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PREFACE

Some years ago Westinghouse became interested in the problem which

v.,- called the "Man/Machine Interface Problem." Work in this area pro-

duced many experimental devices--and raised some questions about what

constitutes a good means of transferring information between men and

equipment. Norbert Weiner, in The Human Use of Human Beings, Cybernetics

and Society, relates his theories of f-communication and control not only

in mathematics* engineering, and electronics, but also in psychiatry and

psychotherapy, neurology, physics, and certain social sciences. "What is

important is not merely the information we put into the line, but what is

left of it at the other end. This terminal apparatus mu be regarded as

a filter superimposed on the transmission line."

Work progressed on better terminals--primarily for computer application.

But, some of the work extended into the best means of terminal presentation

of information including full visuals, as well as printed alphanumeric

information. In order to design something which could be used to receive

full visual information, but was within the realm of the state-of-the-art

in electronics, it became apparent that some tradeoffs would have to be

made. Cost of equipment was a limiting factor.

It is believed that educational practice,in particular,can benefit

from such work. To determine what is and is not required for good

education to take place has required the workuof many educational



researchers, drawn from many disciplines. Though some of the findings

are known, much has been publicized only within the limited fraternity

of researchers and little has filtered into popular literature. In

addition, much of the confirming work which related to hypotheses

advanced some years ago has only recently been completed.

In order to have a base of confirmed findings about education, it

seemed good to draw much of the working material together and have a

basic primer as a bas.- two kinds of work -- progress toward better

terminals and putting educational .theory into practice. Therefore, the

findings' reported herein are for tentative use by two parties: researchers

in terminal improvements and researchers in application of educational

theory. The bibliography is drawn from educational theorists in the

main, and seminal works are quoted at some length. It is hoped that

this basic material can be used to suggest new directions and produce items

of real value to educational practice.



SUMMARY

The Information & Knowledge Society fir

Daniel Bell defines the Postindustrial Society as one which is

"organized around information and the utilization of information in

complex systems ... a society uniquely dependent upon the compilation

of theoretical knowledge." Inherent in discussions of such a society is

the knowledge that, as knowltdge begats knowledge, obsolescence of know-

ledge at a rapid rate is unavoidable and that "work" will change rapidly.

Persons trained for one thing will require constant retraining inlight

of the new knowledge. All persons must continue their education through-

out life. (p. 9-12)

A requirement will be delivery of up-to-date materials to those who

;need it on demand. This can only be done through skillful management--

I in this case, management of learning.

Y

"The central problem of education is not learning, but the management

of learning. Learning and the management of learning are not equivalent

terms, any more than are learning and teaching. The so-called learning-

teaching problem is subsumed under the management of learning problem.

(Charles Hoban) (p. 14)

Hoban suggested the use of television for the distribution of materials.

Robert Travers added a requirement that an information transmission system
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should include a system fo the external storage of knowledge in a way

which will permit rapid access to the libraried materials. He recommended

television as a prime candidate for delivering such material because it

is a transmission system and its primary terminal--the ordinary television

receiver--is widely distributed. (p. 15-16)

Both felt that the nearest thing to a universal media is television

and that it possesses a unique characteristic (transmission) which makes

it the most feasible equipment for development to carry all media--a

means of "integrating" media.

Theories of Brain Research

The Penfield theory states that, "Whenever a normal person is paying

conscious attentkion to something, he is simultaneously recording it in

the temporal cortex." The theory was extended by Norris to conclude that

the brain functions as a high fidelity recorder. Further work has pro-

duced much knowledge about how the brain actually does this. It is known

' that there are a temporary store, a permanent store, a selector mechanism,

and a utilization system, so that the central nervous system can act.

Inputs of information which are required for survival are passed on

before items of lesi importance (p. 17 -18). The central nervous system

evidently has limited capacity and appears to receive input from only one

modality at a time. Because there is only room for a limited amount of

information to pass into the, utilization system at one time, there appears

to be partial blocking of all information coming from other modalities

when significant information is coming through one sense modality. (p. 19)
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The processor of information appears to compress information and

pass through only certain items. For visuals, this is accomplished

through looking at the boundaries Of shape, rather than the whole. We

see outline shapes and recognize certain patterns. A man's head, an

elephant shape,....

Broadbent and Travers feel that this indicates that there is only

single-channel-A2awtralstoaeitintotIr. Their research sup-

ports the generalizations that:

a. As long as information is presented at a rate eglIlltosi

greater than a person's ability to process information,

there is no app--ent advantage in using two channels

carrying redundant information.

b. If the rate ,of presentation., is less than the capacity of the

student to process it, then there may be some advaptage to

using two modalities.

c. As the complexity of the learning task increases, the

advantage of using the, visual mode increases: Under

these conditions, using the sound track for naming

of the objects as relevant increases learning. (p. 20-21)

Auditory comprehension falls off more rapidly than video comprehension.

To combat this problem, the English language employs a redundancy rate of

50 percent (p. 17). The visual channel is more dependable than the audio

channel. That is, the visual channel makes less error, but processes

less information than does the audio. There is no significant difference

in recalled information between audio and video. (p. 22)
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It has been found that audio is better than visuals for young

children. But, for older persons with developed literary skills,

visuals seem better. Considering all studies, it is concluded that

there are factors influencin the relative effectiveness of both

channels and that neither is inherently superior to the other. (p. 23)

The information rate for optimum learning is below 2-4 bits/second;

If information is presented below that rate in any mOdality, learning will

result. Capacity of the auditory channel is about 400 words/minute.

Cappcfty for visuals seems to be about 2,560 pictures at the rate of

one every ten seconds at 90N accuracy. (p. 49)

Significance of the Brain Studies

Multiple sensory inputs are of value only when the rate of input

of information is very slow.

- Since we learn from the "boundaries"-of shape, providing total

realism seems to be unnecessary.

the relationship of the timing of the occurrence of events is

of more crucial importance for effective learning than

beautifully prepared materials.

- Visual/verbal order seems an effective combination for learning

to take place. (p. 24)

Building on the reported research, what,would appr to he good

learning materials?

The Picture

A line drawing appears to be as good as a realistic presentation. "A

detailed realistic picture, in being worth 10,000 words, may thereby say
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V.:. much." (Knowlton) Using line drawings to represent items results

'aster, longer retained learning.. Increasing realism in a visual does

not always cause a significant increase in learning. In terms of economy

of production and instructional effectiveness, the abstract-line presen-

tation is most efficient. (p. 26-27)

Cartoons

Cartoons are an effective means of presenting visual material.

(p. 28)

Additional studies report that there is a developmental aspect in

the ability to learn from pictures. Studies on children found that they

are incapable of recognizing unified wholes before about age 9-10.

Piaget reported that details are not properly located by young children,

which indicates difficulty with space perception.

(p. 28 -30)

Color

Color interests children, but there is no evidence that it helps

them learn. There seems to be a ce-tain maturation re,..iirement at work.

In young children, color actually appears to be "noise" and acts as a

distractor from central material. It removes the information received

from audio. (p. 31,32) If used, the color should be realistic.- Children

can be highly motivated by color. but do not learn from it before ages

9-10. (p. 35)

For older persons, the studies report an apparent lack of color

affecting learning. However, there is evidence that it reduces the
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rate of.forgetting on long-term retention tests. Color increases recall

of peripherarinterial, but does not increase recall of central material.

People also have a higher opinion of color material, even though they

may learn nothing from it.' In fact, they learn better from the

positioning of items. (p. 31-33)

It has been noted that it takes 4bout four times longer to see

color than black and white. When distinctions are critical, means other

than color are recommended because about 8% of human males are color

blind. Reds and greens are, of course, the greatest offenders. (p. 34)

Color,;as tested, does not do much to assist one in learning

material, but people like it better anyway. It is, after all, more

realistic.
"lb

Motion

It has been found that, even when the subject to be taught has

inherent motion, only about 40-45% of the motion shown is relevant.

In other material, there is even less relevant motion, and it is

estimated that about 90-95'4 of all motion could be eliminated with no

loss of comprehension. (p. 37, 58)

Studies have shown tha(zilent motion films are more effective than

silent stills. But, if audio is added, sound still pictures appear to

be os effective as sound motion. For teaching concepts-involving time

or space, slides are as effective as or more effective than motion

pictures. (p. 38-42)

Why the Preferred Medium is Television

Researchers have concluded that television is the best all-around

medi-um because it can carry all others--that is, it has distributive powers.
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Studies have produced some interesting information about television.,

Some of the findings are these:

- Students learn more when they respond actively duri,ng the

program.

- Varying class size has no effect on learning.

- Programming-has an effect on the programmer, if not the

student, so it appears that teachers should write programs..

- A useful technique for revising programs is on the basis

of what students did not learn from them..., An unsatisfactory

method is to show television teachers their lessons.

- Teachers will choose television over other media when it

is available to them.

- There is no difference between viewing programs at home versus

in a classroom, except that older participants apparently learn

more at home.

- Personal initiative in TV viewing, allowing a person full

control over directing his own attention, seems crucial to

learning. (p. 51-57)

The Case for "Integrating Media"

_Iihen at least one completely justifiable use for = television calls

on its full potentials, it can be applied successfully as a universal

instructional medium. Under such conditions, d television system can be

utilized for any telecommunication purposes, in full or partial modes,

,audio only, still pictures only, or simply as a transmission medium to'

distribute recorded materials. (Bretz) (O. 59)

2
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"The operational principle is to move information and learning

materials to the people and reduce as much as poSs.ible the travel of

pecpie to the places where learning materials originate or are displayed.

The right size technology is that size and complexity which are necessary

to serve well the essential education-learning functions without excess

or waste of roources."/(Carpenter in Schramm, ed., 1972) (p. 60)



I

Introduction

In 1970 the Committee on Science and Astronautics, the House of

Representatives, U. S. Congress,held hearings to determine the proper

role of Governmdnt in managing information and knowledge. Gathered to

testify as to the philosophical reasons for accepting the premise that

today's society is more complex and demands new answers to problems

besetting it were major theorists in the esoteric "science" of pre-

dicting the future.

Daniel Bell, who gathered the group which produced the Daedalus,

Summer 1967, issue dealing with the year 2000 for the American Academy

of Artt and Sciences, has been credited with popularizing the idea that

the United States will be among the first nations to enter what is termed

the. " "Postindustrial Society," (between $4,000-$16,000 per capita) some-

time before the year 2000. In fact, he predicts that we do not even

have 15 years to wait. Aligned with him is Herman Kahn, the man who

forced America to think about the "unthinkable."

Daniel.Bell defines the "Postindustrial Society" in the following

words:

A oeindustrial society is essentially one based on raw
materiali, in which there are. diminishing returns. An indus-

trial society is organized primarily around energy and the
use of energy for the pOoductivity of goods. A ostindustrial

society is organized around the information and utilizat on of
information in complex systems, and the'use of that information

as a way of guiding the society.
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There is another fact about a postindustrial society.
It is not just asservice society in terms of where people
work; it is not just an information society on the basis of
organizing the flow of knowledge; it is also a society uniquely
dependent upon the compilation of theoretical knowledge.

It means the scarcest resource to the society is essentially
talent (or human capital).

Herman Kahn pointed out that John Von Neu"ann, writing in the June

1955 Fortune, thought that a number of technological trends would seem to

come to a crisis stage sometime around 1980. Kahn, however, opted for

T5 as the modal crisis year. In either event, we do not have to wait

\

for the year 2000 to find the future. It is alr,y Locomfortably close

at hand.
\

\Hohc do 'we prepare for the unknown? What tools will be required? We

must prepare them now, for their use is not far off.

The social group expects "education" to be in the forefront of preparing

persons to take up their responsibilities to the others in the society. The.

formal schools have accepted this responsibility and, thus, are faced with

a two-edged sword. Because they have accepted and taken the responsibility,

they are obligated to educate for the unknown--jobs which are not theamed

of, life-styles only hinted at in today's world.

Thomas Green testified that "schooling" must no longer be separated

from "working" and thatnog all-must accept the challenge. What he has

proposed is that the "employer" (i.e., the other` members of the social

group) now must share the burden by providing continuing training. The

"schools" will provide materials, but persons can choose to "study" anything,

when they wish, as they wish, from the cradle to the grave.
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"Serial careers" means that one can no longer expect to train for a

particular slot and continue it all his days. Peter Drucker, famous for

books..on management, has maintained that "management" as we now know it--

of.raw materials, of funds, etc.--will become still more difficult,

because it now demands that people not be "managed" to do, more ,productive

work in a shorter time but that a benevolent attitude toward tl* aspirations

of "employees" will e required'. The strong back or the even stronger

machine will not be the manager's main concern but rather the unique

capabilities of an individual. The best manager may be judged by .his

abilities as a "guidanCe counselor." Inherent in this idea is the know- .

ledge that choice of an early career can be wrong/and that away to \

rescue wasted talent without scarring the individual is. a requirement

when there are so many tasks to be done.

Thomas Green chose to highlight his
,

concrn for these problems in the

following passage:

The growth of education outside the formal system has
probably been the most significant change in education over
the years just past. Current estimates indicate that,in the

United States Lialtiesyreeolewillbe
receiving instruction of a formal sort outside the formal
educational system than within it. We need to view work itself

as orwized for its educative value instead of organizing
education for its value to work.

It is, after all, the underlying principle of a knowledge

society, that a man's marketable skills are no longer tied to
a specific set of tasks within one org nization. Knowledge .

skills are polyvalent, i.e. applicable to an enormous range of
tasks.

Thus, a viable organization will arrange wifh to develop

the capacities of people, rather than'simply use the capacities

of people to accomplish the work. Think what that means! It



.

means the growth of serial careers, permitting access to
different careers, even ones for which (people) are not.wel
prepared. . If there are multiple paths-, there are 'graceful
exits(from unpromising positions for which one finds

\himself unsuited). ,

\

Faced with a.problem of magnitude, U. S. ingenuity is in its gl\ry.
The very thing which looks impossible tempts many to try to find the \

solution. And what is the problem? It is managing in such a way as to\

- t,-;;.

enable all to develop as full human beings, an opportunity never before \

given to people in human history. By these standards, the brains best

able to work on problems like "energy crisis" can be brought to bear,

because the need to find shelter for the night and food for the morning

is less pressing than it had been before or remains in much of the world.

To maintain a high and rising standard of living will require that all

must accept the responsibility of continuing education, so that the pro-

blem-solving can continue unimpeded. _Special knowledge will berequired

at each step, and we cannot wait 20 years to train "experts." People in-

place will have to be trained, on short notice, for service On a problem

which, once solved, will obsolete their service. (Fortunately for those

who may feel disheartened by this knowledge, it seems that there is

always another problem when one manages to solve the original to some

satisfaction.) The problems of persons who are "obsoleted" and simply

let go are too large to discuss here; but obviously, society cannot

afford to carry chafing retirees when there is much to be done. It would

be a service to all to continue education through the 70's, not just

through the 19704s.

12



CHAPTER I

The Management of Learning

In 1965 there was ferment in the land. A book, published in about

1962, had put Americans on notice that they were already entering an era

which had crept up on them. It was dubbed the "knowledge society." It

got its name from the fact that a large percentage of the Gross National

Product (nearly 970) was discovered to be ca:culated not in goods, but,in

"education." The Sputnik Era had alerted many to the need for improvement

of the formal schooling patterns in the U. S. and the requirements for

training citizens' to their full potential. Still, it had not yet been

graphically pointed out that large numbers of persons were, on their own

recognizance, making provisions for their own training. Trade schools,

hobby schools, abounded. Pressure was brought to bear on the formal

educational system to provide enrichment or job-upgrading courses. Industry

had responded with large numbers of "teaching.machines," meant to provide

help where teachers were in short supply.

In 1973 there was an abundant supply of newly graduated education

majors and no jobs for them. What. had happened? 'As usual, we had res-

ponded to a need with a glut on the market. Just as the need arose, means

were provided for reaching a goal. If we needed teachers, we turned them

out by the thousands, then by the.millions.

But the problems do not go away. The reason is that we identified

the wrong culprit. Post World War II "baby booms" turned into_ a bust,

13
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clearly indicated by the sharp downturn in birth rate starting in 1967.

There are as many theories as to why as there are "experts," but the fact

remains that the new problems will have to be solved. And a problem will

be delivering up-to-date materials to those who need it on demand.

Charles Hoban, working at the Annenberg School for Communications,

the University of Pennsylvania, thought about these things in some detail

V
in 1965. His response is still the challenge faced today: the management

of learning.

Hoban described his thoughts thus:

Take for.example, the concept educational media. What we
actually include in the term is machines. When we consider the

part machines play in eduation, we are forced into a consideration

of man-machine systems. ... a 'consideration of technology ,..

educational technology ... or technology in education.

It is frequently said by educators and educational
researchers that the central problem of education is learning.
Learning is a process central to human survival. The central
problem of education is .not learning, but the management of

learnin. Learnin and the manaement of learnin are not
equivalent terms an more than are learnin and teat in..
The so-called teaching-learning pro lem is subsume
the management -of 'earning problem.

Central to the (educational institution's) problems and
intrinsic to the broad roblem of the manaement of learnin

un er

is the fact t at educationa to evis on or nonca t ye

au fences is tin eruti izel.

No matter what educational media is introduced, the
situation into which it is introduced is transformed by
the introduction. Acceptance of management of learning as
a central problem of organized and institutional education
would, at least, permit the admission of a wider range of
alternative procedures.

Hoban quotes Robert Lewis-Shayon (1961):

The word "pandemic" was coined by Professor Wh. H. Cowley
of Stanford University's Department of Education ... Professor

14



Cowley asserts that three kinds of individuals are to be found

in almost every society. The first is the "logodemic." He is

the scout on the frontiers of knowledge, concerned exclusively

with discovering the frontiers of knowledge, and adding them to

the world's stockpile of knowledge. At the other end of the

spectrum is the "practidemic" type. He is the individual who

puts to practical use the knowledge discovered by the logodemic

man. Between them is the "pandemic" man. His job is to mediate

. between the others. This mediation is necessary because the
logodemic speaks an esoteric jargon which only 'other logodemics

understand ....

Pandemic man is the man who can get the general drift. of

the logodemic's ideas--translate them, and communicate them to .

the practidemics. He is a generalist ... able to catch the

essentials of the specialists' mysteries ....

Then, Hoban continues:

Scarcely one of us can fail to itemize a depressingly
long list of studies in which the results .are untranslatable

into meaningful terms.

I would add one more step beyond allrout demons,tration to

the progression: implementation in educational practice.

Joining Hoban in the battle for a better way of delivering needed

materials when and where desired are Stuart Cooney, William Allen,

Robert Travers, and others. Cooney and Allen sugget that a computer-

controlled access and delivery of information offers promising potential

for providing radically iMproved fit ofithe messages to the changing needs

of the individual. Travers (1964) says:

The transmission system must provide an effective means

of external storage. Man behaves in many ways as if his

.

capacity for storlhg information was very limited. In order

to overcome this. limitation, he has devised auxiliary infor-

mation storage systems external to himself. An information

transmissionytem, beyond the elementary school level, should

provide asistem for the external storage of knowledge in a way
iihichernitsti1,2-tohaveraidacoesstoit: Manri

15
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limited storage capacity implies that he should leave an
educational institution armed not just with the knowledge
and skills which he has acquired, but equipped also with
an external store of knowledge from which he can skill-
fully retrieve information.

And Allen, in 1967:

It should be pointed out that television is a carrier of
information to the learner and probably possesses no particular
characteristics that would make it more effective than any
other instructional medium in teaching factual information.
The educational differences between (other sources) and
television are those related to the method of image display,
the control that can be exercised by the teacher in using
them, and the system of distribution of the images.

The National Cable TV Association in a report entitled Cable TV

and Ed..t.ation (1973) estimates that TV sets are standard equipment in

77 percent of all public elementary schools and 69 percent of, public high

schools. These TV receivers are also turned off more oft than they are

. turned on. To the cable TV people, "This constitutes gross neglect of

its potential. Television ought to,be used to bring students educational

experiences not possible withinithe physical or finahcial bounds of the

ordinary classroom." To this could be added, nearly every American home

and hotel room is presently the ,host for a TV receiver.

Here then is a possible answer to solving the problem of delivering

material to those who wish to learn, when they wish to learn.

S.
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CHAPTER II

A Theory and How It Grew

In 1950 nobody knew how the brain functioned. The theories that the

brain has a chemical function or an electrical impulse function had not

really been pursued. A doctor at McGill University, Montreal, Penfield,

was treating focal epilepsy with brain surgery. During the course of

these operations, he conducted a series of experiments during which he

touched the temporal cortex of the brain with a weak electric current

transmitted through a galvanic. probe. The patients, under local anesthesia,

were .able to talk to Penfield. He found that the electrode evoked a

single recollection, not a mixture of memories or a generalization. The

evidence seemed to indicate that everything which has been in our con-

scious awareness is recorded in detail and stored in the brain--and is

capable of being "played back" in the present.

More significant, not only were past events recorded in detail but

also the feelings that were associated with those events. He concluded

that the memory record continues'. intact even after the subject's ability

to recall it disappears.

Thomas Harris (1969) took this one step further and concluded: The

brain functions q. a high-fidelity recorder, putting on tape, as it were,

every experience from the time of birth, possibly even before birth. (The

process of information storage must involve data reduction and coding; but

however the recording is done, the playback is high fidelity.)

17



Penfield concluded that "whenever a normal person is _paying conscious

latentiontosonethinhesimultanecnarllitinthetemorai

cortex. These recordings are in sequence and continuous." The thread of

continuity seems to be time. That is, the original pattern was laid down

in temporal succession. Furthermore, a new experience is somehow immediately

classified together with records of similar experience so that judgment of

differences and similarities is possible.

Brain research has continued in many faicinating experiments using

animals, and many of these studies are well known. In 1969 Mary C. Potter

and Ellen I. Levy concluded that, in working with human subjects, "the

results support the hypothesis that rapidly presented pictures are pro-

cessed one by one for precisely the time each is in view and are not held

with other items in a short-term store, as has been reported for verbal

material." This appears to support Penfield's conclusions from the early

experiments.

Temporary Storage:

In 1958 Broadbent proposed the existence of a temporary storage

device which neld signals for a few seconds. Hull had used rats; Broadbent

F
had used human subjects. Hebb had proposed that the nervous system is so

equipped. The controversial issue was whether information held in temporary

storage can be transferred directly to permanent storage without entering

the utilization system. Studies on incidental. learning suggest that they

do, but there are others who argue that such material does not enter the

utilization system.



Licklider introduced the concept that incoming information is correlated

or matched with previously stored information. This correlating process

appears to be important for all organisms having complex nervous systems,

since heeding something novel in the environment assists in survival:

Inputs of information of high value for survival may be passed on before

items.of a more trivial nature. It is known that persons in a need state

are more active in seeking solutions to problems--of hunger, thirst, and

higher order items.

Limited Capacity Of the Central Nervous System:

If the selector mechanism did not function, the utilization system

wou.ld-become-jammed_with information and could not function effectively.

Hence, there is a system of priorities. Broadbent said that such a filter

mechanism was essential for the final utilization of information, since

the final process appeared to involve a single-channel system of limited

capacity. Such a perceptual system model creates a probleM, for it is

clear that transmission of information on both the auditory and the optic

nerve cannot be represented as a single channel system. Therefore, there

must be an analysis of which channel to select on the iority system

before reaching the selector mechanism; which makes a final decision upon

items which will be acted upon. When information from one sensory modality

is being used, the inputs from other modalities are blocked but are con-

tinuously monitored for priority of access. However, there is a_partial

blocking of information coming from other modalities when significant

information is coming through one sense nodality.
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Permanent Storage:

Hebb proposed that temporary storage is produced by nerve impulses

being transmitted through circular chains of neurons. But, long-term

storage is more complex. Travers assumed that the information stored is

highly compressed and fragmented, but capable of being reconstructed in

a way that approximates the original stimulus. Cherry suggests that less

may be stored of visual inputs than Penfield's evidence would suggest.

Compression:

Visuals seemIobe_transimitted through boundaries. Attneave states

that a representation which emphasizes boundaries and de-emphasizes other

information is an effective means. of transmission. The line drawing

satisfies this condition. Travers points but,that some :individuals are

more effective visually, others verbally. In an audiovisual transmission,

an individual can choose whichevell4 he can most effectively use. In some

of Travers' experiments redundant information was played through both

channels, faster and faster. His observation was that "at the highest

speeds, some subjects tended to close their eyes while. others placed their

hands over their ears, indicating that only one transmission was being

received. The model implies that the main restriction on the amount of

information that can be handled'is derived from the fact that highest

crocessing level is a limited capacity system. If this is so, then one

might expect that as much information could be received through the ear

as through the eye...." (1966).

The Broadbent- Travers line of research seems to support

the generalizations that: (a) as long as information is pre-

sented at a rate equal to or greater than a student's ability:.
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go,

.

to process information, then there is no apparent advantage in_

using two channels carrying redundant information; (b) if the

rate of presentation is less than the capacity of the student

to process it, then there may be some advantage to using two

modalities; and (c) as the complexity of the learning task

increases, the advantage of using the visual mode increases.

Under these conditions, using the sound track for naming of the

objects on the sound track as relevant increases learning.

The two items which have been considered constants in general education

theory are that: more information is acquired when the same information is

transmitted simultaneously through both channels.than when only one is used

and that the more realistic a presentation, the more effective will be the

transmission of information. Juxtaposed against these statements are the

work of the psychologists and the physiologists working in perception and

information theory.

Rate of Transmission and `Channel Switching:

Feigenbaum and Simon went further than the preceding research has

indicated, and hypothesized that information was lost in the about 200

milliseconds required for channel-switching when that occurred. Cherry

supported that contention.

Two sources of :nformation coming through the same or different sense

modalities can be utilized simultaneously if the rate of transmission is

_very low. .When Reid tested for rapid switching between two channels at a
..

relatively high information rate he got the same results as Feigenbaum
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and Simon; that is, the switching time appeared to be time-out from .learning.

Moreover, the subjects became quite hostile. Auditory comprehension falls

off more rapidly than the video, and the audiovisual presentation begins

to show an increasing advantage over either one alone until two different

tracks of information are rapidly switched from one channel to the other.

Capacity Limit:

At any rate, although human preference for complex experience seems

evident, tolerance for it appears to be limited.

Hsia (1968) points out:

The simultaneous. AV channel inherits the advantages and
disadvantages of both A and V channels,and presumably has
advantages over the A and V only if its A and V stimuli are
-closely identical, such that one channel provides cues and
clues for the other channel when the number of clues is no
more than optimum, or when the sum of information is not in
excess of the capacity of the central nervous system, as
additional cues might cause distraction and conflicting
responses.

Since A is believed that there is a capacity limit for any physical

or physiological channel, what is total capacity? Any 'information beyond

the limit is lost and the loss is called "equivocation." In addition,

there are "error" and ,"noise," unwanted information. In order to combat

these tnree, any communication system usuallY,employs the redundancy

pr4.nciple, which in the English language is 50 percent.

which is Better--Seeing or Hearing?:

It has been found that audio is better than visuals for young children.

But, as language-Skills are developed into literary skills, visuals seem

better. Consideririg ali studies, it must be conceded that there are factors
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influencing the relative effectiveness of both channels and that neither

is inherently superior to the other.

The problem of communication efficiency is to reinforce one channel

with the other while keeping down between-channel 'interference effects.

As a rule, a visual presentation can contain more information than

an audio presentation. What appears on a TV screen far exceeds the input

capacity of the central nervous system. Therefore, a, selection of infor-

mation is made and the rest discarded, though not at random or by chance.

When the information rate'is below 2-4 bits/second, any modality will do,

since this is optimum learning rate, as established in several studies.

Each ofthese studies found that, if the information is presented at a

low enough rate, learning will result.

Redundancy:

Redundancy is probably the most effective communication device man

has fund to cope with equivocation and error. However, it inevitably

raises the cost of information processing in terms of time and capacity,

as redundancy necessarily takes up 'information space and/or\time.. In

order to reduce equivocation and error, it is necessary to increase

redundancy,but to increase redundancy is to decrease information. This

is the communication theorist's perfect dilemma.

In the Hsia Study it was found that the visual' channel was more

g..e.pendable Than the audio channel; whereas, .the audio Channel was more

efficient than'the visual channel. The visual channel made less error

but processed less information than did the audio. There was no significant

difference in recalled information between audio and video.
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What is the Significance of These Studies?:

o The evidence seems to indicate that multiple, sensory inputs are of
4.3

value only when the rate of input of information is very slow. The

silent film with an alternation of picture and print seems as good

as anything.

Providing total realism would seem to be unnecessary. Man responds

to highly selective information and cues. A learner should not have

to discriminate between relevant and irrelevant details. A line

drawing of the wiring of a television receiver might be as effective

for kit-assembling as a picture of a box, with no identifying labels.

It would appear that the relationship of the timing of the occurrence

of'eventi is of more crucial importance for effective learning than

beautifully prepared materials.

Incidentially, a study by Chan, Von Mondfrans, and Travers on the

value of using special effects, such as music, color, etc. showed that a

more glamorized visual version of a particular study material produced

greater learning with the printed materials but at the expense of the

auditory channel. The total information received was the same, but the

distribution of the source of information was changed.

Gropper concluded that "A single word, as has been aptly put, can be

worth a thousand pictures." That is, words serve a cuing function. He

.A.

found that visual/verbal order was an effective combination for learning

to take place.

The general conclusion that emerges is that More often than not, there

is no learning advantage to be gained by a fanCier, more complex treatment.
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Twyford (1951 found a negative correlation between how much students

reported liking a film and how much they learned from a film. As a

rule, techAcal slickness does not increase the amount learned from 4

film.
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CHAPTER III

The Picture - Realistic or Logical?

Line Drawings Most Effective:

Attneave proposed that we learn to distinguish shapes from

boundaries and, thus, that a line drawing was as_ good as a realistic

preseritation. Knowlton (1966) went a step further and concluded that

"A detailed realistic picture, in being worth 10,000 words, may thereby

say too much."

Just as the visual world is sometimes too complex for

some purposes, so, too, for some purposes, are realistic

pictures.

This is the reason why barren, highly schematized pictures

are often used.. By schematizing, one hopes to eliminate noisy,
noncriterial attributes.- When

schematizing,
is.carried to

its logically furthest extreme, the elements in the state of

affairs represented are represented in a totally arbitrary

fashion. When this occurs, one has what is here called a

logical picture: a visual representation wherein the elements

are arbitrarily portrayed, while pattern. and /or _order of con-
,

nection are isomorphic withAhe state of affairs represented.

An example of a logical picture is a circuit schematic.

Another is a highway road map ....

Thus it is that a logical picture would seem to have'a

great potential for signifying relationships (or structure).

Indeed, it would seem that in some cases, it is only by means

of the logical picture that it becomes possible, iconically, to

unambiguously signify relationships between elements. (Knowlton)

At the Pennsylvania State University, the Division of Instructional

Services has been conducting experiments since the late 40's. A large
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report, filed with the Navy, formed the backbone of much of the present

research. Under the direction of F. M. Dwyer, a series of tests have

been run to determine the best types of visuals to be used for various

learning situations and ages of particjpants. Most of this work has

been done with ninth through twelfth graders and college students. In a

series of articles reporting the results of these tests (1967, 1968, 1969,

1971), a consistent relationship between using line drawings to repre-

sent items and faster, longer retainedrning seems to be shown. He

states it thus:

The use of visualization to illustrate' verbal instruction

does not automatically improve student achievement of all types

of learning objectives.

Increases in realism in a visual does not always cause a

significant increase in learning. There are practical limits

beyond which increased realism will not lesult in increased

learning.

The effectiveness of the line preientation treatment in

facilitating student achievement on the delayed retention

testing is ih accordance with recent literature

Another possible explanation for the poor showing of

_the realistic photographic sequences--(is that) the initial

impact of excessive realistic detail may be sufficiently

strong to detract attention from relevant and important

learning cues ....

In terms of economy of production and instructional

effectiveness, the abstract-line resentation was most

efficient in promoting S's achievement on the drawing

Tiiii7identification test, terminology test, compre-
hension tests, and total criterial test. All S'd viewed

the instructional presentations for equal amounts of time.

The line drawings contained limited information and could

be perceived and absorbed quickly.

Much of the visual material a' sears to be incor orated

in instructional presentations merely for the purpose of

filling the video channel.
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The presentation using abstract line drawings should be used
to complement oral insCruction designed to J1 student
achievement in drawing, identification, and total criterial tests.
The oral presentation without visuals should be used to facilitate
student achievement of educational objectives measured by the
.terminology and comprehension tests.

The oral presentation without visuals was as effective as
the visually complemented treatments on four of the five cri-
terial tests. The ex:eptjon was the drawing tests in which
the abstract line presentation was found to be significantly
more effective ....

Dwyer's tests are an extention of the Hoban and Van Ormer study for

the Navy on Instructional Film research, in which they pointed out that

cartoons were an effective means of presenting visual material.

Cartooning omits all except the essential detail and
often eAggerates the crucia1'characteristics of appearance
and behavior. The cartoon thus seems to be an adaptable
medium for presenting crucial cues.

Learning from Pictures:

Moore and Sasse (1971) tested the theories of Piaget, Travers, and

Miller (1938) that there is a developmental' aspect in student ability to

learn from pictures. They concluded that line drawings are generally

the most effective type of picture and that photographs seemed,to be the

least effective type of picture when tested across grades three, seven,

-and eleven.

Travers and Alvarado (1970) pointed out that it was of utmost importance

to discover "when children become capable of .interpretin the dynamic proper-

ties of pictures, for until a child can do this there is little value in

presenting him with most of-the-pictorial materials that are introduced

into his education." Piaget and Inhelder (1956) and Miller (1938) had



pointed out that young children, when asked to reproduce a drawing,

tended to reproduce the outline with considerable accuracy; but the

details were not properly located, indicating that there was a problem

in space perception. fact, Miller had tested third grade children

and found that they could Describe correctly only 20% of the main ideas

in the pictures which were used in their school books. Items in the

pictures were seen as isolated rather than as parts of the unified whole.

Travers undertook a study on the development of the perception of

pictures by children. The children ranged from nursery school age (4)

through sixth grade (12). The study showed that young children latched

onto a particular object in the picture and failed to observe other items.

On successive trails the young children typically reported the same object

again and again. It-was found that they were incapable of

unified wholes before the third or fourth grade (age 9-10). He pointed

out that the use of color gave a lifelike appearance which helped them

recognize a dynamic, ongoing scene, in the still picture. He goes on

-to explain his reasoning:

A minimum condition for receiving information from a
picture in that the person involved attend to it. Living
organisms are systems with'a limited capacity for handling
information and have to be selective in what they attend

to. If there were not, they would constantly find them-
selves swamped with.large volumes of useless information.
Some simple rules seem to guide the attention process in most
nigher animals. They avoid immediately returning to'the part of
the environment they have most recently inspected, and children
will turn to a new book rather than go over the one they have
:just finished. The tendency is a deepseated and primitive
tendency, important for survival in the wild state. An animal

that kept on inspecting the same parts of its environment would
be unlikely to find the food it needed.
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Man'S perceptual system functions as an information system
that requires a continuous input-of new information. When new
information fails to come from the environment, activity is
initiated and continues till new information is received.
Deprive a person of inputs of new information by placing him
in a dark soundproofed cell, and he finds the situation
absolutely intolerable ....

Children do, of course, frequent] return to familiar
pictures and books and this form of be avior is not inconsis-
tent with what has been said.

A related finding is that humans show a preference for
viewing visual displays that have some complexity to them.
Such a preference is shown at a very early age. This does
not mean that more is learned from a complex display than
a simple one, but only that the complex displays are viewed

longer ....

We suspect that the primary function of most illustrations
is to make the product more marketable rather than to stimulate
the pupil or to make him more knowledgeable. This is the rea-

son why so much pictorial material to which children are exposed
is designed in terms of adult tastes rather-than interns of the
learning requirements of children.

0

The primary information-giving function of pictures is to
handle that 'information which cannot be readily coded into words.
If informatioh is readily coded ... then there may be no need

for a picture .... That lustymisleading cliche,that a picture
is worth a thousand words, should have been laid to rest long
ago in the graveyard of-half truths. Pictures are useful when

one is concerned with transmitting crude and rather imprecise
information about the environment.

Eye Movements:

Wolf (1970) analyzed eye movement of subjects viewing motion picture

films and revealed a continuum of movements. No movement, or minimove-

ments, were related to intelligence, but age and learning did not affect

the viewing habits. Students in grades 6, 8, and 11 were divided and tested.

Results snowed that subjects look at a few well-defined areas of a screen.

In plahning visuals, it might be well to consider where the subjects

normally focus.
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CHAPTER IV

Color -- Should You or Shouldn't You?

The study of color versus black and white recurs in the literature

again and again: The reason'is that--overall--people couldn't find much

relationship between the addition of color and the effectiveness of

learning. Empirically, it seemed like a good idea. But structured tests

seemed to reveal little support for the contention.

Kanner (1968) reviewed all the evidence and found that "as measured

by objective tests, the findings reveal an apparent lack of color

effectiveness upon learning."

A consistent finding is that, as the number of color coded items

increases, the value of color as a cue for selecting important information

decreases. In a very dense visual display, color coding at some minimal

level helps in picking out important information; but if you increaSTUils

use of color, its value as a selection cue diminishes.

Hidden in the VanderMeer reports of studies conducted in 1952 were

tne findings which would change the opinions, but it remained for Dwyer

to restate the findings in 1969. VanderMeer found that there were no

differences between color and black and white films in the immediate

tests of learning. He reported, however, that the results suggested that

color combinations reduced the rate of for ettin in retention tests.
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Da per retested for the long-term retention rate and found there

did seem to be some latent learning, in some casts. He then stated

that:

For specific objectives the addition of color in
certain types of visuals appears to be an impor-
tant instructional variable in improving student
achievement.

Different types of colored illustrations differ in
the effectiveness with which they facilitate student

' achievement of identical educational objectives. (1971)

In terms of economy and instructional effectiveness
the black and white abstract line presentation was
most effective in facilitating student achievement on
the drawing, identification, and total criterial tests.
The colored abstract line presentation was the most
effective presentation in promoting achievement on
the terminology test. (1968),

If color makes no difference in learning on a general basiss\why do

we feel intuitively that color is better than black and white? Students

queried in these studies and others not cited have responded that they

liked color better (but the film subject matter actually affected the

student's attitudes more than color).

In a study by Katzman and Nyenhuis (1972), an attempt was made to

find out what really did happen with the addition of color to visuals.

Deutschmann, Barrow, and McMillan (1961), Kumata (1960), and Schaps and

Guest (1968) seemed to have-ene-fill4ing in common -- additional visuals

cues, such as those provided by a live presentation orthe addition of

color, seemed to increase recall of peripheral material. Peripheral

material is defined as any 1;.edia content that is not relevant to the

basic information, message, plot, or theme being presented. The results

of toe Katzman and Nyennuis study tended to support the idea that color
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"incllggs recall of peripheral material, but does not increase recall of

central material of any sort." -They also found that people tended to

haveatItofcolorm^ial,eventhouhtherliher'udmerletresult

in learning was' negligible, to say the least.

To make sure of the results, they ran the experiments again, with the

same results. Therefore, they concluded that: it appears that the addition

of color to an audiovisual presentation raises the judgment of certain

aspects of that presentation and improves learning of pictorial material

that might be considered peripheral, irrelevant, or detail. Color does

not impove learning of central material";

Isaacs (1969) concluded that color coding made no significant difference

in reducing the number of trials required to learn the types of material

presented in his study. Tolliver (1972) concluded that college students

learned better from the position of items, rather than from color, on 16 mm
r.

motion film.

Hoban and Van Ormer had concluded that color appeared to be a distracting

influence under some of the conditiOns they studied and attributed this to

the fact that it sometimes distracts the learner from important cues. They

concludet,that to use color effectively, one would first have to determine

what the crucial learning cues are and ,then emphasize these cues by the

color medium.

Reich and Meisner (1972) decided to attack the problem in another way.

Perhaps color changed the nature of a program in a fundamental way. Dichter

(1969) had concluded that color is a more emotionally involving medium.

Scanlon (1967) had thought that "color changes the emotional impact of
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television; that it alters the importance of the spoken 'word; and that

color makes viewers more participant,, dnd less observers. In short that

color is a new language." They set out to find if this were true. Their

finding was that color television did not seem to be at all different as

an instructional medium from black and white. Their final conclusion:

Color is enjoyed much like the cnerry on a sundae-1
it's nice to have it there, but it doesn't do much to change
the flaVor of the ice cream underneath.

The Question of Ciilor Blindness:

. Richards and Macklin (1971) decidad to study the seeming inability of

some people to read colored overhead transparencies. What they concluded

was Oat color blindness can be a real hinderance for a student. .Designers

should take heed.

For brieflexposure, it takes about four times longer to
see color than black and white. Earlier studies indicate that
the brightest color contrast is only 35 percent of black and
white contrast. Recent work of Guth and Eastman (1970) gives
measurement of color contrast and visibility that should help
in making better colored transparencies. When luminance con-
trasts were over 40 percent, color had little effect on
visibility. Colors that are confused by people with deficient
color vision should be avoided when making color-coded trans-
parencies, e.g., protans confuse green and tan, dull green
,and brown, greenish-blue and pink, and blue and dull purple;
-dutans, green and brawn; bluish-green and pink, greenish-blue
and purple, blue and blue-purple, and tritans,blue and dull
green, blue-purple and yellow-green, and pink and orange.
Protanopes confuse greens and reds although the reds appear
darker than they would in normal color visual and deutanopes
may not see greens and reds of equal luminance as different.
Unless properly used, color coding may be a source of con-
fusion, or not seen, by about 8% of men and .5% of women.
When distinctions are critical, means other than color should

Reds and greens of similar brightness and pastel shades
cause greatest confusion for men with deficient color vision.
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Color and the Young Child:

Some of the most interesting experiments are continuing at the

University of Southern California, Los Angeles, in the Instructional

Services unit. Booth and Casey have done some experiments which would

indicate that color is not a necessary ingredient in children's learning

materials, which seems to to, in direct contrast to what all primary

teachers and most parents beliive. In a telephone interview, Casey

reported:

Color is "noise" to first and second graders. It

removes the information received on the audio track. By

fourth grade, if color TV is used at-home, the color is

used for information; if black and white TV is used, the

color is not used for information.

Blacks perform at about 2 grade levels lower; that is,

they respond to color at an earlier age.

Color is part of the "dog food syndrome." Dogs don't

buy dog food; people do. They buy what they like, or think

the dog will like.

To which Travers (1970) adds:

Preference for realism appears to extend to some degree

to the matter of color. Children not only preferred realis-

tically colored pictures, but they also preferred the un-

colored illustrations to the unrealistically colored ones.

(However, the conclusions need some qualification.

Commercial voducers of color film for amateur photo-

graphy long ago discovered that the public prefers to

buy film which tends to present colors more saturated than

those found in nature. Attempts to sell color film that
provide strictly realistic colors have been unsuccessful.)

Simplicity and fidelity are quite compatible principles

to apply at the lower levels. Most pictures for the lower

elementary grades do not satisfy these criteria. Many ...

are stylized drawings.... The coloring is typically

unrealistic. The pictures presented ... are not designed

in terms of the tastes of children. These are the illus-

trations least preferred ... by the elementary school pupil

audience for which they are intended.
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Wilbur Schramm (1972) adds that in talking about color, per se, we

neglect to include the situation in which color is necessary--when color

is the element being taught. He also points out that)Motivation ma/ be

increased with the use of color, so it should not necessarily he ignored.

Kanner (1968) believes that words can be substituted for the actual

perception of color and that this seems to be an adequate substitute.

Color and the Color TV Rec'eiver:

Rudy Bretz, RAND Corporation, points out a rather interesting

pnenomenon. That isthat a high-quality TV image on the home receiver

is not determined,b.ythe'sending location but by the condition of the

receiver, along with the homeowner's (or teacher's) relative skill in

picture adjustment. He makes his own feelings known about most people's

tuning ability with the following, "One can only conclude that realistic

color is not a very important factor in entertainment television."

If it is heightened realism which color television is to
offer instruction, the prospect is dim. If classroom receivers
will be largely consumer product models, as black and white
sets in the schools are today,and operated by school staff
personnel with little more technical expertise than home viewers,
as black and white sets in the school are today, realistic color

car, hardly be expected.

If it is increased persuasiveness, added emotional appeal,
a positive attitude, that color is to bring to instruction,
am afraid the chances are also fairly dim. To be effective,
color must be pleasing.

To be fair, he adds the following:

Progress, however, is inevitable in the field of technology.
I believe we will see the universal use of color for all pic-
torial purposes, except for special reasons. Until that day,
I believe black and white will be fully sufficient for our present
instructional purposes, and, in comparison with unrealistic color,
definitely superior.
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CHAPTER V

Motion, Music, and Other Subjects

\\

Motion:

Before it was possible to choose many forms of audiovisual materials,

there was little problem in showing what was meant by a particular object.

Word descriptions were used, with perhaps a few sketches and, later, some

woodcut stills. Only in the middle of the Twentieth Century could we ask,

"Is motion required to enable a learner to learn?" Since it is possible,

it is assumed to be indispensable.

Researchers have carefully evalUated motion films used for teaching

and have reached the surprising conclusion that, even when the subject

bAintauhthasitlerentrno\ionoemotionsinlabout459flownis

relevant. In other presenta0'ons, there is even less relevant motion.

The rest is wasted footage. (Mcaukey, 1925; O'Connor, 1942; Keisler,

1945; Irwin, 1950)

Perception of motion is manufactured in the brain. All presentation

modes are equal--and really a series of stills, if we examined them

carefully. However, it has been concluded that under some conditions,

motion is an effective means of presenting cognitive information. To

test for the conditions, Allen, Daehling, Russell, and Nielsen (1970) used

seven different modes of testing. These ilicluded motion pictures, still

pictures, print only, audio only, etc. They found that. in general, motion

37



is very effective. But, if they added audio, the advantage was wiped

out. Sound related to still 'ictures a eared to be as effective as

sound associated'with motion.

Early evaluative studies were reported in detail in Allen (1960)

and showed, in general, that still presentations were about as effective
3

as motion pictures in teaching factual information. Other studies have

found no differences in learning when instructed by motion or still

pictures. Allen, Hip, and Cooney (1967), using motion pictures and

still pictures to supplement prepared verbal, instruction, found no

differences between the two visual presentation modes. In a study on

the audio implementation of still and motion pictures., Allen, Cooney,

and Weintraub (1968) found no significant differences in performance

under the two pictorial presentation conditions either for different

mental ability level groups or when supplemented by different kinds of

audio narration. In an unpublished study Fishell and Koch (date un-

published) compared sound motion pictures to three adapted sound film-

strips and found that there were no significant differences between the

two modes.

Why should this be? Robert Travers theorized that channel switching

might De the reason. Most contemporary books on audiovisual education

take the position that learning will occur most effectively when both

tne auditory and the visual channels are being saturated with information.

He is an advocate of the single-channel of perception. Time loss in

channel 'switching can be observed when the information density is such

that it has reached the limit of the capacity of the organism to handle

(referenced on p. 21). This, of course, is a typical rather than an
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exceptional state of affairs.. The educational sound motion film can

hardly be used economically unless it is transmitting information at a

rate near the limit at which information can be received by the learner.

Undeg such conditions. the loss of learning through channel switching

becomes most evident; Travers says:

This problem has not even been considered by-the'
designers of those sound motion pictures which are to be

used as teaching devices. From what has been learned ...
there would appear to be much in favor of education motion

pictures designed after the pattern of the old silent
pictures which alternated print with visual displays.

Wells, Van Modfrans, Postlethwait, and Butler (1973) decided to

test for: (1) Within a flexible system such as an audio-tutorial systems

approach in which it is possible to present information via several media,

are there general guidelines for selection of specific media to present

specific concepts? (2) Are some media more easily adopted and adapted

for use in an independent study format?

They studied the visual concepts involving the manipulation of time,

space, and motion in both timed and untimed studies. The media tested

were sequential still photographs, slides, and motion pictures. All

three presentation modes were developed from the motion picture footage

to ensure that all subjects would view materials containing identical

information.

The advantages and disadvantages of using each medium were discussed

by the researchers. Motion pictures were cited as requiring sophisticated

equipment, being costly to develop, maintain, and replace, and, in general,

a burden to time and budgets. It was also pointed out that motion pictures

are inflexible, in that students ,-must view them where and when projection
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equipment is available, thus often making review impossible. Slides

require preparation of multiple slide sets, making the cost nearly pro-

hibitive. It was concluded that the same shortcomings of cost and

flexibility noted for motion pictures were applicable to slides.

RESULTS

Concepts Involving Time:

The test scores were higher for students who viewed motion pictures

than for those watching the two static displays. It was thought that

this finding could have been the result of the particular slides and

sequential stills used (either the number used or some other unexplained

"peculiarity"), but the conclusion is that:

It appears that concepts involving time are best
presented with a medium which allows a continuous pre-
sentation (as perceived by the audience).

Concepts Involving Motion:

Since perception of motion,like perception of time, requires

perception of a series of continuous events, the ability to detect

motion requires a point of reference. Though a static instantaneous

representation, such as a single slide or photographs, does not directly

transmit information concerning the direction, or speed of motion, it

was hoped that the number of slides and photographs would be enough to

ensure the point of reference necessary to recognize motion.

Wells, et al., found that the movie treatment was more effective

than sequential still photographs in presenting concepts involving

motion.
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What was quite unexpected, however, was that slides were

also more effective than sequential still phato4TiFiTWIT
the e was no si nificant difference between the effectiveness

0 M t on pictures an S i es.

Wells, et al., believe that one possible explanation may be that,

in the case of sequential still photographs, the subject was required to

move his eyes across the page, constantly changing his reference point.

When viewing slides, the subject focused his eyes on one point while the

slides changed, making the object's change of position in each succeeding

slide more apparent. If the sequential still photographs had been presented

in a flip-book format (like some comics of old) so that each succeeding

image replaced the one that preceded it, a similar result might have been

obtained.

As has been pointed out previously in this report (p. 28-29), Travers

and Alvarado found that the addition of c seemed to help children ,

recognize a dynamic, ongoing scene in still pictu es. By use of other

devices, such as arrows pointing in the direction of motion, blurring and

extending lines away from the direction of movement, or depicting objects

that are not in equilibrium, artists are able to transmit such information

in single pictures. Travers also found that it was difficult to-find

textbook pictures depicting a static state, since most pictures depict

some movement (boats moving, trees falling, lumberjacks swinging axes).

Concepts Involving Space:

The mean scores of the treatment groups suggested that

slides and se uential still hoto raihs were more effective

t an motion ctures for resentin conce ts nvo v n s ace.

Discussion of the reason for this finding included the following

hypotheses. Space as involved in the concepts used in this experiment
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remained constant. Also, where the aspects of space itself were of primary

importance, motion was distracting. Therefore, they concluded that it

was reasonable to) consider static pr entations more effective than motion

:

pictures in presenting concepts involvi g space.

Wells, Van Modfrans:Postlethwait, a d Butler had raised a second

question in this study--i.e., whether certa media are better fitted for

use in an independent study format. This is a swered by the analysis of the

data revealing no significant interaction betwee study format (timed

and non-timed) and mode (movie, slide, stills). 7e one exception was

the mode-format interaction for the time spent studying the materials that

included concepts involving time. The length of time required to present

the slides in the timed format was fixed by the five-second timing of the

projector. And much of the extra time required for the non-timed movie

presentation can be accounted for by the time consumed operating the

projector for review. Thus the significantly greater length of time

required for these two combinations of mode and factor can be attributed

to an artifact."

There is no demonstrated superiority for any one form of
media in an independent study format.

Bretz included this advice for the Armed Forces training groups,

"Tne chances are very much against full motion being necessary. Since

realistic representation is not relevant to abstract subject matter,

natural motion is not needed. A still picture of a hand dropping a

ballot into a ballot box may be a good symbol to use in expressing the

idea of self-government."
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Background Music:

The few studies which exist imply that music may actually distract

the pupils from what they are expected to learn.

Size of Pictures:

Screen size, film or TV, 'seems to make no difference in learning if

the viewer can see clearly what he is supposed to learn. Location of

items within frames does seem to affect learning (Isaacs, 1969; Wolf,

1970).

Sex Differences in Visual Learning:

Dwyer (1970) reports that in general boys and girls learn equally

well from identical types.of visual illustrations when they are used to

complement oral instruction., At high school level, the results indicate

that there is.no need to develop separate learning materials for students

based on sex.

Mental Ability:

It is reported that there is no support for the idea that lOwer

mental ability students learn more from pictorial than from verbal

presentation. (Dwyer; Allen, Daehling, Russell, and Nielsen)
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CHAPTER VI

Human Perception and Design of Materials

Fleming (1970) prepared an instructional designer's manual which

incorporates perceptual principles as known today. His guidelines

relate specific principles to specific action. Some of them are

included in the following section.

GENERAL

1. Man's perception is relative rather than absolute.

A. Provide anchors or reference points to which
perception can be related.

B. Pack the message relatively.

2. Man's perception is selective.

A. Limit the range of aspects presented.

B. Use pointers.

3. Man's perception is organized.

A. Make apparent the organization of messages.

B. Choose organizations consistent with concepts
or subject matter.

4. Perception is variable, i.e., man perceives what he
expects or is set to see and what his individual style
and maturity and experience make more likely for him

to perceive.
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PERCEIVING BRIGHTNESS AND COLOR

Brightness, or intensity, and-color are basic attributes

of amessage that are under the control of the designer.

A change in stimulation is necessary for sustained
sensitivity and normal functioning. (Berelson and

Steiner)

An absolutely unchanging and homogeneous sensory field, be

it overall light or dark or colored, becomes perceptually the

same as nothing at all. Persons confined to such environments

have difficulty sustaining perception, and tend to hallucinate.

Our sensory apparatus satiates, i.e., it becomes weary or

fatigues under unchanging stimulus conditions.

The amount of change in energy necessary to
effect a just-noticeable difference varies
directly with the initial amount of energy
present. (Berelson and Steiner)

The lighter the initial shade of grey the greater the change

in illumination will need to be in order for the change to be

detectable.

In general, the order of preference among
Western people is: blue, red, green, purple,

orange, yellow. (Vernon)

Apparent brightness and color are influenced
by adjacent brightness and color, and this

adjacercy can be either side-by-side in space

or one-after-the-other in time. (Vernon)

PERCEIVING ELEMENTAL FEATURES

Certain kinds of stimulus features, such as
contours, are accentuated in perception, while

others, such as uniform areas, are not. (Graham)

Physiological evidence suggests that contours and edges are

one of the most "exciting" visual phenomena we encounter.
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Horizontal and vertical lines are perceptually
more stable than lines at other orientations.
(Forgus)

An'effective combination of iconic and digital
signs appears to be A pictorial stimulus and
a verbal- response or label or description.
(Use the visual/verbal order) (Gagne and
Rohwer; Gropper)

We meet people and learn their names; we observe moisture

forming on windows and hear the-term condensatio;i.

An effective combination of digital signs is a
more concrete work as stimulus and a lesk cqn-
crete work as response.(Paivio and Yanitt)

WORDS

We recognize words in reading without identifying all letters.

Some of the features used are the redundancy of spelling patterns

(random removal of letters, within limits, leaves intelligibility

intact) and the overall shape of words (letters extending coove

and below the line, overall length). (Neisser)

Pictured objects (iconic signs) appear to be memorized more

readily than their names ( digital signs) presumably because of

the greater number of perceptually available attributes.

PERCEPTUAL. CAPACITY

The greater the amount of processing (coding)
required for certain information the less the
capacity for that and other information, and
vice versa, will be. (Marcy)

There is some evidence that well-organized, readily coded

material can be presented too slowly for perceptual and learning

purposes, allowing students to perform unnecessary or erroneous

recoding operations. (Neisser).
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How much can a learner perceive and how much can he learn at

one time?

An individual can perceive at a glance up to
about seven items (+ 2). For familiar objects
he can report some attributes about them:
number, name, etc. (Wier)

An individual can store in immediate memory up
l_to about seven familiar items. (Miller)

The perceiver partitions the available
information into a large or as appropriate
an item size as the stimulus and his
experience and intention allow. He is

said to chunk or cluster or group. (Miller)

The student who must learn 16 new words may, initially at

least, seek ways of grouping them: alphabetically by first

letters, by related meanings, by spatial arrays such as columns

or lines.

The better organized or patterned a message is
perceived to be, the more information the
observer can receive (and process) at one time

and/or the better he will retain what is
perceived. (Berelson and Steiner)

A string of nine digits is more difficult to learn than three

strings (groups) of three digits, as the telephone company knows

full well.

The more familiar the message to its audience
the more readily it is perceived. Thus, message
familiarity increases capacity. (Berelson and
Steiner, Vernon)

Reading rates vary directly with the familiarity of words

and relationS in the passage. Unfamiliar material takes longer,

involves more reading.
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SINGLE CHANNEL. CAPACITY

For verbal materials in a single channel situation,
the visual channel (printed message) appears to
have greater capacity than the auditory channel
(spoken message). At least, it seems clear that
the,more difficult or complex the verbal material.
the greater the advantage of the visual channel
over the auditory. (Severin)

TWO-CHANNEL CAPACITY

The two-channel research which has been most controversial

for message designers has been that by Travers. On the basis of

an extensive series of studies, he states the implications for

designers as follows:

"The evidence indicates that multiple sensory
modality inputs are likely to be of value only
when the rate of input of information is very
slow ..,. The silent film with alternation
of picture and print would appear to find much
theoretical support as a teaching device."

The indication that multi-modal materials such as classroom
r

are frequently overloaded with information does seem highly

probable. The fact that second showings of a film may increase

learning by 35 is supporting evidence .... It seems probable

that most instructional materials are informationall overloaded,

a condition that becomes most acute where presentation is at,a

fixed pace.

Practically speaking, the channel overload can be seen to

be of little consequence so long as the relevant portion of a

message does not exceed capacity, and so long as the learner

selectively perceives that relevant portion. (Hoban and Van

Ormer)
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SUMMARY

Estimates of single-channel capacity are still tentative.

For words presented auditorially the estimates range up to 400

words per minute or a prose message (Travers). Much less is

known about pictorial capacity though subjects can remember

(recognize) with 90% accuracy over 2,500 pictures which have

been presented at the rate of one every ten seconds (Haber).

The weaknesses of the auditory channel were noted,

particularly for difficult material. The lessons for the

designer are clear: shorter sentences for auditory material

more redundancy, and excellent technical quality.

Multiple-channel capacity has been a recent source of

controversy among researchers. The case for simultaneous pro-

cessing. of information in two modalities or of two sign types

is still to be unequivocally demonstrated, though motion

picture and TV producers may be convinced that one can hear

a track and see the action simultaneously. Of all the possible

combinations of modality and sign, the one that appears to be

most compatible and to permit the highest information load is

the auditory modality (verbal sign) in combination with the

visual modality iconic sign), i.e., the slide and tape presen-

tation, the film, television, the teacher talking while showing

an overhead transparency, etc. Thus, employing separate modalities,

each with differing signs, should permit the perceiver to select one

or tne other with minimum interference or, toq a degree, simul-

taneously perceive both.
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The three key perceptual principles considered are similarity,

difference, proximity. Man groups similir things and separates

different things. And the process is influenced by the spatial

or temporal proximity of these things. Concepts are based on

. simillalpities, but learning to use them may depend heavily on the

differences that distinguish one concept from another.

GUIDELINES FOR THE DESIGNER

Making the organizational outline of a message apparent

(subtitles in a film or transitional statements in a speech)

should improve perception and learning of its essential features.

Simultaneous presentation of several examples of a concept,

such as drawings of various fungi, should be superior to one-

at-a-time successive presentations.

Words imbedded in meaningful sentences should be more

readily related and associated in memory than words presented

outside of sentence contexts.
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CHAPTER VII

What is the Best Medium to Use?

When Greenhill prepared a report on instructional films and instructional

television, he made some cogent remarks. In testing for the best means ot

delivering material to students, it has been reported many times over that

there is no significant difference" between instructional films, television,

and other test variables. He commented:

While a finding of no significant differences does not

prove that no differences exist, there is a practical value in

such results in that consistent findings of nonsignificant

differences in learning from different instructional methods

give educations administrators some confidence that several

alternative methods of instruction are available to use, and

the choice of which should be used in a specific situation may

be based on considerations other than relative effects of the

methods on learning.

His argument continued for the choice of television for several reasons, two

of which were:

Television has excellent distributive powers.

Television may offer courses that would otherwise be

unavailable. Such courses may prove to be very
satisfactory for the retraining of adults, especially

in technical and professional fields.

Gross (1968) reviewed all the experimental research in educational

television to that time and reported that it was obvious that television can

teach. Schramm had looked over all the experiments comparing television

teaching with conventional classroom teaching and found that mare than 400

experiments had been conducted on that subject. Of that tot 1 65Z reported

no differences and 212: favored TV teaching.
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There seems to be no difference between film and television

presentation of the same material.

Some other findings are:

PRESCHOOL

loaryclE211112_nortarlt

Meichenbaum, Turk, and Rogers (1972) found that preschool tutorial

jourams which structured cognitive activities and emphasized self-

Instructional trainin were most effective for reschoolers.

Gerald Lesser is Chairman of the Advisory Committee, Children's

Television Workshop, which produces Sesame Street. He has reported (1972,

Schramm) the assumptions behind the production and writing methods of

Sesame Street.

The research staff described observing these variations:

Some children can view television for hours with
their eyes rarely leaving the set. We were so
struck by this viewing style when we first began
doing research on appeal that we coined the term
"zombie viewer" to refer to the child that sat,
seemingly hyprotized in front of the set. Other
children constantly keep a check on all outside
activities ip the room while they view.

This last viewing pattern, in which a child seems able to
watch television while simultaneously keeping track of other
interesting events around him, has been described in other
psychological research as "dual attention" and seems to
cnaracterize com etent oun' children. 'ilombie

reflect iTiReTintense concentration or stupor.

In addition to these patterns, another common viewing
style displays overt, active physical and verbal participation
in the television action.

ma

Children learn more when they respond actively during
the program. (Gropper and Lumsdaine, 1961; Abbey, 1963)
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Motivation

There are prbbably some people in the world who work

hard at various tasks because they have acquired an exotic

taste for doing so. A heavy and persistent dose of the
Puritan ethic may do that to you. But most children probably
learn best what they want to learn, whether we think that it

is good fbr them or not. Here is where television's non-
punitiveness comes in. The child has nothing to fear when
tuning in, no threat of humiliation, no possibility of
disappointing others' expectations of him. If he does find
it threatening or simply uninteresting, he can reduce it to

personal oblivion. This rinci le of ersonal initiative

in TV viewing, allowing a chip full contro over irecting

his own attention 'seems crucial to children's learnin', but

is in s arp contrast to our army relief t at c ren never
do what is good for them unless they are forced to through

some form of compulsion. Since we always have segp enter-

tainment as competing with edutation, we have litliNe experience

in combining them to reinforce each other. (Lesser)

All children watch much television at home. But bright

children watch it less and less after their tenth birthday.

Less intelligent children remain constant viewers until ages

12 or 13. (Pannitt)

Attention Directing

Young childreo pay greatest attention to:

- Animated films

- Cartoons

- Animated stills

- Introduction to novel subjects or objects

- Initiation of novel action by the teacher-performer

(Palmer, 1963)

Items which have been found to be most helpful in directing a child's

attention by the research staff of Children's Television Workshop are:
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Incongruity

Animation

- Action

- Humor

- Anticipation and Participation

Diversity of Characters, Content,

(See pages 114-160, Schramm, 1972
of these findings)

SCHOOL AGE

Style, and Pace

, for complete report

Greater effort leads to greater retention and leads to greater

enjoyment of the learning situation. (Buenz and Merril)

y2aclakssjzetfjsstoLaVarilearnin.

Teacher and parent interest seem to play a part in how much

students learn.

Elementary students are more favorable to TV than their high

school counterparts. Attitude is based somewhat on subject

matter:

The preferable length of TV instruction is that to which

people have been exposed.-

Viewers prefer programs that use other students on them.

TV gives children the freedom to talk during broadcasts, some

asking, some explaining answers to questions.
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Without coordination between the video and the audio, one will

act as a distractor of the other. (Imagine learning Chinese

characters through pictures and Russian through the audio

channel at the same time.)

Programming

Since programming has a powerful effect on the programmer, if

not on the student, it appears that teachers should write

programs. (Cohen)

An apparently useful technique in revising programs is on

the basis of what students did not learn from them. An

apparently unsatisfactory method for improving programs is

to show television teachers their lessons.

Teachers

Good teaching is the same on television, film, or the lecture

platform. (Schramm)

Teachers are often hostile until they have had the opportunity

to participate in TV and then their attitude becomes more

favorable.

Television programs regarded as direct communicdtion with the students,

not for ootional use by a teacher as an "illustration," are more

successful. The teachers then regard them as "show" for students,

not "model lessons" by a "super teacher," which is non-threatening.

(Ely in Schramm, ed., 1972)
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Planning and Usage

Planning must be done more than a month in advance for film.

For television, most teachers plan in advance about a week.

Teachers will choose to use television when it is available to

them over other forms of media.

A set available in the teaching room results in use of television

programs about 1 1/2 times per day. (If sets are available but

not in the room, 70% of the teachers use TV less than once a

month.) (Dobosh and Wright)

ADULT EDUCATION

There is no significant difference between viewing programs at

home versus in a classroom. However, Abbey (1963) working with

nurses who watched a program, found that those who watched at

home did significantly better than those watching in a group at

a hospital. Merrill reported, "When training nurses by broadcast

TV, those viewing at home learned significantly more than those

viewing in a group in a classroom. This means that we can direct

rofessional education of all kinds to home viewing. " McIntyre

has reported, "At the University of Illinois, we taught televised

courses where election of where to view was left up to students.

Half cnose classrooms; half the residence halls or elsewhere. There

is no practical effect on student achievement."
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GENERAL

Arthur C. Clarke has stated, "The hypnotic effect of a screen

may be necessary, even when the essential information is going to

a person's ears."

A restatement of Lesser's comments on motivation might say: Allowing

a person full control 'ver his own attention seems crucial to learning.
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CHAPTER VIII

What Research Tells Equipment Designers

"To live effectively is to live with adequate information."
(Nobert Weiner)

We have examined what multi-discipline researchers have told us.about

how the human brain functions. Now, let us define a system incorporating

the knowns into a single whole, which we will call "integrated." The

learner comes to a point which requires him to "discover" something which

is new to him. How can he best get the information which is required to

advance? What do we need which will fulfill the requirements of all

prospective learners--preschool, school age, or adult? The researchers

have structured that, too.

Television is the most universal of all the media in that it can

transmit and receive more kinds of information than any other.

Television already is primarily a means of transmitting films

and video tape recordings. Transmission of information from the

store to the requesting learner will be required. We have seen

that television is a carrier, or transmission system.

Several studies have been noted which indicate that instructional

films and instructional television make very little use of motion.

It is estimated that a still-TV media would be able to convey over

80% of the material which we now convey via full television (some

estimates range up to 95%). (Bretz)
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When at least one completely justifiable use for
television calls on its full potentials--sound, print,
picture, motion, and the immediacy of live transmission- -
television can be applied successfully as a universal

instructional medium. Under such conditions, a television

s stem can also be utilized for an telecommunication

t4rpiies, in full or partia modes, audio on y, st 1

pictures only, or simply as, a transmission medium to

distribute recorded materials. (Bretz)

When there are specific needs, which will not have to be replicated

often, how much effort should go into prodUction of materials? A

local answer to a local problem may be best. Here is why:

1. Local production can respond quickly to local need.

2. Local production can be highly specific--tailored to
particular needs.

3. Local production can be rapidly evaluated in practice

and rapidly revised.

4. Locally produced materials tend to be better used.

(Bretz)

It would seem that active participation by the student is

required - -in selection of materials and relative to it. We

have seen that when the student actively participates he

learns more and remembers longer.

It is believed that the limited storage capacity of the human

mind requires some kind of external storage of materials. With

the massive amounts of information to be stored (or libraried)

today and the rapidity of change in the materials, we have

neither the room nor the interest in storing all known materials

on a given subject at a local level. However, material on any
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topic must be available at some easily reached location. Do

we have to physically go to that location, or could we perhaps

have it sent out?

Therefore, we have several things which we would like to combine:

- Storage of all materials at central locations.

- Delivery (retrieval) of specific information to a learner
when he wants and needs it.

- A "universal" medium for reception of the material,
including both the audio and visuals.

A means for local production of materials which are of
unique interest to that location.

- Means of entering up-dated materials in the central
stores.

C. Ray Carpenter has defined such a system requirement thus:

The extreme of mass instruction and individualization
of instruction alone need not be used. All learning is
individual, but the conditions of learning can be varied
in terms of group size. The operational principle is to

move information and learning materials to the people and
reduce as much as possible the travel of people to the
places where learning materials originate or are displayed.
(The right size technology) is that size and complexity
which are necessary to setve well the essential education-
learning functions without excess or waste of resources.

(Schramm, ed., 1972)

Use of the television set (receiver) is a practical means of delivering

constantly updated audio and visual information to a learner. Remaining is

the problem that television programs today are scheduled, which precludes

ready access to information of a special nature for a few requesters, and

the problem of the amount of time eaten up with a re44,1arly-scheduled
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broadcast. Therefore, the problem, to be solved is delivery wit in a

reasonable time of any requested information, compact storage of

materials at a central .location where constant up-dating can tal4 place,

and active participation by the student so that material viewed and heard

is ngtained.
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