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Abstract

This paper discusses btoth instructional and
equipment considerations in the design of the stu-
dent machine interface, {.e., the point of contact
of a learner with an educ .tional system display.
Instructional aspects are considerec with respect
to the requirements for the individualization of
the learning environment, the sequenciny of in-
structional steps, and non-expository instruction
which allows the learner to directly manipulate
elements of a subject matter. The display re-
quirements of interfaces are influenced not only
by human engineering considerations but also by
aspects of sensory inputs that facilitate or in-
hibit learning. Response requircments must con-
sider response detectability, degree of simulation,
and learner response capability. Response feed-
back imposes demands for immediately responsive
displays with short latencies between learner re-
sponse and feedback.

Equipment considerations explore the develop-
ment of new devices and the adaptation of existing
techniques in order to provide better interfaces
between the student and his subject matter. De-
vices and techniques for meeting the behavioral
requirements of the instructional interface are
discussed, and methods for eliminating auxiliary
interfering tasks associated with tle operation of
the devices are indicated.

Introduction

In the design of new educational systems {it
1s necessary to consider the way in which subject
matter is displayed to the student and the means
by which he can respond to it. Despite all the
service that printed materials and traditional
audio-visual aids have provided, it 1s appropriate
in the light of present behavioral science and en-
gineering technology to examirie new possibilities
for providing interaction between the student and
his subject matter environment. In engineering,
the term "man-machine interface" has been used to
describe the "surface" by which a human comes into
contact with a machine. In engineering psychol-
ogy, much work has gone into the study of the dis-
play and response characteristics required in a
system to provide an optimal man-machine unit.

The purpose of this paper is similar to this in
that it examines the student-machine interface in
an instructional system. In conirast to other
mari-machine systems, an instructional system is

uniquely designed to educate and hence to change
the behavior of a human with respect to some body
of knowledge; as a result, knowledge of the learn-
ing process becomes especially relevant.

The principal communication channels used by
human learners involve visual, auditory, and motor
responses; this paper will limit i{ts considera-
tions to the requirements placed on these clannals
by the educational environment and to some of tle
techniques under development that utilize these
channels in an automated instructional system.

The scope of the paper also {s limited to examples
of innovative automated devices that can add new
dimensions to instructional tecliniques and strate-
gles. An automated environment ca"i encompass a
wide range of possibilities an¢ 11 order to estab-
lish a reference which can include most technolog-
ical innovations, the educational systei: consid-
ered will be a computer-based system in which the
instructional techniques and their control are
programmed on a digital computer.

A major point of view taken in the paper is
that automated instructional devices in the future
will enable the student to manipulate and operate
on the units and elements of a subject matier so
that he can, for example, chance the claracter of
a displayed mathematical function or matci sounds
in learning a new language. This view is in con-
trast to the commonly held notion that computer-
assisted instruction serves to irplement the tra-
ditioral student-teacher interaction by simulating
a question-and-answer tutorial discussion. The
task of new instructional systems is rather tc put
the student nore in direct cortrol of the shills
and body of knowledge he is to acquire. If tiis
is indeed a future direction, then the emphasis
on interface design becemes increasinplv signifi-
cant.

Instructional PRequircments

In an instructional system, learning occurs
as a result of the interaction Letwecen three com-
ponents of the stuuent's environment: the stimu-
lus display, the student's response te this stimu-
lus, and appropriate feedback as a result of his
response.l The cisplay component is concerued
with the presentation of information in a manner
that is meaningful with respect to tiic subject
matter being taught and with respect to the be-
havior capabilities of the learner. The response
component is concerned with the acceptance of in-

*The research reported herein was pertormed pursuant to a contract with the Office of Lducation, L. S.
Department of Health, Education, and Welfare, with additional support from the Personnel and Traininp
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formation from the learner in a manner appropri-
ate to the subject matter and with a minimum of
the auxiliary tasks which are often required by
the nature of a response device. For example,
the selection of a particular symbol on a dis-
play may involve lesrning the relationship be-
tween the symbol and some key on a keyboard or
may involve learning to operate a pointing mech-
an‘gm such as a light pen or spot-controlling
lever. The feedback component involves the pre-
sentation of information as a function of an
associated response. The direction of informa-
tion flow of this component makes it similar in
nature to the display component, but the function
it performs dictates characteristics different
from that of the display component and requires
features that may not be needed in the display
component.

Integrally related to the above components of
an instructional system are certain instructional
strategies which influence the design and opera-
tion of interface devices. lajor requirements of
this kind are individualization, the sequencing of
instructional steps, and non-expository instruc-
tion. The individualization of learning means
that each learner will interact with the subject
matter at his own rate, in a manner suited to his
learning habits, and along ar instructional path
that matches his skills and bachground. The im-
plication of this requirement 1is that interface
devices being used by two or more learners at the
same time will need to handle different informa-
tion and hence will require a certain amount of
independence from all other interface devices in
the system.

The requirement for sequencing information in
appropriate steps means that the amount of infor-
mation presented before requiring a response mey
be small. This implies that the material display-
ed between responses will probably not be exten-
sive: however, a fast learner or just a fast re-
sponder may requirc relatively high rates of access
to new material, and with individualized instruc-
tional sequences, this access will be on : quasi-
random basis.

The non-expository requirement implies a high
degree of learner-directed sequences of material.
This process of learning by discovery or by induc-
tion means that the learner has the ability to ex-
plore or to manipulate a particular subject matter,
and not only must the instructional program have
the logica) capability to cope with this require-
ment, but the interface devices must contain enough
alternative states or cont:iollable configuratien to
allow a wide range of selection of response alter-
natives.

As has been indicated, the learner learns as
a resuit of certain relationships between a stimu-
lus situation presented on a display, a response
to this situation implemented by some control mech-
anism, and appropriate feedback as a result of this
response. Each of these compcnents will now be
considered.

Displays

Good display interfaces will present subject-
matter stimuli in a form and in a sense modality
appropriate to the subject matter. This 1is a aon-
trivial statement if one considers that it iz not
always possible to do this if subject-matter di-
mensions need to be restricted to static or two-
dimensional displays. For example, if one is con-
cerned that students of mathematics should be
taeght "mathematical imagery" as it may be defined
by mathematicians, then it seems appropriate to
teach a course in calculus or the theory of func-
tions with an interface which permits dynamic man-
ipulation of oscilloscope displays as a student
manipulates the elements of an equation and ap-
proximates a solution. All of us can think of a
variety of examples where subject-matter dimen-
sions are reduced in their richuess as a function
of the constriction of presentation through a
typewriter or printed page display.

Relevant to display characteristics, work in
experimental psychology and human engineering has
reasonably well documented existing knowledge
about man's capabilities and limitations on re-
ceiving stimuli through visual, auditory and tac-
tile channels.? For example, with respect to
vision, much information is available about the
factors affecting visual aculty, depth perception,
color discrimination, and brigntness-adaptation
level. The variables influencing the ability to
make visual discrimiautions such as brightness
contrast, ambient light, viewing time, and the
movement of objects, have been specified quanti-
tatively; cathode-ray tube visibility has been
carefully studicd in terms of signal size, bright-
ress, and duration. The desipn of letter shape
and print s:ze has been carefully investigated.
The perception of sound signals, auditory displays,
and speech communication has been studied with
respect to the factors affecting the detection of
loudness, pitch and speech intelligibility.

This information points to such general con-
clusions as the following: (1) The range of hu-
man senses 18 remarkablv large when compared with
electronic or electro-mechanical sensors. In
hearing, the range is over 130 decibels and 1in
vision it is over 100 decibels.3 The regulatory
mechanisms of the human contribute to this wide
range and the ability for fine tuning. In con-
trast, the ability of the senses for temporal re-
solution is limited, and the discrimination of
events occuring closely spaced in time may be best
done by machine. (2) The input characteristics of
the senses are not linearly related to correspond-
ing changes in physical quantities. For example,
vhen a human observer reports that the value of
the brightness of a visual display or the loudness
of a sound has doubled, his perception of an in-
crease does not correspond to coubling the inten-
sity of the physical stimulus dimension. (3) In
man, the ability to make discriminations, that is,
tue ebility to perceive changes and differences
between stimuli{, is much more acute than the abil-
ity to identify items in isolation. For example,
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a person may hear tue difference oetween tones
only one cycle per second apart at a thousand
cycles per second, and under certain conditions a
person can make some 400 to 500 discriminable
steps in frequency. In contrast, when the same
individual is asked to assign different identi-
fying labels to tones displayed singly over his
range of hearing, he can accurately assign only
six or seven identifying categories. Using this
differentiating ability in the learning labcratory,
it has been found that discrimination training is
an especially effective way to teach young child-
ren to identify and make fine distinctions between
such stimuli as numerals and letter sounds.

Perhaps of even greater importance than these

haviors are learned which may significantly inhib-
it the attainment of subject matter competence.

As a consequence, displays and the instructional
stimuli they present must Le carefully tested to
insure that relevant subject matter activity is
encouraged on the part of the learner.

The relevant aspects of these responses need
to be detected sc that they can be used to guide
the future course of instruction. Automated in-
terfaces may offer the possibility of detecting
response components which are useful in guiding
instruction, but whicii are difficult for a human
teacher to sense or keep track of. For example,
the processing unit behind the interface can
store the results of a set of responses, and on

the basis of this immediate bookkeeping, can pre-
scribe a new learning problem. Furthermore, auto-
matea interfaces can detect the speed or latency
with which a learner responds: this is extremely
mented truism among educators, especially those difficult, if not impossible, for the teacher to
concerned with elementary education, that multi- do. This may, however, be a significant response
media and multisensory stimulation enhances learn- dimension since there is evidence in the experi-
ing by virtue of the fact that the learner experi- mental psychology of learning that response laten-
ences the same thing through different sensory cy is indicative of the strengtn of learning. As
channels. While there may be good reasons for pre- another example of detection capability, it seems
senting subject-matter stimuli in a variety of likely that small motor responses such as are in-
ways, sheer multiple bombardment is not reason volved in the teaching of handwriting, may be de-
enough. As . matter of fact, there is evidence to tected and acted upon more quickly than in the
the contrary. In contrast to the position usually usual classroom.

taken by designers of audiovisual equipment, stu-
dies show4,5 that the human organism at any moment
in time is best conceived of as a single-channel
system. To date, there is little or no information -
available which allows us to take the position that
the human can receive more information if exposed
to two or more sources simultaneously or that he
receives more information if transmitted through
two sense modalities rather than one. Experiments
show that when redundant information is presented
over audio and visual channels, there is no facil-
itation over audio or visual transmission alone: at
low transmission speeds, the learner time-shares
the channels and at high speeds, he attempts to
block out one channel. It should be pointed out,
however, that a different effect might prevail when
the information presented over the two channels 1s
not redundant, but rather involves a relationship
between the auditory and visual stimuli, such as
there is in learning the correspondence between
printed letters and spcken words. In these cases,
the relationship involved must be systematically
examined in order to determine the conditions of
presentation that are relevant to learning.

human engineering aspects of the display are the
aspects of sensory input that may facilitate or
inhibit learning. This can best be illustrated by
pointing out that there is apparently an undocu-
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In many instances, the nature of the media
through which instructional information is present-
ed forces restraints on "realism," realism in the
sense of changing the characteristics of the task 1
eventually to be learned. A significant example of
a restriction of realism, although no value judge-
ment is implied in these remarks, is the use of
multiple-choice responses, which limit other forms
of response, so that answers on a test can be auto-
matically detected. The appropriate use of display
and response technology can reduce this kind of ar-
tifi.iality, or at least, in interface design, im-
posed artificiality needs to be considered. Work on
the design of simulators has taught us that realism
in instructional devices may be a much overempha-
sized notion.® When simulators are used, it is
often obvious that to foster learning, effective
simulation needs to omit and control aspects of a
real situation. In the early stages of learning a
subject matter, artificiality may be a necessary
requirement; at more advanced stages, the necessity
for efficient performance measures may introduce
artificiality. What is required is an analysis of
the component tasks involved so that behavior is
taught which insures transfer to the noisy situa-
tions that will be encountered in real life. If
anything, insistence on realism too early in learn-
ing may be a disservice to the learner.

Response

In the discussion so far of the stimulus, we
have implied some things about the response: how-
ever, let us now consider other aspects of the re-
spor.se. As illustration, the following topics can
be mentioned: response detectability, artificial-
ity and realism, and learner capability. In de-

. signing instruction, stimulus presentations are
engineered to guide the responses of the learner
in appropriate subject-matter behaviors. If a
display permits irrelevant responses or provides

* opportunity for delay anu distraction, other be-

In considering the response requirements of
an interface, learner capability also shoula be
introduced as a consideration. Young children
can speak and point to things before they have de-
veloped the fine motor skills for manipulating a
pencil or a typewriter key. ‘uch intellectual
content migiht be taught to very young children if
an interface device could detect touch positions
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and a small spoken vocabulary. The limited capa-
city of handicapped children with muscular dis-

orders is arother significant area for interface
design which must adapt to learner capabilities.

Feedbach

The presentation of information and response
detection are of little counsequence in insuring
learning without the tiiird component of feedba:h
appropriate to and contingent upoi the learner's
responses. In our concerns with the student-
machine interface, an cnvironment highly respon-
sive to and adaptive tc the behavior of tue learn-
er 1s a fundamental property of the system. The
cxperimental study of learning has indicated that
feedback coutingent upon the couscquences of the
student's response is a powerful force in guiding
and maintaining learning. It 1s the necessary re-
sponsive aspect of a learning situation which makes
our traditional methods of instruction inefficient
and outmoded and it is this responsive aspect of
interface devices which is a key notion in con-
sidering their design. A demanding requirement on
the design of learning environments with their in-
terface devices and associated processors is the
necessity for immediate action on the basis of a
student input. This immediate action takes the
form of a change in the stimulus display or the
characteristics of the response device.

The immediacy of feedback is a key factor in
increasing the probability that the performance
engaged in by the learner will be learned. The
absence of immediate feedback will depress the
occurrence of behavior. The delay of reinforcing
feedback has had extensive study by psychologists,
7,8 a1d the general evidence is that delay results
in less efficient learning. Under certain condi-
tions, delays longer than a few seconds can re-
duce learning efficiency. In addition, the be-
havior that occurs during the delay interval may
be the behavior that is learned, and we may indeed
be reinforcing distraction, lack of concentration,
or slow thinking. Extensive experimentation has
also been carried out on the pattern and schedule
by which reinforcing feedback is provided to the
learner. Reinforcing feedback can occur after
every response, after a fixed time period of re-
sponding, after a fixed number of responses have
occurred, in a variable fashion, and in other
ways. Each of these patterns of reinforcement re-
sults in different response characteristics on the
part of the learner.9

The nature of the feedback display which leads
to the reinforcement of behavior is a matter for
study. It can be extrinsic to the subject matter
at hand, as when the teacher says '"good" or when
the student gets an 'A', but what seems most poss-
ible in newly designed interface devices 1s feed-
back intrinsic to the subject matter and which
gives the student a feeling of a high degree of
control over the body of knowledge with which he
1s interacting. He can produce changes in the
subject matter as a result of his behavior, and it
is these changes that are reinforcing and motivat-
ing and which foster effective learning. The ef-

fectiveness of stimulus change has undergone an
increasing amount of research over the past de~
cade. Highly responsive learning environments
can result in highly curious and exploratory indi-
vidual..lo Investigationa have repeatedly demon-
strated that new behavior is efficiently learned
1f it leads to a change in the stimulus display
with which the individusl is interacting. In ad-
dition, this stimulus change elicits side effects
which can be labelled as curiosity and inquisi-
tiveness. Vith highly responsive interfaces, it
seems that we should be able to add a significant
dimension to education.

Incividualization

It has been recognized for a long time that
instructional systems need to adapt to the require-
ments of the individual learner. In contrast to
this notion is the fact that while the importance
of individualization has been recognized, our
schools are overwhelmingly geared to msas, group
instruction. Automated systems may be one answer
to managing the requirements for the individuali-
zation for instruction. With respect to the inter-
face, however, it is to be pointed out that mass
communication interfaces have been the general rule
and the design of motion picture screens, televi-
sion receivers, and so forth have different design
characteristics when they are up close to and are
responsive to the inputs of individual learners.

The Subject Matter

Up to this point we have considered inter-
faces from the point of view of the characteris-
tics of the learner. The other major component
involved in interface design is the nature of the
subject matter being taught. Ouite obviously,
different subject matters and different bodies of
knowledge have varying stimulus and response re-
quirements which determine the kind of interface
suited to them. Some trade-off is involved be-
tween tiie design of general-purpose consoles ver-
sus consoles specifically designed for particular
instructional topics. For example, a nonexpository
system for mathematical problem solving is the
Culler-Fried system in which the student can, on
an oscilloscope, literally look at_ the results of
his attempts at problem solution.l1,12 Actually
seeing how a mathematical function is varying,
seeinp where it peaks and where it does not, sug-
gests as a result of this visual inspection, cer-
tain procedures that are useful in approximating a
solution. For problem solving in other subject
matters, like qualitative analysis in chemistry
and teaching young children to read and to write,
interfaces with different characteristics suggest
themselves.

Equipment Techniques

Techniques employed in current instructional
systems generally make use of techniques and de-
vices developed in other areas such as the mili-
tary or entertainment fields; however, the func-
tional requirements of instructional systems are
unique in some aspects and are not satisfied by the
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devices developed for other purroses. Investiga-
tions concerning the interface requirements be-
tween a student and a particular subject matter
have suggested that for ccrtain tasks the matching
of the student to the subject matter can be im-
proved by the use of electronic devices.l3 There
are two techniques that have been deve loped in
direct response to the requirements of the educa-
tional need that appear to have real promise in
interface applications. These techniques are
principally coordinate-de:ecting methods that are
able by one method to identify the location on a
given surface of a single arbitrary object and by
a second method to identify the lccations on a
given surface of several unique objects while re-
maining blind to other foreign objects.

Adaptation of developments in the fields of
audio and video display also holds promise of pro-
viding a communication capability that will sipni-
ficantly augment individualization and interaction
of a student with his subject matter. Two such de-
velopments which were adapted for computer con-
trolled learning environments are mentioned below,

Coordinate Detection

The coordinate detection technique for identi-
fying the location of a single point on a surface
is an extension of the work reported on 'light-
pen' facilities for direct view storage tubes.lé
This is basically an analogue technique in which
the value of a particular coordinate of a point
corresponds to the value of a measurable voltage
at the location of the point. Figure 1 illustrates
one embodiment in which efectrical fields can be
alternately established in orthoponal directions
across a conductive surface to produce unique po-
tentials at a point corresponding to X and Y coor-
dinate values. These potentials can be detected
by a high impedance stylus placed against the sur-
face which does not distort the potential field.
These potential values may be converted to digital
values by an A/D converter if input to a digital
device is desired. The conauctive surface may con-<

sist of transpzrent conductive glass so that visual

displays such as templates or cathode ray tubes may
be associated with this surface to provide a highly
interactive display and response surface. Scanning
rates may be as high as several kilocycles so that
normal tracking of a hand-held stylus may be accom-
plished if desired. Figures 2 and 3 illustrate
applications of this technique encompassing the
functions of pointing or writing type responses.
Figure 2 shows the use of the technique witl a
transparent conductive surface associated with a
cathode ray tube display and Figurc 3 shows the
technique being utilized with conductive paper as
the working surface of a scratch pad type device.

Object Arrangement

Instructional programs in subjects such as
geometry and simulation programs or games involv-
ing object arrangements require a response surface
on which objects may be placed or moved as an in-
dication of input or response to the program. A
surface capable of detecting one or more objects

of a special set has been described.l3 This sur-
face has the property of being able to detect sev-
eral objects of the set simultaneously and to pro-
vide information concerning their locaticn on the
surface. With proper coding (such as size or
shape), the information provided is sufficient to
identify individual objects and to determine the
orientation of the object on the board. The sur-
face has the further desirable property that it is
"blind" to almost all other objects such as pen-
cils or fingers which may be temnorarily in con-
tact with the surface.

The technique employed is based on the princi-
ples of a transformer with a variable reluctance
maguetic path. Two wires are placed in a slot of
a block of ferromagnetic material. One wire is the
drive line and the second the sense line. When the
drive line is pulsed by a current source, a signal
is coupled to the sense line. The coupling exist-
ing between lines and, therefore, the magnitude of
the signal generated in the sense line is a func-
tion of the magnetic circuit reluctance; the higher
the reluctance the less the magnitude of the gemer-
ated signal. With no magnetic material covering
the slot, a large air gap exists in the magnetic
circuit and it has a high reluctance. Figure &
shows an arrangement with seven sense lines and
one drive line. When the drive line is energized,
those points, such as the one indicated in bold
outline, that have nbjects covering them will pro-
duce a detectable pulse on its associated sense
line.
a sequence of groups of points may be scanned to
determine whether they are covered or not.

A prototype surface, approximately 10 x 12
inches in area and having a resolution of 36
points per square inch, is presently under con-
struction. This unit will be provided with elec-
tronics that can automatically scan the surface
and furnish data to a computer at a rate of approx-
imately 10% bits per second.

1

This scan will be initiated by command from
an external source such as a computer. Initial
work with this prototype will probably involve a
set of about ten distinct objects coded such that
each can be uniquely identified from other members
of the set.

Audio Displays

Audio stimuli are an important component of an
instructional s stem for the teaching of certain
types of subject matter or certain kinds of learn-
ers. Instruction in new verbal behavior, as in
teaching a new language, obviously requires an
audio capability, and young children or illiterates
may require that instructions be presented through
the spoken word.

The technology of speech generation at the
present time is such that the creation of natural
sounding speech displays are most easily obtained
from analogue recordings of speech sounds. It is
difficult to juxtapose small urits such as sylla-
bles or words and maintain a sn .oth sounding mes-
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sage, and it is uafeasible to store and retrieve in
acceptable time intervals the number of possible
messages that might be associated with a highly
adaptive instructional sequence. It has been estim-
ated that if the basic unit were words, then a vo-
cabulary of 20,000 words would be needed to cover
99% of the requirements of free text (newspapers
and similar type material).16 Although a particu-
lar instructional program would not be exvected to
have the demands of free text, the storage re-
quirements for words, phrases, and sentences can

be very large if the program is adaptive to a

wide variety of learners.

The access and demand requirements for audio
mensages uned with instructicnal sedquences imply
that srern! categories of audio capabl’’'ty may be
needed in an instructional system. The audio
messages or phrases might be classifier as being
universal, general, or special depen.ling upon their
application in a given program. Uriversal phrases
are those used many times in various programs to
indicate results or give directions. Such mes-
sages might include the phrases '"correct," "try
again," and "go on to the nex: problem."” General
phrases will be more specific to a particular pro-
gram and often may be juxtaposed to another phrase
to compose a meaningful mzssage. These phrases
will be used often during a program and may include
such phrases as 'the correct answer is," and "mul-
tiply the numbers shcwn.' Special phrases are
those phrases which are unique to a particular
item in the program and as such will have rela-
tively low demand and can bes somewhat linearly
ordered if each user has his own source of special
messages.

The above categorization of audio messages
implies that an automated instructional system
may necd tvo or more types of audio storage media.
The universal phrases will need a fast access
(within oue second) device with modest capacity
(100 phrases) to provide fast system response when
these phrases are used for the feedback function.
The general phrases probably do not functionally
require the access speed of the universal phrases,
but if several general phrises are to be juxta-
posed, the access must be fast enough to prevent
disturbing pauses within the message. Special
phrases are probably best linearly ordered on an
individual transport for each student, so that as
the student progresses through the program, the
transport is positioned in such a way that access
time to the next special phrase is relatively
short (5 seconds or less).

Equipment having the characteristics outlined
above is certainly within the state-of-the-art.
The fast access transports can be belt-driven de-
vices that are designed to accommodate speech re-
cordings. Transports of this type have already
been designed for digital applications for use as
storage media for computers. 7 These transports
should be two speed (access and play) and designed
for digital or programmed control The slow
access units can probably be any one of the exist-
ing designs of cartridge or reel loading trans-
ports modified to accept digital control and posi-
tioning.
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Visual Displays

Researci: and development of techniques for
generating visual displays on cathode ray tubes is
a fairly well advanced art with most computer man-
ufacturers and others who now offer displays capa-
ble of generating symbols or simple black and white
line drawings. The engineering challenges occur
whzn instructional programs require pictures that
may require color or motion. Slides and movies
accomplish both features, but both are predeter-
mined and, hence, limited in adaptability and if
large numbers of scenes are desired, the access
times become unacceptable.

Storape of video information can be a prob-
lem if more than simple text or line drawings are
to be displayed. Pictures and photographs contain
millions of bits of information, and although much
of this 1s redundant, we do not yet know of effi-
cient coding methods that will greatly reduce the
storage requirements and still allow the sceue to
be regenerated. The Plato systeml8 at the Univer-
sity of Illinois has for some years been combining
the advantages of film storage and computer-gener-
ated information by multiplexing onto a common dis-
play the outputs of an optically scanned slide and
an electronic storage tube containing computer
program generated information. This technique of
combining tk .dvantages of an economic storage
medium such as film for background information
and superimposing the adapted program information
still seems to be the practical answer to handling
large amounts of video information.

Recent developments in video storage on mag-
netic discs have created the possibility of having
large libraries of stored television type pictures
accessible in a few seconds. A picture from this
library might be copied into a given user's buffer
and the signal from this buffer multiplexed with
user created information that is unique to the
particular user's program and his particular re-
sponses. This approach is functionally equiva-
lent to that of the Plato system, but may hold
promise of larger libraries on-line and the ad-
vantages of the economics and facilities of the
already existing TV industry. Figure 5 shows a
monitor displaying one of 500 pictures previously
recorded on a magnetic dise.*

Conclusion

The design of the student-machine interface
requires detailed analysis of the psychological
requirements of the learning environment, the
structure and characteristics of the subject mat-
ter, and the adaptation of display and response
engineering techniques which may not have been
orginally intended for educational use. Two as-
pects are of prime importance in facilitating che
learning process: one is the availability of im-
mediate feedback on the hasis of student activity;
the second is the availability of equipment to en-
able the student to directly manipulate the uuics
and elements of the subject matter. The implemen-
tation of these two aspects in instructional in-

*Dise¢ manufactired by MVR Corporation.
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Fig. 1. Coordinate detection technique.
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