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Schools can use computers more
effectively by assigning them a

primary role in delivery of
instruction and by applying |
sound educational theory
in software design.

JOHN HENRY MARTIN

chools as social institutions have
S an Organic iikf..' l_'.'l[J\IL'II\' O ngest
and convert technology to insti

tutional purposes, often with severe
consequences to the media's effective
ness with students. Since 1900 schools
have absorbed typewriters, motion
pictures, radio, television, language
laboratories, teaching machines, and a
lesser group of visual aids such as
overhead projectors, tape recorders,
and filmstrips. In the last five years the
(.‘!'In'lplﬂl.‘r 45 dn I[]\Tl'lI(Tlt)[!.lI Li('\'ll e
has been added to that long list, and |
signs are growing that it may suffer the
same fate

We need to analyze the reasons for
this seeming imperviousness and de
termine how schools can take full
advantage of the extraordinary power
of this new technology, which in many
ways incorporates all the others

It is important to recognize that the
potential value of a new technology 1s
no guarantee that it will be realized
Thomas Edison wrote in 1897 that his
motion picture machine would elimi-
nate the need for books. In the 1920s
David Sarnoff thought radio would
bring about radical changes in school
ing. The Ford Foundation spent mil
lions promoting educational televi
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sion. Paradoxically, while motion
pictures, radio, and television have
become giant industries with massive
effects on our cultre, their contribu-
tion to teaching and learning has been
minimal.

Reasons for Resistance

The minor impediments to effective
use of technology in schools are easy
to isolate: the high cost of equipment,
the need for training, the lack of fit
between new and existing materials,
and burdensome logistical problems,
including storage, availability, and
safety. The strongest institutional fac-
tor, however, is the almost universal
assumption that technology is only a
supplement to the teacher and the text
The concept that films, radio, televi-
sion, or computers might serve as a
primary delivery agent for instruction
seems rarely to have survived beyond
the inflated rhetoric of a technology's
earliest days.

In keeping with this conception of
technology we have catalogs of avail-
able films and videocassettes carefully
listing their linkage to parts of the
existing curriculum in a wide variety
of subjects. These topical segments are
tvpically confined to a 40-minute or
less exercise. Usage is intermittent,
idiosyncratic to the teacher, and
locked into the purposes and content
of existing courses of study. In other
words, the manner in which the tech-
nology has been used by the schools
has predestined it to perform only a
minor and subordinated role

These limitung factors, inherent 1o
the nature of schools, have been aug-
mented by systems of belief derived
from the perceived nature of comput-
ers. When designing software for busi-
ness use, the common practice has
been to analyze precomputer proce-
dures, convert the analysis into a flow
chart design, enhance the original pro-
cedures by virtue of the speed and
data handling capacity of the comput-
er, and then program that design into
the computer

Svstems engineers turned from this
business model to the world of educa-
tion naively expecting to find the rela-
uvely well-defined practices used in
business paralleled by equally specific

procedures in the educational world.
Unfortunately, the aspect of instruc-
tion most easily adapted to computer
delivery was the drill-and-practice
workbook. The few programmers who
turned to learning theory found little
agreement and much fragmentation.
Only Skinner seemed to have an orga-
nized, readily adaptable schema. The
results of this approach were indistin-
guishable from drill-and-practice exer-
cises in print, although their poor
quality was partially camouflaged by
the dynamic appeal of the computer to
students.

Another factor contributing to un-
imaginative educational software has
been the inherent power of the com-
puter to perform functions that appeal
to the institutional needs of schools
for recording test results and tracking
student progress. These necessary
bookkeeping functions of the school
are part of a well-designed structure of
learning, but they constitute the frame,
not the picture.

To make maners worse, the extraor-
dinary rise and fall of computer games
induced designers of educational soft-
ware (o add a laver of game-like char-
acteristics 0 many of their drills.
Clearly, the natural appeal of games
should not be ignored; integrating
game theory with the contenmt and
skills to be taught has a svnergistic
effect. Chance and risk, along with
graphic evidence of growing skill per-
ceived by the participant, are strong
reinforcers. Challenge and humor can
be effective lubricants to learning
Nevertheless, covering the stale bread
of dull materials with a confection of
gaming has not made an educational
cake.

Another consequence of the hard-
ware-dominated view of educational
software has been the more than 20-
vear effort to produce course-author-
ing programs. The hope was to give
“authors” all the computer routines,
visuals, screen formatting, and student
management protocols needed to con-
struct a computer learning program in
any subject. From the first crude ef-
forts pioneered by IBM in 1964 to the
increasingly more subtle and dexter-
ous systems now available, the results
have been mixed. There has been a

steady growth in the sophistication of
the routines available to users. Howev-
er, the approach has restricted the
creativity of designers by forcing them
to conform to the programs’ built-in
psychological concepts, which with
rare exceptions remain unnecessarily
primitive.

Sadly, course authoring programs
have encouraged the shallow notion
that every user of such a system could
be an educational software developer.
In some respects promulgation of
such programs has been like the me-
dieval search for the alchemist's stone:
focusing our atention on the wrong
chemistry of learning. Rather than lim-
iting the design of software in this way,
we should have been exploring the
implications of more ambitious con-
ceptions of the learning process.

Toward Theory-Compatible
Software

There is too little space here for a full
exposition of how each learning the-
ory fragment we have can be engi-
neered into software designs. In the
interest of clarity, however, and be-
cause the need is urgent, 1 will de-
scribe one such design resulting from
synthesis of an observation by Piaget
with a separate thesis advanced by
Bruner.

Piaget wrote of children’s efforts to
impose their pre-existing 'cognitive
structures” on their environment. If
they succeed, he said, they will revise
those structures. Bruner sharpened
our awareness of how learning could
be facilitated when, 25 vears ago, he
recommended that curriculum de-
signers bring out the essential intellec-
tual structure of the subject 10 be
studied.

Taken separately or together, these
generalizations are not readily trans-
muted into designs for the improve-
ment of learning. Bruner's intellectual
designs can be too deceptively simple,
as well as too deeply embedded, for
all but the best of scholars to discern.
Piaget's “cognitive structures” are not
visible; they can only be inferred from
careful observation of repeated pat-
terns of behavior.

With patience and insight, however,
these patterns can be detected—and
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applied in the design of educational
software. For example, kindergarten
and nursery school age children will
repeatedly pile similar items into a
teetering column, which eventually
collapses. Eventually the child will ac-
cept a horizontal row as a satisfying
result, constructing teaspoon paths
across the kitchen and plastic road-
ways around the classroom.This pro-
pensity to “line things up” seems to be
an ourward manifestation of an inner

Bruner's thesis required that for our
purpose (helping children learn to
write and read) we needed to look for
the intellectual design fundamental to
that task. Specifically, English words
are written in an alphabetical code that
is read from left 1o right, with each
lener or lener combination represent-
ing the exact sequence of sounds
made in speaking those words. This
lining up of lewer symbols for the
sounds of speech can be linked to
children’s tendency to line up physical
objects. What was required of the com-
puter exercises was to help children
make closure: to "see” (frequently at
the level of cognition but often at a
subliminal level of awareness) a match
between their disposition to line up
teaspoons and the lining up of letters
in a word.

The IBM computer-centered "Writ-
ing to Read” system embodies this
design. We show a drawing of a cat on
the computer screen, use digitized
speech to ask the child to say “cat,”
and then bring the word car 1o the
screen. Next we remove the drawing
and put the word back on center
screen. The lenter ¢ is moved slowly to
the upper edge of the screen, then
letter @ is moved to the upper left
corner of the screen, and the leuer ¢ 1o
the lower edge, so that the three let-
ters are in alphabetical order. The
computer asks the child to say “cat”
again and, as though responding to the
child's command, the leuer-sound
symbols march in appropriate order,
one by one, to line-up as the word cat.

I have provided this example to
illustrate the architecture of one edu-
cational design resulting from the en-
gineering of learning theory into edu-
cational sofrware. This particular

architectural design is generic to
learning and can be used again and
again in constructing educational soft-
ware. For example, the human heart
can be shown in graphic simplification
as a four-chambered pump with entry
and exit tubes in appropriate valves.
The flow of blood into one auricle,
squeezed into the ventricle, then into
the lungs for oxygenation, returning to
the second auricle, and eventually ex-
iting as fresh arterial blood is once
again a sequencing: a "lining up" cog-
nitive structure. Such a graphic, ac-
companied by a soundtrack recorded
from a stethoscope synchronized with
the moving chart of an electrocardio-
gram, should unquestionably foster
learning about cardiac functions. The
same architectural design can produce
superior computer-based programs to
train automobile mechanics to under-
stand the function and repair of carbu-
retors.

This software design seeks to match
the patterns of thinking already pre-
sent to simulate the patterns of struc-
ture and movement inherent in the
object of study. We need to recognize
that this conscious effort of the learner
will be augmented by "complex pro-
cesses which take place below the
conscious level of the mind-processes
which permeate the way we think but
of which we are unaware” (Hofstadter
1980, p. 569).

Creative software must also accom-
modate different types of learners.
With some children we can see the
eureka phenomenon: the flash of in-
sight that reveals sudden understand-
ing. With others comprehension
seems to result from slower incremen-
tal growth: a process whose elemental
parts learners cannot fully articulate,
but whose functioning they can dem-
onstrate. For them learning seems to
occur through slower subliminal un-
derstanding. We are tongue-tied, for
instance, trying to describe how we tie
a bow-knot on a shoe, yet our fingers
move with the unconscious dexterity
of complete mastery.

The Threat and the Promise

The evidence is growing that schools
are becoming increasingly disenchant-
ed with the sad condition of present

software (Dronka 1985, Tucker 1985).
Teachers aware of the rise and fall of
educational fads from modern math
and science, to the open classroom, to
teaching machines, language labora-
tories, and television have learned a
healthy skepticism that is beginning to
surface toward the computer as an
instructional tool.

Al the same time, new develop-
ments in technology are making the
promise of computer-based education
even more exciting. Expert systems
will soon expand the power of com-
puters exponentially even as scientists
continue to home in on the intricacies
of the human brain. These forces are
likely to converge and culminate in an
artificial intelligence that will bring an
extraordinary increase in the power of
educational technology. And as indus-
trial trainers rapidly adopt the comput-
er-controlled videodisc, schools will
be challenged to make imaginative use
of this highly flexible learning technol-

While these new imperatives may
override many of the obstacles and
errors [ have described, history tells us
that the growth in capabilities of the
technology will not by itself assure a
corresponding increase in the sophis-
tication of our crucially important pro-
fessional knowledge. If schools are not
to become poverty-bound nonpartici-
pants in another sweeping change, we
need to press on toward higher quality
software that creatively and richly ap-
plies the fragments of learning theory
that we already possess.[]
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