119)
Name Surface Area Volume



Cube 6 1

Tetrahedron 7421 SRS,
Octahedron 3.4641 4714
Dodecahedron 20.6457 7.6631
Icosahedron 8.6603 2.1813
Tetrahedral math (length of tetra edge = 1 unit)
Name Surface area Volume
Cube 1.01387 3
Tetrahedron 4 It
Octahedron 8 4
Rh.Dodecahedron 6
VE 20

Planck’s constant vs. no adjustment needed
What can we do?
artificial vs. nature’s own
Doing more with less
Inadequacy of life support assumption
Earn a living assumption
Ephemeralization
Nature’s coordinate system
Teach it to our children
comprehend what academic science has made
incomprehensible
models for understanding
models (C19)
“I have found the models of synergetics, my system of
geometry, quite capable of illustrating such basic
principles as quantum mechanics, fourth-dimensional
forms, and complex motions and phase
transformations.” (C19)
precession (C17)
teach our children
models
a word about fluency
behavior analysis in education
employ the principles
create artifacts
Geodesic domes
relative size advantage not discussed in academic world
(C14)
link to future technology
Buckyballs
Car batteries to replace fossil fuels
Suggested Sources
Cosmography (C)
Bucky for Beginners (BFB)
A Fuller Explanation (AFE)
Synergetics (S)
Buckminster Fuller Institute
1743 S. La Cienga Blvd., Los Angeles, CA 90035
(310) 837-7710; FAX (310) 837-7715
Mail order catalog: books, educational materials, maps
Not covered in this talk
Fuller’s distinction between Brain & Mind (p4 C)



Superior instructional technology available for education with
Behavior Analysis

Assumes appropriateness of specialty being taught

Challenging some assumptions
Handwriting
Measurement
Language Usage
Mathematics
Physics
Geometry

Suggesting some futures

Synergetics
Comprehensive Anticipatory Design Science



Cubing vs Tetrahedoning

Triangling vs Squaring
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Suggested Sources

Buckminster Fuller Institute
1743 S. La Cienga Blvd., Los Angeles, CA 90035

(310) 837-7710; FAX (310) 837-7715
Mail order catalog: books, educational materials, maps

Cosmography (1992) by B. Fuller with Kiyoshi Kuromiya
Bucky for Beginners (1984) by Mary Laycock

A Fuller Explanation (1987) by Amy Edmondson
Synergetics (1975,1982) by B. Fuller with E.J. Applewhite



“What cannot be experimentally proven 1s
called axiomatic by geometricians and by
mathematicians in general. Axiomatic
means to them ‘obvious’ or ‘it has always
been taken for granted to be thus and so.’
Synergetics, on the other hand, deals only
with experientially demonstrable
phenomena.”

—Bucky Fuller

(Cosmography, pl119)



Volume Ratios

Polyhedron Taken as Unit of Volume

Cube Tetrahedron
Unit Edge  Unit Diagonal

Polyhedron Measured

Tetrahedron 1179 ke 5,050,

Octahedron 4714 1:3355
Cube (unit diagonal) . 3536 1
Rhombic Dodecahedron 707 1 2

SO\ W HA =

VE 28570 6.6000 2



“I have tfound the models of synergetics,
my system of geometry, quite capable of
illustrating such basic principles as
quantum mechanics, fourth-dimensional
forms, and complex motions and phase
transtformations.”

—Bucky Fuller

(Cosmography, p19)



“The experimentally founded mathematics
that I call synergetics will disclose the
geometry that we ought to be teaching our
children. Synergetic geometry is the
earliest systemization of the emerging
information about nature’s own most-
economical coordinate system and the
universal design principles that govern it.
—Bucky Fuller

(Cosmography, p118)
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“Synergetics uses whole numbers,
completely eliminating all irrational,
imaginary, and irresolvable numbers and
complex formulae. It 1s amazing that
technology has been able to produce what
it has, considering the obstacle presented
by current scientific conventions in the
field of geometry and measurement.”
—Bucky Fuller

(Cosmography, p63)



“Using (the cube’s) volume as the
standard unit volume for the entire
hierarchy of primitive symmetric
polyhedra makes them all awkward,
irrational values. The measuring system
used by business and industry and taught
in every university science department is
thus a mishmash of awkward,
cumbersome values.”

—Bucky Fuller

(Cosmography, p60)



“We cannot have a surface enclosing
nothing. A surface is an outside, which
inherently requires an inside. To produce
an experiential model with an insidedness
and outsidedness requires four vertexes;
that 1s, the model must be at minimum a
tetrahedron. Such a division of
insidedness and outsidedness constitutes a
system. Anything less 1s inconceivable.”
—Bucky Fuller

(Cosmography, pl119)
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How the Comprehensive Design Science of Buckminster Fuller can be
Applied to Behavior Analysis
John W. Eshleman, Ed.D.
October: 27, 1992

Based on a Telephone Conversation with Dr. Stephen A. Graf held
on Monday October 26, 1992.

World Game. The concept of World Game challenges and combats the
false Malthusian assumptions about world resources and world
energy. This relates to the behavioral idea of "saving the
world." This relates to the sources of information (verbal
stimuli) that operate via macrocontingencies to select the
content of what verbal communities reinforce and punish.

Mistacts. Tacts are verbal behavior under control of non verbal
stimuli; e.g., events in natural Universe. Our verbal behavior
is replete with mistacts, which are incorrect apprehensions of
the structure and operation of Universe. For example, we say
"sunrise" instead of "sunsight," which would be more accurate
since the sun does not rise. Also, outward and inward are truer
tacts than the mistacts of "up' &hd "down."

False Intraverbals. Intraverbals are verbal behavior under the
control of verbal stimuli. They can be echoics, duplics, codics,
or sequelics. Essentially, the verbal stimuli are those that are
replicated within and between verbal communities across time.
False verbal stimuli thus can get taught and can occasion verbal
responses that repeat the false verbal stimuli or responses to
them.

Generalists vs. Specialists. We teach people to become
specialists, when in fact humans are born generalists; we are
learning beings; we excel in learning. To the extent that
measurably superior instructional systems (i.e., behavioral
instruction) is deployed it has yet to be arrayed to teach people
a full gamut of responses to verbal and non-verbal stimuli. 1In
other words, it is not arranged to produce generalists.

Shaping as Vectored Precession. Shaping is called the "method of
successive approximations." Approximations to some target
behavior are variations of an operant that are selectively
reinforced. It may be useful to apply Fuller’s notion of vectors
and precession to the shaping operation, because it is not so
much successive approximations as response variations that are
vectored toward a target behavior. In that sense, the vectors of

1



the response variations are conceptually equivalent to a 90
degree precession away from the unselected variations of the
response. Shaping is cybernetic ("steered") in that wvariations
along the vector are reinforced whereas variations deviating from
the vector are not reinforced. A vector is a particular course;
responses that are "on course" are reinforced. The response
variations are selected with respect to where the along the
vectored course the shaping process happens to be.
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Thank you for your important contributions to our efforts at
Ohio State to train competent behavior analysts for
leadership positions in education. Your participation in the
teleconference seminar adds a tremendous dimension to our
doctoral program and is greatly appreciated by students and
faculty.

As you can see from the enclosed materials, we're hosting a
Conference on Behavior Analysis in Education this September.
The current national focus on education offers an excellent
opportunity for behavior analysis to promote and advance its
technology of instruction. Some of you presented at the
first Ohio State Conference in 1982. My colleagues and I
hope each of you will consider presenting your most recent
research and thinking on educational practice in Columbus
this Fall. In addition to asking that you spread the word
about the Conference in your area, we'd also appreciate
hearing any ideas you have for ways the Conference can be
used as a forum to disseminate behavioral methods to the
education establishment.

Thanks again for sharing your expertise with the Ohio State
ABA program. We look forward to seeing you in San Francisco.
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