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THE EFFECTIVENESS OF A TYPICAL METHOD OF ORGANIZING
TECHNICAL INFORMATION SHEETS USED BY VOCATIONAL EDUCATORS TO
PROVIDE UP-TO-DATE INSTRUCTION TO STUDENTS WAS COMPARED TO
THAT OF TWO NEWLY DEVELOPED ORGANIZATIONS BASED ON "7THE
SUBSUMPTION THEORY OF MEANINGFUL VERBAL LEARNING AND
RETENTION" (AUSUBEL, 1962). AN OPERATIONAL DEFINITION STATED
AN ORGANIZER SHOULD (1) RELATE THE MATERIAL TO BE LEARNED T9
THE PUPTILS® PREVIOUS EXPERIENCE AND (2) ORGANIZE THE MATERIAL
AT A HIGH LEVEL OF GENERALITY. USING THIS DEFINITION, TWO NEW
ORGANIZERS WERE DEVELOPED--(1) A SUMMARY ORGANIZER AND (2) A
QUESTION ORGANIZER. THE TR ATMENTS WERE THREE INFORMATION
SHEETS THAT WERE IDENTICAL IN ALL RESPECTS EXCEPT THAT THE
TWO EXPERIMENTAL TREATMENTS EACH CONTAINED ONE OF THE NEW
ORGANIZERS PLACED BETWEEN AN INTRODUCTORY MOTIVATIONAL
PARAGRAPH AND THE BODY OF TECHNICAL INFORMATION, WHILE THE
TRADITIONAL TREATMENT DID NOT. THE TREATMENTS WERE REPLICATED
ON MODERATELY DIFFICULT MATERIALS AND ON DIFFICULT MATERIALS.
TREATMENTS WERE ADMINISTERED TO POST-HIGH SCHOOL, DAY-TRADE
STUDENTS ALONG WITH AN INITIAL LEARNING TEST. RETENTION AND
TRANSFER TESTS WERE ADMINISTERED 6 WEEKS LATER. FINDINGS
REVEALED NO SIGNIFICANT DIFFERENCES AMONG THE TREATMENTS IN
TERMS OF THE AMOUNT OF INITIAL LEARNING, RETENTION, OR
TRANSFER. NO SIGNIFICANT INTERACTIONS WERE FOUND BETWEEN
TREATMENT AND ABILITY OR BETWEEN ABILITY AND DIFFICULTY.
POSSIBLE REASONS FOR THE LACK OF DIFFERENCES FOUND WERE
OUTLINED. (JH)
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CHAPTER I

INTRODUCTION

Statement of the Froblem

Technology is changing so rapidly that many books

used in vocational classes are out of date before they ave

printed, Becausa of this, information sheets, which are

teacher-made materials presented to students in on effort
to provide current information, are becoming increasingly
important in the teaching of vocational and technical
clas;es. Information sheets also serve as a relatively
inexpensive means of providing imstruction to students at
the time they have need for it, thereby allowina for
certain kinds cf individual differences,

As greater use is made of information sheets it
becomes increasingly important to determine whether their
present format leads to efficient learning. Specifically,
is there another way of organizing information sheets which
will svrve to increase students' initial learning, retention,
and/or their ability to apply the obtained knowledge to new
and novel situations?

Although individual information sheets have long
been used by vocational educators, the effectiveness of
their organization has seldom been questicned. Since

Selvidge wrote his book on individuzl instruction sheets




in 1926 (31), it has served, relatively unchallenged, as

a guide for the development of all types of instructional
sheets used in vocational education. Learning theory,
however, has been modified since that date. Modern educa-
tional psychologists have'proposed ideas which are relevant
to the construction of information sheets. It appears
appropriate, therefore, to no longer take the traditional
organization of the sheets for granted, but to question

its relative efficacy. A more effective method for orgon-

izing information sheets could result in substantial savings

in terms of training time and costs.

It was, therefore, the purpose of this study to
compare the effectiveness of the typical manner of organ-
izing information sheets with organizations based upon the
"Subsumption Theory of Mecningful Verbal Learning and™ .

Retention' proposed by Ausubel (4).

Background of the Problem

As referred to earlier, educational psychologists
have progressed in their understanding of meaningful verbal
Jearning. Many authors (26, 28, 29, 33) are currently
reflecting the marked trend away from traditional learning
theories toward greater concern with experimentation in
meaningful learning. Underwood (33, pp. 133-152) indicated
that reviews of research for the period from 1950 to 1961

indicated some 1,000 reported studies dealing with human




learning.

Although considerable research has been done in the
area of human learning in recent years, many questions
remain unanswered. Aucubel (5, p. 3) has listed three
factors which he believes have contributed to this lack of
knowledge: (1) most of the studies in the field of learning
have been conducted by non-professional research workers
in education, including teachers; (2) the more rigorous
research in lecrning theory has been conducted by psychel-
ogists who were not connected with education; and (3)
educational psychologists of the past generation have been
precccupied with measurement and evaluation, personality
development, and non-cognitive approaches to learning and
pexrception.

The traditional base for constructing information
sheets is generally considered to be Herbartian theory.

It has been found, however, through a review of Herbart's
original work (25) and an early interpretation of Herbart
(1), that the typical information sheet does not represeat
a pure application of Herbartian theory; it actually is a

modification of the theory which has evolved over the years.

Herbart's original theoretical model can be summed

up as follows (25, p. cvii):




STAGE I, Apperception Step I, Clearness A, Analysis
(to obtain clear (preparation)
distinct percepts)

B. Synthesis
(presenta-
tion)
STAGE II. Abstraction Step II. Association
(to deduce accurate Step III. Systenm
general notions) Step 1IV. Method
(application, function)
In Stage I, as a new concept is encountered by an
individual it is apperceived or related to whatever previous
knowledge the individual has which he perceives as being
related to the new concept. In Step I, the position of the
new concept is clarified. The concept is held in the mind
while the mind analyzes its present content to prepare
itself to acquire the new concept. The concept is then
presented tuv those relevant existing concepts in the mind
and is synthesized with them. At this point the abstroction
stage (Stage II) is entered to further clarify the relation-
‘'ships which exist between the new concept and previously
held related concepts. In Step II, asscciations between
the new and existing related concepts are explored in order
to arrive at Step III, a system for relating them. Finally,
in Step IV, methods of applying this newly synthesized
knowledge arz tested. to determine if the associations and
system are correct. A relatively pure applicaticn of

-Herburt's theory to modern education has been summarized

by his followers in the following five steps (24):




a. Preparation.
In this step related subject matter which has "
been learned previously is recalled. This ’
involves Herbart's main psychological principle
--the law of apperception. ' He held that the

mind is simply one's previous experiences, and

experiences in order to become part of one's
self. When new experiences are so related,

they can be consciously perceived, or apper- P
ceived. Herbart is making this point when he i

speaks of ''apperceptive mass.!" Hence, the ‘
first step in teaching new material is to relate
the material to something previously known.

b. Presentation. ,
Here the new material is presented for observation.

Association.
The new material is compared with the old, and
likenesses and differences are noted.

Generalization. (Classification)
The relationships between the new and old
material are given statement in definite form.

Application.
Practical application must be made in order to
consummate the process.

Vocational educators have further modified this
theory and its definitions as can be seen in the following
statement by Prosser and Quigley.
'"Where instruction is called for, the vocaticnal
school has very generally used the standard
Herbartian lesson, usually using only the first

four steps in teaching, i.e., preparation, pre-
sentation, application and testing.'" (30)

Although many textbooks dealing with methods and
principles of vocational education do not specifically
define what each stage includes, those that do (16, 27, 31)

generally define them as follows when considering an




information sheet.

a. Preparation.
Prepare the student to accept the new material

by motivating him to learn,

b. Presentation.
Present the new material to the learner.

c. Application and Testing.
Provide a series cf questions at the ehd of the
information which has been presented.

The obvious points of difference between Herbart's

original theory and the typical interpretation vhich

vocational educators have made as applied to the organiza-

tion of information sheets are: (a) no mention is made by

Herkart about student motivation, although the typical
method used by vocational educators does attempt to provide
motivating materials; (b) Herbart emphasizes the develop-
ment of relationships between what the learner has previously
experienced and the present lesson, while the typical
method used by vocational educators does not.

This study assumed that it is desirable to provide
motivational materiais as part of the format of information
sheets. Ausubel concurs by referring to such material as
""an incentive which facilitates learaing by neans of ener-
gizing ledarning activity on a motivational basis'' (9), The
typical method of organizing an information sheet is pre-
sented in Table I, page 7,which represents the control

treatment (treatment 1) in the study.
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The study was also concerned with adding to the typical
format. Ausubel (4) agrees with Herbart that as a new idea

is encountered in a learning situation it searches the

it may associate, but he adds a critical factor. Ha points
out that learning in a new situation will be more meaning-

ful if we introduce an organizing concept, because those

which are generally available in the cognitive structure are
not optimal. Ausubel contends that the presentation of

meaningful verbal material should be preceded by the intro-

duction of an '""advanced organizer' which serves as a focus

and an anchor to which newly encountered verbal materials
and concepts can fix themselves in the cognitive structure.
Ausubel's model of cognitive organization for learning
and retention of meaningful materials assumes the existence
of a hierarchically organized cognitive structure., Within
this structure less inclusive subconcepts are subsumed
under more highly inclusive concepts. The major organiza-
tional principle, in other words, is that of progressive
differentiation of concepts in a given sphere of knowledge
from regions of greater to lesser inclusiveness, each
linked to the next higher step in the hierarchy through a
process of subsumption. Therefore, as new material enters
the cognitive structure, it interacts with and is subsumed

under a relevant and more inclusive conceptual system. The




very fact that it is subsumable or relatuble to existing
elements in the structure indicates its meaningfulness
to the individual and makes possible the perception of

ul relationships. The initial effech of sub-
sumption are, therefore, the facilitation of! both learning
and retention, .

Because it is more economical for an individual to
retain single inclusive concepts rather than to remember
a large number of specific items, the second or obiiterative
stage of subsumption begins., The specific items become
less and léss discernable from the concept under which they
are subsumed until they are no longer cvaileble and are
said to be forgotten,

The introduction of a relevant organizer preceding
the discussion of new meaningful verbal materials provides
on optimal anchorage or focal point to which lesser inclu-
sive sub-concepts con be subsumed, The fact that optimal
anchorage is available increcses the meaning of the newly
acquired material which consequently slows down the
ocbliterative effects of subsumption and tends to retard

forgetting.

In an attempt to clarify his theory and place it in

perspective to other learning theories, Ausubel has been a
nrolific writer (7, 8, 10, 11, 12, 20, pp. 221-262),

Probably the best summary of what Ausubel considers to be
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the most relevant variables in studying meaningfu’ verbal

learning is found in Education and the Structrre of

Knowledge, which is the summary of the fifth annual Phi

Deita Kappa symposium On sducational research (20, pp.

221-262). ;

Because Ausubel's theory is vague in describing
what actually constitutes an advanced organizer, and since
the application of the vrganizer to the problem at hand
was not limited to the restriction of his theory, two types
of organizers were tested in this study as the two exper-
imental treatnments,

The organizers are defined as directive and non-
directive. One of the experimental treatments added a
directive or summary organizer to the typi.cal method of
presenting information sheets and the other added a
discovery or question organizer. Based upon a review of
Ausubel's definition of an organizer and its function by a
purposive sample of educational psychologists and industriol
educators (Appendix D-1), both organizers were designed to

(a) relate the mcterial to be learned to what the student
had already experienced, and thereby show him where the
new mocerials fit into his previous experience, and (b)
supply an internal organizational structure at a high level
of generality for the material the student was about to

read. These two criteria were later used by a ponel‘
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(Appendix D-2), in a manner specified in the section on
developing the crganizers (Chapter II, p. 21), to verify
the appropriateness of both experimental organizers.

The two experimental treatments are summarized as

Treatments 2 and 3 in Tuble I, page 7.

Ausubel's usual approach to constructing the organ-

izer is mainly in agreement with what this study considers

A e
CIRNRS R W TR
- a

to be the summary or directive organizer, He envisicns

the organizer as an early portion of the new meaningful

B ..
~em &
¢ oo
gt

verbal learning material which will perform the functions
previously outlined in a directive manner (4, 6). This
method assumes, however, that the group of students to
which the new material is to be presented have a common
bockground. It is because of the possible invalidity of
this assumption that the question organizer has been intro-
duced in this study. Since a major function of the
organizer is to provide the student with a means of incor-
poroting the newly encountered material into his existing
cognitive structure, and since an instructor can never be

sure of the student'’s past experience, the purposive sample

cf educatiorcal psychologists and industricl educators felt
that ¢ question organizer might allow the student greater

flexibility in assimilating the new material regardless of
ithe specific nature of the structure,

Ausubel also states that unless the learner finds




the material '"difficult,' he has no need to search his
cognitive structure for relevant anchorage; an organizing

concept would, therefore, be unnecessary (2). Since all

may not be "difficult,'" the addition of an advanced organizer
to all sheets may impose an unnecessary task upon the
teacher. Thus, the organization variables were replicated

with material estimated to be '"difficult'' and '"moderctely

.

difficult" according to the procedures outlined in the

section dealing with the development of the information

g
4

sheets (Chapter II, p. 21l).
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Ausubel has conducted several studies in an effort
to substantiate his theory, two of which are especially
pertinent (2, 12). Both studies were conducted with under-
graduate students enrolled in senior educational psychology
courses at the University of Illinois, utilizing 25C0-word
learning tasks presented for 35 minutes, Both experiments
were evaluated on the basis of specially constructed multiple
choice tests with 36 and 45 items respectively, having split-
half reliabilities of .79. In the first of these two
studies (2), Ausubel tested the effect of an organizer,
which later became known as an expository organizer. He
defined this organizer as an introductory passage, contain-
ing background material for the learning passage, which was

presented at a much higher level of abstraction, generality
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and inclusiveness than the learni.g passcge itself, The
control introductory passage consisted of historicmlly
relevant background material. After four days, the subjects

_were tested for retention of the matericl presented in the
learning task dealing with the metcilurgical properties of
carbon steel. It was found that the retention of the group
receiving the organizer was significantly better than the
group which received the control intreduction.

Ausubel later attempted to test the relative
effectiveness of a comparative organizer and an expository
organizer (12). In this case, the learning passage dealt
with Buddhism. The comparative organizer made direct
references to differences between the material to be dealt
with in the learning task (Buddhism) and the material from
which it was to be discriminated (Christianity). The
expository organizer provided a framework in which the

Buddhism material could be r:-;zaized without reference to

Christianity. It was found that over a shert pericd of

-

time (3 days) the comparative organizer led to better

Y
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retention than did the expository orgenizer, but over a

e~ il

& longer period of time (1C days) there was no significant

b

difference between the two. Both groups receiving the

)

PR
-

organizers did better than the control group, which did not

./(
Al

receive any, The two experimernital organizers in t.e proposed

study are designed to incorporate the best aspects of both




the comparative and expository organizers.

In most of Ausubel's studies, which are all quite
similar to those which have been discussed, it has been
found that the facilitating effect of organizers is more
beneficial for subjects who have relatively poor verbal
ability. Ausubel has hypothesized that this relationship
occurs because persons with low verbal ability tend to
structure verbal material less efficiently on their own.
With this in mind, the sample of the present study was
divided into sub-samples on the basis of verbal ability.

Two doctoral dissertations in the field of industrial
education are also directly related to the present study
(19, 32). Dawson (19) sought ''to provide additional researcn
evidence concerning the evaluation of the subsumption theory
of learning at the junior high level.!" He did this by
studying the effect of a 600 word organizer presented 24
hours before a 2000 word learning passage on the history,
characteristics and uses of plastics and synthetics. The
population consisted of 146 eighth grade students of high
socio~economic background enrolled at the Cooper Intermediate
School in the Washington, D. C. metropolitan area during
the 1963-64 school year. The students were stratified into
high and low mental maturity groups on the basis of scores
on The Californic Test of Mental Maturity. Samples were

randomly assigned and the treatments administered. The
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experimental group recesived the 600 word organizer 24 hours

before reading the learning passage. The control group

received only the learning passage. Criterion scores were
9 obtained immediately following the reading of the learning

\;> passage, and three and six weeks following the reading of

3 the learning passage. The same 52 item, 4-choice, multiple
choice test (.66 split-half reliability) was used in each

instance. It was found that the experimental method was

§; significantly more cffective than the control method, as
& measured by the initial learning and three weeks retention
"

test, for the low ability students, but not for the high
ability students. There was no significant difference
;- between the experimental and control groups as measured by
the six weeks retention test., Dawson concluded that the
organizer seemed to be most effective with low mental
maturity students in terms of short term retention.
Tomlinson (32) dealt with four variations of written
instructional materials. The primary concern of his study
L - was to test the relative effectiveness of four selected
methods of presenting technical information. The learning
task, consisting of a 3314 word passage on carbon steel
was broken down into eight sequential and cumulative wnits

containing ten sketches. The sum of the eight units and

, 3 ten sketches formed a logical discussion of the metallurgical
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properties of carbon steel. The eight units were organized
in the same sequence in all experimental treatments. The
independent variables investigated in the study were: 1)
high schoel class (junior and senior), Z) ability level
(high, average and low) and 3) treatment methods. The
dependent variables were: 1) ititial learning as measured
by a true-false and a mul+iple-choice test immediately
following treatment pres«»tations, and 2) retention and
transfer ¢s measured by a true-false, a multiple-choice, a
free response, and a procedure test at one week and again
at five weeks. The body of the eight units cemprising the
learning passage was identical in wording and sketches for
each of the four methods. A statement (generalization)

and a question (properly answered by the generalization)
were composed for each of the eight units. Each statement
or question was used as either a summary (in the inductive
method) or an introduction (in the deductive method) for
the appropriate unit., The four methods were as follows:
(1) the inductive method (direct presentation and general-
ization after each unit), (2) the inductive-discovery method
(direct presentation and question after each dnit), (3) the
deductive method (generalization before each unit and
presentation), and (4) the inductive-discovery-confirmation
method (direct presentation, question after each unit and

imme?fate confirmation of the response to the question).

1
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The expository method of stating generalizations, either
before each of the eight units (deductive) or at the end
of each of the eight units (inductive), led to superior
retention and transfer five weeks after the presentation
of the learning task as compared with the two discovery
(question) approaches, The inductive method was superior
to all other methods on the basis of tlie initial learning
test, There was, however, an indication that the methods
using discovery may be relatively more effective for low
ability students than for upper ability students,

Cornwell's dissertation in the field of industrial
education (18) is somewhat related to the present study in
that it indicates that lower ability students tend to
profit more from problem-centered instruction than do higher
ability students. A set of written instruction sheets
emphasizing problem situations was written covering the basic
content of a college printing course and compared with the
effectiveness of the conventional directed study‘yethods.
The study concluded that there was enough difference between
the two approaches to teaching the same content to produce
differsntial achievement. It also indicated that lower
ability students profited more from the proilem-centered
instruction than did the higher ability students.

Thus, the present study was an expansion of previous

research utilizing the organizing concept in the following
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ways: (a) it developed an operational definition of an
organizer which can be used by the classroom teacher; (b)
it tested the relative effectiveness of two different
approacher to the utilization of this definition, and (¢)
it provided an integrated test of previous knowledge

concerning the interaction between difficulty level of the

material presented, student ability, and an organizing

concept which incorporates both Ausubel's comparative and
expository approaches. Before this study, all of these
factors had not been investigated at one time in an attempt

to determine their interrelationships.

Objectives of the Study

Answers to the following fifteen questions were

sought:

Are there differences in amount of (a) initial

learning, (b) retention, and/or (c) transfer

among the three treatment populations using

moderately difficult material?

Are there differences in amount of (a) initial

learning, (b) retention, and/or (c) transfer

among the three treatment populations using

difficult materiol?

Are there interactions between student ability

and treatment in the analyses of (a) initial
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learning, (b) retention, and/or (c¢) transfer
using moderately difficult material?

10-12 Arxe there interactions between student ability
and treatment in the analyses of (a) initial
learning, (b) retention, and/oxr (c) transfer
using,éifficult material?

13-15 Are there interactions between student ability

and difficulty of material in the analyses of

,
.

X
N
o
£°5

(a) initial learning, (b) retention, and/or

(c) transfer?

S T oz,




CHAPTER II

PROCEDURES

General Design

A 2 x 3 x 2 three-way nested analysis of variance

design was utilized because of its unique copabilities to

; prcvide answers to the questions stated in the objectives.
i ‘ With this design it was possible to test each of the

. questions dealing with (a) the independent variables of
g;\ student ability levels (high, low), treatments (typical,
bJ summary organizer, question organizer), and diffiéulty

' levels of material (moderately difficult, difficult), and
(b) the dependent or criterion variables of initial learn-

ing, retention and transfer.

DIFPICULTY (A)

y . - .
s A G S
‘

| 2N
4 X I I1

‘ &

i ABILITY (C) 1 2 3 1 2 3

b 1

‘ 2

] SOURCE OF VARIATION INFORMATION OBTAINED

k A Difference between the two averages

¢ of the three treatment effects between
4 levels of difficulty

';' B(Ag) Differences among the treatment effects

within difficulty level I

N B(AII) Differences among the treatment effects
1 within difficulty level I1I




SOURCE OF VARIATION INFORMATION OBTAINED
Difference between ability levels

Interaction of ability and difficulty

Interaction of treatment and ability
within difficulty level II

Error

The same design was used to analyze the initial

learning, retention, and transfer test scores. In each

analysis (initial learning, retention, and transfer ) B(AI)

provided answers to questions 1, 2 and 3, B(A1y) provided
answers to 4, 5, and 6, CB(AI) providec answers to 7, 8 and
9, CB(Ay;) provided answers to 1C, 11 and 12, and AC pro-

vided answers to questions 13, 14 and 15.

Instrumentation

Information Sheets

Two informotion sheets decling respectively with the
metalworking and communications potential of the laser were
developed. Both contained: (1) an introductory possage
designed to motivate the subjects to read and study the
body of technical information, (2) narrotive technical
information mcking up the body of the information sheet,
and (3) six essay-type questions mcking up the initial learn-

ing test.
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The laser was selected as the general subject of
both information sheets because it is a relatively new
development with which few vocational students are familiar,

and due to its many uses, iends itself to the develiopment

of information sheets at various levels of difficulty.- The

'moderately difficult'' material in the study consisted of

a 1775 word discussion of metalworking applications of the
laser, accompanied by six illustrations which clq}ified

the content. The '"difficult" matericl in the study con-
sisted of a 2180 word discussion of the laser beam as a
communication media, accompanied by two illustrations. The
technical information contained in each of the information

sheets was abstracted from current literature available in

the University of Minnesota's Engineering Library (17, 21),. fﬁ
Both information sheets (moderately difficult and
difficult) were written at the same level of reading
difficulty, as measured by the Flesch reading difficulty
formula {22) (requiring high school education) and the
opinions of a panel consisting of twc University of Minnesota,
Department of Industrial Education staff members and two
electronics instructors in the post-high school technical
program at the Minneapolis Area Vocational-Technical School
| _ (Appendix D-2). The reading level of the information sheets
was judged to be appropriate for the subjects in this study

who'were post-high school, full-time, day trade students.
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Upon completing the formulation of the narrative

bodies of the information sheets, the introductory motiva-

tional passages were logically formulated on the basis of

the narrative materials (Appendix B).

e IR st e W e
e o ks i Ut AP ST S S 0 b

Criterion Tests

g The initial learning tests were formulated in the

?g . following manner. The entire narrative bodies of the two
\i ~ information sheets (metalworking and communications) were
outlined in terms of the smailiest lcgical divisions of the
material which contained testable content. Henceforth,
these out'ines will be referred to as ''blueprints’

§ 5 (Appendix A).

On the basis of discussions with members of the

University of Minnesota's Industrial Education staff, and

s Amwan v, 4w

review of several commercially produced technical informa-

tion sheets, it was determined that a group of six open-

ended essay type test items was representative of the number

and type of test items ''typically'' following the body of

an information sheet. Therefore, the blueprinted content

in each of the information sheets was divided into six

logical divisions in such a way that the content in each

Two open-ended esscy

division was somewhat homogeneous.

type test items and scoring criteria for each item were then
)

constructed for each division. The ''best' test item for

ecch division was then selected by the panel to become part




of the initial learning tests (Appendix B).

The retention test and the transfer test were con-
structed for each of the two information sheets using the

test item construction guides.

One-third more iems were constructed for each of the
retention and transfer tests than were expected to appear
in the final inotruments in order that those items deter-
mined to be '"poor" by the pilot study and subsequent item
analyses could be eliminated.

The retention test and transfer test items (Appendix C)
were constructed according to Bloom's definitions of tests
of "knowledge'' and ''application'' respectively, as found in

his Taxonomy of Educational Objectives (Cognitive Domain)

(15) (Refer to blueprints, Appendix A).

Validation of Instruments

Upon completing the initial devalopment of the infor-
mation sheets, blueprints, initial learning tests, retention
tests and transfer tests, all were reviewed by the panel.
Individual panel members were asked to judge (1) the
"typicalness'! of the organization of the information sheets

against the criteria established for the control treatment

(treatment 1) in Chapter I, (2) the '"appropriateness' of

the reading level of the information sheets for post-high
school, full-time, day trade, vocational-technical students,

(3) the adequacy with which the content of the information




sheets was broken down into its smallest testable units

as indicated by the blueprints, (4) the adequacy with which
the content of the information sheets was sampled in the
initial learning tests, the content validity of the items
making up the initial learning tests, and the appropriate-
ness of the scoring criteria for each item, (S§) the adequacy

with which the content of the information sheets was

sanmpled in the retention tests and the transfer tests,

whether or not the items satisfied Bloom's definitions of
items testing ''knowledge'' or "application,' and the content
validity of each item, and (6) which of the two informa-
tion sheets was ''most difficult” as judged against the
criteria of the numsber of concepts presented and the complex-
ity of the relationships between the concepts.

As members of the panel completed their review, the
experimenter met with them separately to review the sug-
gestions they had concerning the materials they had reviewed.
After revicwaing all of the suggestions and corrections,
those which seened to represent a consensus of opinion were
incorporated in a revision of the materials. The panel
members unanimously agreed that the communications informa-
tion sheet was more difficult than the metalworking infor-
mation sheet. This judgment was supported by the relative
runber of concepts contained in each as indicated by their

respective blueprints.




Organizers

As indicated in Chapter I, Ausubel has not operation-
ally defined an organizer. His conception of an organizer
is best summarized in the following excerpt from a letter
which he wrote to Kenneth Dawson (9).

"I define an organizer as introductory material
that is structured at a higher level of generality,
abstraction, and inclusiveness than the learning
material it introduces. An expository organizer
is used to introduce totally unfamiliar material.
Its function is merely to provide ideational
anchorage for the learning material. A compara-
tive organizer is used to introduce naterial that
is relatcble to previously learned material. In
addition to providing anchorage for the learning
material, it attempts to increase discriminability
between the new ideas to be learned and previously
learned ideas. It does this by explicitly deline-
ating, at a high level of abstraction, generality,
and inclusivensss, the principal similarities and
differences between the two sets of ideas. Both
expository and ccmparative organizers are formulated
in terms of concepts and propositions that are
familiar to the learner.

The use of organizers represents on attempt to
facilitate meaningful learning by deliberately
manipulating cognitive structure so as to make
available to the learner the most relevant and
appropriate background ideas and information to be
learned. In contrast to 'a goal of behavior' it
is a form of cognitive facilitation of learning
rother than an incentive which facilitates learn-
ina by means of energizing learning activity on a
motivational basis."

Using this definition as a base, a number of informal

discussions wexre held in a research planning seminar

(including Dr. Cyril J. Hoyt and Dr. Paul E. Johnson).

Based on these discussions it was determined that two kinds

of organizers, non-directive and directive, could logically
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be developed according to Ausubel's psycheclogical definitien,
Both approaches fulfill the criterxia of (a) relating the
naterial to be learned to what the student has already
experienced, thereby showing him where the new materiais

fit into his previous experiences, and (b) supplying an
internal organizational strxucture at a high level of
genérality for the material which the student is about to
read,

The summary organizer approach was defined as
directive and is essentially the same as Ausubel's exposi-
tory organizer. The question organizer, or the non-
directive approach, is felt to be another method cof
accomplishing the same purposes while allowing for greater
degrees of individucl differences,

Since the summary organizer represents a narrative
explanation of the answers to the questions posed in the
question organizer, the fellowing discussion of the
organization of the organizers will be in terms of the
question organizer,

The organizers are sequenced from abstract to
particular. (See Figures 1 and 2). They begin with very
general questions aimed at preparing the student to think
about the topic to be presented. Questions are asked which

lead his thinking from very general past experiences to

past experiences which are directly related to the topic




Figure 1
METALWORKING CRCANIZER ORGANIZATION

ARSTRACT
Y ]
What characteristics are used to describe
metal? :
Relate
What processing techniques are used to
on metal? past
experience

Some metal rrocesses use heat, k
How is this heat normally
generated?

How does tlre laser
generate heat?

Provide internal

How intense is Structure
the heai?

\ ,

How is this 7

laser heat

applied to
talworke

ULTIMATE OBJECTIVE

PARTICULAR




‘ Figure 2
COMMUNICATIONS ORGANIZER ORGANIZATION

ABSTRACT

/
How do people communicate? /<

elate to
What commercial devices are used to past
aid in long distance communication? experience

i How are voices changed intoc elec-
3 trical energy, transmitted and

18 reconverted to voices at another
;;; place?

What are the limitations of provide internal
present long distance volce structure
* communications systems?

-

How can the laser aid
3 comrunications engie-
4 neers in overcoming
present difficult~
ULTIMATE \ ies in long dis-
g OBJECTIVE \ tance voice
3 communicae
tions syse
2 tems?

Lagtea
~\~

PARTICULAR
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to be discussed. This group of questions, and the answers
to them, serves the purpose of relating the expected past
experiences of the students to the topic to be discussed.
Once the appropriate past experience is recalled, a series
of general questions covering the major concepts to be
presented in the new material are posed. These questions
are constructed both to identify the internal structure

of the new material, and to require the students to compare
the new with the old rel:uted materials. The students are
not expected to be able to answer these questions prior

to reading the material. They are posed to provide the
learner with an overall picture of the internal structure
of the information to be presented, to indicate the key
concepts to be found in the information, and to indicate
relationships between the new and old materials. This
group of questions concludes with a question which indicates
the ultimate learning objective of the material to be
pr;sented. For example, the ultimate objective of the
communications information sheet is that the students know
how the laser can aid communications engineers in over-
coming present difficulties in long distance voice com-
munications; the ultimate object of the metalworking
information sheet is that the students know how the laser

can be applied to metal processing.

As indicated previously, the summary organizer
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represents an attempt by the instructor to answer the
questions posed in the question orgonizer. By providing
the answers to these questions the ?ustructor assumes that
he ”ﬁndws" what knowledge or previous learning the students
will relate to the topic covered in the information sheet,.

The final organizerz can be found at the beginning of each

of the information sheets presented in Appendix B,

Treatments

The study investigated the relative effectiwveness
of three treatments--a control treatment (treatment 1),
which consisted of the traditional information sheet
described in Chapter I, and two experiqentul treatments
(treatments 2 and 3). The experimental treatments were
identical to the control treatment in all respects except
that each experimental treatment included one form of an
organizer immediately following the introductory motiva-
tional paragraph (see Table 1, page 7). Each of the three
treatnents was applied to both the communications
(difficult) and the metalworking (moderately difficult)

information sheets, making a total of six treatments.

Pilot Study

The purposes of the pilot study were to perfect the

test instruments and to test the procedures involved in

conducting the study. Arrangements were made with Mr. Harold




M, Ostrem, Director of Vocational and Adult Education,

St. Paul, Mr. Edwin L. Stull, Assistant Principal, St. Paul
Vocational-Technical Institute, and Mr. John E. Grossman,
Instructor, St. Paul Vocational-Technical Institute, to
conduct a pilot study with 89 students enrolled in the
post-high school, full-time, day trade physics course

offered at the St. Paul Vocational-Technical Institute.

AP A PN i
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The physics course was selected because all persons enrolled

in the full-time, post-high school, day trade programs of

o i
AR G 1Y

) the Institute are required to take the course, At any

given time, the four sections of the course represent a

sampling of persons enrolled in all of the trade areas.
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The six treatments were arranged prior to beginning the

pilot study so that every sixth person in a class would

Jou b0l 2 Lod

receive the same tractment and no two adjacent persons
would receive the same information sheet or an information g'{
sheet on the same subject. Using this procedure, all :,

treatments were equally represented and an ''approximate’

randomization of treatments to subjects was achieved. §

On Monday, January 24, 1966 the investigator admin-
istered the treatments to 89 subjects and collected the ;.;
initial learning test data. One week later, January 31, 3
1966, he returned and administered the retention and transfer

tests to the 75 students in attendance who took part in the

first session. The answers were recorded directly on

»
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Digitek answer sheets for ease in scoring and item analysis.
The essay-type items of the initicl learning tests
were scored separately by two persons on the University's
Industrial Education staff, according to the scoring
criteria constructed during the development of the initial
learning tests. It was found that the scorers were in near
perfect agreement on the metalworking initial learning
test. However, a consistentdisagreement between the two
scorers was found among the communications initial learning
test scores. Upon examining the scores assigned to
individual items by the two scorers, it was found that the
scoring criteria for the first item were ambiguous. After
consultation with the scorers, the criteria were clarified

and a word was removed from the test item itself.

The two retention tests and the two transfer tests

(one each for metalworking and for communications) were
scored separately and item analyzed by the University of
Minnesota's Student Counseling Bureau Digitek system.

Item analyses were run on each of the four tests,
yielding a point biserial correlation between the score on
a given item and the score on the total test, the percentage
of students answering each item correctly, the discrimination
power of each item using the split half method (percentage
of top half answering the item correctly minus the per-

centage of the bottom half answering the items correctly)
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and the reliability of sach test using Kuder-Richardson
"formula 20."

The reliabilities of each of the four tests were as
follows: metalworking retention (.90), metalworking
transfer (.81), communications retention (.84) and the com-
munications transfer (.49).

The items in each test were reviewed and judged
"good' items if they fulfilled all of the following criteria:
(1) a point biserial correlation of more than .20, (2) a

positive discrimination index, and (3) more than 10 per

BsChata £
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cent but less than 90 per cent of the subjects answered the
jtem correctly. Those items which did not fulfill all of
the criteria were either revised, discarded and not

replaced, or discarded and replaced. An item was revised

if its fault was apparent and improvement was possible,

An item was discarded if a revision did not seem possible.
If discarding an item affected the test's validity by
leaving a body of content unsampled, it was replaced., After
carefully review@ng each item in each of the tests, 45 items
were selected for each of the retention tests and 25 items

were selected for each of the transfer tests (Appendix C).

Population and Samples

Arrangements were made with the following persons

in the Minneapolis School System to conduct the study at

the Minneapolis Area Vocqtionnl-Technicol School: Dr.
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Robert Rainey, Consultant in Educational Research, Mr.
Raymond Nord, Director of Vocational Education, Mr. Norman
Jensen, Principal, and Mr, Reuben Schafer, Technical

Institute Progrom Coordinator. The population consisted

of all the male students enrolled in the post-high school,

full-time, day trade proyrams at the Minneapolis Area

_—

e S

Vocational-Technical School during the second semester of

D)
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B >

the 1965-66 school year, with the axception of those

2o

ae B

enrolled in the electronics curriculum, The population of

180 students consisted of 8 architectural drafting, 11

%

auto mechanics, 23 aviation mechunicé, 13 cabinet making,

" oped ey gy [ e v
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35 electricity, 34 machine drafting, 10 machine shop, 8

patternmaking, 27 printing, and 11 data processing, retail

sales and accounting students., Students enrolled in the

3 _ electronics courses were not included in the population in
an attempt to make the population more homogeneous with
respect to their prior knowledge of the lasex., The electric-
ity students were included only after the electricity
instructors read the laser information sheets and assured

{% the ' vestigator that the content of their curriculum did
not contain any information which would directly contaminate
the experiment. €

Since the school administered the Army General

Classification Test (AGCT) to all entering students, the

scores were used in the study as a measure of general
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ability.

The AGCT raw scores of the population were ordexed
from high to low; the median was found to 100.5. Those
students falling chove the median were placed in the high
ability group and those below the median in the low
ability group. The mean AGCT row score for the total
population, the high ability group, and the low ability

group, as well as the AGCT percentile norm for the 12th

grade, are shown in Table 2.
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TABLE 2
MEAN ABILITY OF THE POPULATION,
HIGH ABILITY SAMPLE AND LOW ABILITY SAMPLE
AS MEASURED BY THE AGCT

) Group Mean AGCT Raw Score | 12th Grade PercentilJ
—;otal pop. 100,01 approx. 80%
High ability 108.82 approx. 90%
Low ability 90,58 approx. 58%

In an cottempt tc control the possible effects of
differences between persons enrolled in the various
vocational programs, both the high and low ability groups
were stratified accoxding to curriculae. Six random samples

of 30 students each were drawn such that each of the six
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samples included 15 subjects of high ability and 15
subjects of low ability. The six sub-sanples of 15 high
&hility subjects were selzcted in such a way that each
sub-sample inciuded an egquai repressn
from the various curriculums. The six low ability sub-
samples were formulated in the same manner., The first

12 subjects randomly assigned to each of the six high

and six low cbility groups were considered to be the
l'regular'' subjects and the last three assigned to each
group to be the nqlternates." Alternates were assigned

in an effort to mointain equal numbers in each cell during
the analysis of the data upon reconmendation by the
University of Minnesota's Numerical Analysis Center. Each
of the six samples, containing one of the high and one of
the low ability groups, was then randomly assigneG to one
of the two difficulty levels and to one of the three

treatments within that difficulty level.

Data Collection

The first phase of testing, including the reading
of the information sheets and completing the initial
learning test, was conducted on the afternocon of March 10
and the morning of March 11. The first phase was adminis-
texred to 176 of the 180 students contained in the samples,
plus approximately 50 other students, who, due to lack of

supervising instructoers in the classroom caused by the
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testing, were required to attend. In order to approximate
the "typical' method of using an information sheet, the
students were allowed as much time as they needed to read
the information sheets and to answer the initi

questions. They were also cllowed to go back into the
information sheets to answer the questions. As a motivation-
al device they were told that their scozes would be posted
so they could see how well they did relative to their class-
mates.

The initial learning tests were scored by the same
tio persons who scored the pilot study. Interscorer
relicbility, obtained by using the common Pearson product
moment correlation, for the two initial learning tests were
.93 for the metalworking test and .94 for the communications
test. The average of the two scores assigned by the two
scorers for a given individual was considered to be his
initial learning score.

on the afternoons of April 18 and April 20, 1966,
approximately six weeks after the first phase of testing,
the retention and transfer tests were administered to 162
of the 176 students who participated in the first phase,

The reliabilities of the respective tests, as calculated
using Kuder-Richardson ''formula 20,' were found to be

metalworking retention (.81), metalworking transfer (.67),

communications retention (.81), and communications transfer
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(.68). Due to absence from one or more of the testing
phases a number of persons had to be dropped from the
original samples, However, at least 12 persons in each
treatment sub-s&mple consisting of the 12 regulars and 3
alternates completed the entire program. In cases wher;
more than 12 persons in a given sub-sample completed the
entire program, pre-assigned alternates were eliminated
in order that the number of subjects in each cell would
be equal (N = 12 in each cell). The final samples were
each composecd of 24 subjects (12 of high ability and 12
of low). One-way analyses of variance were used to
determine whether the mean ability and age of the six sub-
somples of high ability were significantly different and
whether the mean ability and age of the six sub-samples
of 1.w ability were significantly different. The same was
done for the total samples. There were no significant '
differences in mean age or ability among the six high
ability sub-samples, among the six low ability sub-samples
or among the six overall samples. Tables 3, 4 and 5 show
the means and standard deviations of age and ability for
the high and low ability sub;samples and the overall samples,
Due to the elimination of a number of the members
of the original samples because of their absence from either

phase of the testing program, and the limited number of

students enrolled in some curricula, the composition of




TABLE 3

MEANS AND STANDARD DEVIATIONS OF AGE AND ABILITY OF
HIGH ABILITY SUB-SAMPLES (N=12 PER CELL)

Sample 1 2 3 4 S 6
1

Overall
9.25 18.83 19.58 18.50 19.92 19.58 19.28
2,18 1.03 3.09 52 2.75 2.84 2,25

=.64

)

Age*

¥=108.58 110.58 110,17 108.67 109.17 108.00 109.19
Ability** s= 4,28 7,95 6.25 6.36 6.26 6.06 6.12

P=,30C

*Age in full years **AGCT raw score

F ,056 = 2,37

TABLE 4

MEANS AND STANDARD LEVIATIONS CF AGE AND ABILITY OF
LOW ABILITY SUB-SAMPLES (N=12 PER CELL)

Sample 1 2 3 4 S 6
19.08 19,08 18,58 19.17 20,92 20.0C8
4.27 .90 1.46 .57 6.69 2,12

Overall
19.49 F=.,92
3.3%

)

Age*

A
N
Y

89,33
7.89

91.00
6.98

88.83
9.82

90.08
11.11

89,67
7.25

90.67
7.02

89.93
8.22

i

Ability**

*Age in full years **AGCT raw score

P ,05=2,37

TABLE 5

MFANS AND STANDARD DEVIATIONS OF AGE AND ABILITY OF

OVERALL SAMPLES (N=24 PER CFLL)

Somple 1 2 3 4 3 € Overall

19.96 14,9 19,08 13.83 20.42 19.83
3.39 .95 2.28 64 5,03 2,51

19,51 F=1.2
2.88

x= 98,96 100,79
11.79 12,41

99,50 99,3¢
13.57 12.96

99,33
30.45

99,42
11.93

99.56
12.08

*Age in full years

P .05 = 2.29

**AGCT xaw score
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tﬁe final samples in terms of students enrolled in specific

curriculums was not equal.
®

of the six high ability sub-samples in terms of the number

of persons contained in each sampie enrolled in a given

curriculum,

Table 6 shows the composition

six low ability sub-sanples,

TABLE 6

Table 7 provides the same information for the

CURRICULA COMPOSITION OF HIGH ABILITY SUB-SAMPLES

A AD AM

CcC CM E MD MS P PM

1l 1 1 O 2 O 2 3 1 2 0

2 1 1 1 1 1 2 3 O 1 1

3 2 1 o 1 1 2 3 1 1 o

Sample

4 2 2 1 o0 1 1 3 O 2 o

5 l 1 o0 1 1 2 3 1 1 1

6 2 2 0 0O O 2 3 0 2 1

9 8 2 5 4 11 18 3 9 3

(A=Aviazion; AD=Architectural Drafting; AM=z=Auto Mechanics;

12
12
12
12
12

12
72

C= Communications; CM=Cabinet Making; E=Electricity;
MD=Machine Drafting; MS=Machine Snop; P=Printing; PM=

Patternmaking)
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TABLE 7

) CURRICULA COMPOSITION OF LOW ABILITY SUB-SAMPLES

A AD AM C CME MO MS P PM
1 2 0 1 0 3 1 3 0 2 0 12
2 1 0 1 1 1 3 1 1 2 1 12
3 2 0 0 1 1 3 2 1 2 0 12
Sample g
4 1 0 0 60 2 S5 2 1 1 0 12 i
5 1 0 1 1 1 4 1 2 1 0 12 3
6 2 0 1 1 1 3 2 0 1 1 12
9 0 4 4 O 19 1l 5 9 2 72

\:‘ﬁ &R
Rt SO

X2,
iy

(A=Aviation; AD=Architectural Drafting; AM=Autoc Mechanics;
C=Communications; CM=Cabinet Making; E=Electricity; MD=
Machine Drafting; MS=Machine Shop; P=Printing; PM=Pattern-
making)
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Although the composition of the samples in terms of
the number of persons enrolled in given curriculums was
not equal, in most cases the deviations were not more than
one. However, the composition of the six low ability
samples did deviate by as much as 4 in terms of the number
of persons enroclled in electricity courses. A one-way
analysis of variance was used to investigate whether or not
persons enrolled in the electricity courses did significantly
better on the tests than those nct enrolled in electricity.
Since no significant difference was found in the test scores,
the variation in the composition of the sample was not

corisidered important.




Analysis of the Data

The analysis of the criterion measures was per-
formed according to the three-way nested analysis of
variance design described earlier in the General Design
section of Chapter II., The analyses wers performed
utilizing computer program UMSTAT 51 at the University
of Minnesota'’s Numerical Anulysis Center and checked by

hand calculation.




CHAPTER III

FINDINGS AND TESTS OF HYPOTHESES

The basic data obtained from the study concerning
the effects of the three organizational methods on the
ability of students to initially learn technical material,
retain the material and transfer the material to new and
novel situations for both the moderately difficult and
difficult material is summarized in Tables 8, 9, and 10
respectively.

The findings and tests of hypotheses provided the
following answers to the questions asked in the study.

Questions 1-3:

Are there differences in amount of (a) initial
learning, (b) retention, and/or (c¢) traonsfer among
the three treatment populations using moderately
diffiecult material?

No significant differences were detected between the

@
o

three treatment populations using moderately difficult
material as measured by the mean scores on the initial
learning, retention or transfer tests,

Questions 4-6:

Are there differences in amount of (a) initial
learning, (b) retention, and/or (c) transfer among

the three treatment populations using difficult
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material?

No significant differences were detected be‘ween
the three treatment populations using difficult material
as measured by the mean scores on the initial learning,
retention or transfer tests.

Questions 7-9:

Are there interactions between student ability

and treatment in the analyses of (a) initial learn-

ing, (b) retention, and/or (c) transfer using

moderately difficult material?

No significant interactions were detected between
ability and treatment in the analyses of the mean scores
on the initial learning, retention or transfer tests using
moderately difficult material.

Questions 10-12:

Are there interactions between student ability
and treatment in the analyses of (a) initial learn-
ing, (b) retention, and/or (¢} transfer using
difficult material?

No significant interactions were detected between
ability and treatment in the analyses of the mean scores
on the initial learning, retention or transfer tests using
difficult material,

Questions 13-15:

Are there interactions betwezen student ability




initigl learning, (b)

No significant interactions between ability and
difficulty were detected in the analyses of the mean scores
on the initial learning, retention or transfer tests.

In summary, each treatment was equally effective in
presenting both the moderately difficult and difficult
materials and there were no significant interactions between
treatment and ability or ability and difficulty.

As one would expect due to the sampling procedure
used, there was a significant difference between the mean
scores achieved by the high ability and low ability groups
ir each analysis. |

There was no significant difference between the
overall mean scores on the two difficulty levels of treat-
ments obtained from the two initial learning tests nor the
standard deviations of the two tests. The lack of dif-
ference can be attributed to the fact that students were
allowed to go back into the information sheets to look up
the answer for both the moderately difficult and difficult

3, materials.

Likewise, no significant differences were found %%
between the overall mean scores on the two difficulty levels :
of treatments obtained from the two retention tests or

their standard deviations. Due to the way the tests were
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constructed this is understandable. Both tests ccntained
nultiple-choice items constructed to measure the ability
of students to remember small units of factual information

identified in the respective blueprints. They were not

mm.fm Lo -
‘. ,::E ¢ - 5
. (3

designed to measure understanding of the basic concepts or

principles involved as were the transfer tests. Since

. ,i.

RERTLRD-C 2 e 4

the tests were designed to measure the ability of students
to remember factual information and the difficulty leovel
of the material in the information sheets was judged
according to the number of concepts presented and the com-
plexity of the relationships between the concepts, the
fact that the retention tests did not reflect differences
in the difficulty of the material is understandable.

A significant difference was found between the over-
all mean scores on the two difficulty levels of treatments
obtained from the two transfer tests., This difference is
again a reflection of the procedure used in constructing
the tests. The transfer tests, in contrast to the retention
tests, were designed to test the ability of students to
apply the material presented in the information sheets.
Therefore, in order to answer the transfer items correctly,
the students were required to comprehend the concepts or

principles involved in the information sheets. Since the

nunber of concepts and the relationships between the concepts

was more complex in the difficult (communications) material




51

than the moderately difficult (metalworking) material, the

g tests of understanding logically reflected this difference.

ey

s,
<

-
~

R




R E P OR T R E S U M E s

ED 010 635 08

THE RELATIVE EFFECTIVENESS OF THE TRADITIONAL AND TWO
MODIFIED METHODS OF ORGANIZING INFORMATION SHEETS.

BY- PUCEL, DAVID J.

MINNESOTA UNIV., MINNEAPOLI3, COLL. OF EDUCATION

REPORT NUMBER BR-5-8458 PUB DATE  SEP 66
GRANT  OEG-5-8458 |

EDRS PRICE MNF-$0.27 HC-$5.60 140p.

DESCRIPTORS- #*DATA SHEETS, *VOCATIONAL EDUCATION,
*INSTRUCTIONAL MATERIALS, LEARNING PROCESSES, VERBAL
'LEARNING, ABILITY, *RETENTION, *TRANSFER OF TRAINING,
INSTRUCTIONAL DESIGN, MINNEAPOLIS, MINNESOTA

THE EFFECTIVENESS OF A TYPICAL METHOD OF ORGANIZING
TECHNICAL INFORMATION SHEETS USED BY VOCATIONAL EDUCATORS TO
PROVIDE UP-TO-DATE INSTRUCTION TO STUDENTS WAS COMPARED TO
THAT OF TWO NEWLY DEVELOPED ORGANIZATIONS BASED ON "7THE
SUBSUMPTION THEORY OF MEANINGFUL YZRBAL LEARNING AND
RETENTION" (AUSUBEL, 1962). AN OPERATIONAL DEFINITION STATED
AN ORGANIZER SHOULD (1) RELATE THE MATERIAL TO BE LEARNED TO
THE PUPTLS' PREVIOUS EXPERIENCE AND (2) ORGANIZE THE MATERIAL
AT A HIGH LEVEL OF GENERALITY. USING THIS DEFINITION, TWO NEW
ORGANIZERS WERE DEVELOPED--(1) A SUMMARY ORGANIZER AND (2) A
QUESTION ORGANIZER. THE TRTATMENTS WERE THREE INFORMATION
SHEETS THAT WERE IDENTICAL IN ALL RESPECTS EXCEPT THAT THE
TWO EXPERIMENTAL TREATMENTS EACH CONTAINED ONE OF THE NEW
ORGANIZERS PLACED BETWEEN AN INTRODUCTORY MOTIVATIONAL
PARAGRAPH AND THE BODY OF TECHNICAL INFORMATION, WHILE THE
TRADI TIONAL TREATMENT DID NOT. THE TREATMENTS WERE REPLICATED
ON MODERATELY DIFFICULT MATERIALS AND ON DIFFICULT MATERIALS.
TREATMENTS WERE ADMINISTERED TO POST-HIGH SCHOOL, DAY-TRADE
STUDENTS ALONG WITH AN INITIAL LEARNING TEST. RETENTION AND
TRANSFER TESTS WERE ADMINISTERED 6 WEEKS LATER. FINDINGS
REVEALED NO SIGNIFICANT DIFFERENCES AMONG THE TREATMENTS IN
TERMS OF THE AMOUNT OF INITIAL LEARNING, RETENTION, OR
TRANSFER. RO SIGNIFICANT INTERACTIONS WERE FOUND BETWEEN
TREATMENT AND ABILITY OR BETWEEN ABILITY AND DIFFICULTY.
POSSIBLE REASONS FOR THE LACK OF DIFFERENCES FOUND WERE
OUTLINED. (JH)
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CHAPTER IV

SUMMARY, CONCLUSIONS ; {0 IMPLICATIONS

MTEPHIR S Y
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In general, this study investigated the relative
effectiveness of tﬁg typical method of organizing informa-
tion sheets used by vocational educators with two organ-
izations based upon '"The Subsumption Theory of Meaningful
Verbal Learning and Retention" proposed by Ausubel,
Possible interactions between these treatments and student
ability, and betwsen student cbility and the difficulty
level of material contained in the information sheets were
also investigated,

To accomplish these purposes, Ausubel's definition
of an organizer was operationally defined by a small
purpesive sample of educational psychologists ana industrial
educators. Based on a review of Ausubel's writing, the
members of the sample agreed that an organizer should (a)
relate the material to be learned to what the student has

already experienced, and thereby show him where the new

oy materials fit into his previous experience, and (b) supply
;gg an internal organizational 'structure at a high level of

?if generality for the material the student is about to read,

g%n Uzing the above definition, two organizers were

:;\ developed. One was a summary organizer, which is essentiaily
Lo

E:

4 the same as Ausubel's expository organizer, and the other
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}
was a question organizer designed to perform the same

function as the summary organizer in a less directive manner.

>

The three treatments (information sheets) were

idant

<>

cal in gl

e
1 respect
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nat the two experimental
treatments each contained one variation of the organizey
placed between the introductory motivaticnal paragraph and
the body of technical information, while the traditional
treatment did not. Since Ausubel has hypothesized that the
ability of an organizer to aid a person in learning verbal
materials is affected by his ability and the difficulty
level of the mcterial'encountered; the treatments were
replicated on moderately difficult and difficult materials
and the samples used were stratified according to ability,
Six random samples were drawn from the population
of male, post-high school, full-time, day trade students
at the Minneapolis Area Vocational-Technical School, with
the exclusion of those enrolled in electronics, in such a
way that each sample contained a sub-group of high ability
and a sub-group of low ability students. The six samples
were then randomly assigned to the three moderately
difficult treatments (metalworking apolications of the
laser) and the three difficult treatments {communications
applications of the laser). The treatments were adminigtered
aleng with the initial learning test, and six weeks later

the retention and transfer tests were administered. '
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The three criterion msasures {initial learning,
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retention and transfer) were each analyzed separately using

a 2 x 3 x 2 thres-way nested analysis of variance design,
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Conclusions

The following conclusions are based upon the answers

N E A .

provided by this study to the questions posed in Chaptexr I,

as ''Objectives of the Study.'!' The conclusions are based

upon, and are limited to, the particular sanmple utilized

and the conditions prevailing during the study, or to

similar hypothetical pepulations and circumstances, -
l. There were no significant differences between

the three treatments using either moderately
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difficult or difficult material in terms of the
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amount of iInitial learning, retention or
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transfer,

2., No significant interactions were found between
treatment and ability or between ability and
difficulty for either moderately difficult or
difficult materials in terms of initial learn-

ing, retention or transfer, As one would expect,

in each analysis (initial learning, retention,
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and transfer) significant differences weve found
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between the ability groups.
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Discussion and Implications

The investigator proposes four possible reasons for
the lack of differences found between the treatments used
in the study. The first twn rsasene ara
tory, while the last two are likely to be major causes.

First, the criterion tests used to measure dif-
ferences between the treatments were not sufficiently
sengitive. Although this reason may be significant in the
case of the transfer tests, with reliabilities of .67 and
.68, it does not appear as important in the case of reten-
tion tests, both of which had reliabilities of .81. Alse
before revision, the tests were sensitive enough to detect
differences in the pilot study.

Second, the organizers used in the study were not
develoved correctly and, therefore, did not perform as an
organizer, Although this reason is possible, the investi-
gator does not feel it is too probable. The organization
of the organizers, as well as the completed organizers,
were iudged by a purposive samnle of educational psycholo-
gists and industrial educators who indicated that they
thought the organizers did perform the functions specified by
Ausubel in his writings and in his letter to Dawson.

Third, the initial learning questions at the end
of each information sheet performed essentially the saome
function as the organizer, The investigator recognized

prior to the study that the questions which constitute
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the initial learning test on the traditional information
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sheet might tend to nullify the effects of an organizer,

but it was decided that, since the problem was to test
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the relative effectivenass of the traditional versus
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two modified versions of an information sheet, they must
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be included. If they had not been included the infor-

mation sheets would not have represented typical infor-

SN
”

mation sheets, or if the} were included but the students
were not allowed to go back into the matericl to answer
them, the methed of utilizing information sheets would
no¢ have been tyvical.

Although it is plausible that the initial learn-
ing questiéns tended te nullify the effects of the
organizer, the pilet study data tended ¢o indicate that
those groups receiving orgenizers did do better on a

seven day retention test than those not receiving
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Fourth, the time lanse between reading the infor-
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mation sheets and taking the initial learning test, and
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then taking the retention and transfer tests may have been

too great. In the planning of this study the investigator
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decided to administer the retention and transfer tests

six weeks after the first phase of testing. The reason was
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that in the practical upplication of information sheets
retention and the ability to transfer uafter six weeks ara
important, Ausubel has used retention spans of from threo
to ten days in his studies.

differences over thngse relatively short pericds of time

he has not tested lenger term retention., There is evidence
to support the contention that the obliterative effects of
subsumption leading to forgetting tend to reduce the
differences between groups receiving organizers and groups
act receiving organizers, In Ausubel's study (12)
comparing the effectiveness of the comparative and expository
organizer (see page 13, Chapter 1) it was found that the
group receiving the comparative organizer retained signifi-
cantly better than the group receiving the expository
organizer after three days, However, after ten days there
:;s no significant difference, This trend was also noted
by the investigator in the pPresent study when significant

differences did occur in the pilot using a seven day

retention span and not in the principal study after six

weeks, Since the presgent study was designed, Dawson's

dissertation (19) has been completed; he also substantiates
this trend (p. 14, Chaptar I). Using the same test, he
found significant differences in initial learning and
retention after three weeks, but he did not find significant

differences at five weeks. In cther wozds, although
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organizers may aid individuals initially, their long term

value is questionable.

Since neither this study nor Dawscn's study was

o -
o o~ i B e A by

ef an organizar, perhaps the most fruitful ocutcomes are

the clues they provide for further investigation. Some of

3D L e

these clues are presented below as relevant questions,

1. Does the effectiveness of an organizer decrease
over time to the point wher:s the time and
energy spent in developing it are not warranted?
If so, what is this time span?

Would well seiscted essay type questions placed

a
e b S AP i S
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at the end of relatively short sections of
written materials, which students are zequired
to answer, perform the some function as an
ocrganizer?
Can more adegquate operational definitions be
develcped to aid in the co§§truction of organizers?
Can simpler, more affective organizational
principles be developed to aid in the organiza-
tien of verbal information than those proposed
by Ausubel?
Altheugh clues have baen unveiled as possible
limitations in the practical application of Ausubel's

“ubsumption Theory of Meaningful Verbal Learning and
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Retention,' ths theory should be explored further. It

represents one of the promizing attempts which are cur-

’.lz;? Y,

rently being made to deal with the practical aspects of
human verbal lazarning, and therefore deserves to be

thoroughly investigated,
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APPENDIX &
BLUEPRINTS OF CONCEPTS CONTAINED
IN EaCH INFORMATION SHEET AND THE

JTEMS TESTING EACH CONCEPT

A-l Me talworking Blueprint:

A-2 Comnunications Blueprint
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APPENDIX A-)

BLUEPRINT OF THE CONCEPTS AND ITEMS
TESTING EACH CONCEPT (METALWORKING)

RETENTION¥* TRANSFER* *

Laser production tools are
not available (Shop exper-
ience is totally lacking) 26 48
First solid-state laser 1960
Three types of lasers
1. liquid-beginning stages
2., gas-beam too weak
3. solid-state (used most
because of greater power
potential)
Generation of a laser beam
l. components
a. flash lamp is wound
around the ruby rod
b. synthetic ruby rod
c. capacitor which excites
the gas in the tube and
therefore the ruby rod
l. stores electrons
2. discharges them in a
powerful surge
reason for pulse tyve
emission (recharging |
cavacitor) 24, 30 |
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*The rentention items have been constructed to satisfy the
definition presented in Blecom's, Taxonomy of Educational
Objectives (Cognitive Domain) of items which test ''know-
ledge.'" '"Knowledge as defined here includes those behaviors
and test situations which emphasize the remembering, either
by recognition or recall, of ideas, material, or phenomena'
(15, p. 62).

AT e

**The transfer items have been constructed to satisfy the
definition presented in Bloom's, Taxonomy of Educational
Objectives (Cognitive Domain) of items which test ''appli-
cation.'" ''The application category follows this rule,...
to apply something requires 'comprehension! of the method,
theory, principle, or abstraction applied...!" '"Given a
problem new to the student, he will apply the appropriate
abstraction without having t¢ be prompted as to which
abstraction is correct or without having to be shown ho
to use it in that situation' (15, p. 120).




RETENTION TRANSFFR
3. energy in an atom L
a. usuelly at its lowest
level 31 66
b. can be raised by absorb-
ing external energy
(photons) 16 56, 60
4, chain reactioa of photons -
between chromium atoms 2, 23
a. loss of non-parallel
enerqgy 21
b. magnification of paral-
lel energy ! 46, 57,55
5. breaking-out of the beam .
of high intensity light |
(mirror coating lighter on ; !
escape end) 17, 25 ! 64
E. Characteristics of the laser [
beam |
l, directional ) 3, 22 ¢
2. energy surpasses the sun K 62
F. Energy is concentrated by focus- T
ing the beam using lenses 1, 11 | 63
G. Conversion of the light )
beam to heat ' 9, 19 47, 58
l. opague absorbative materiai 4 K
2. opaque reflective material 18 o
H. Primary methods of metal man- i
ipulation with the laser 36, 38 54, 49
l, melting
2. vaporizing
I. Laser energy re-directegd
___wWith mirror 12, 40
J. Rapidity of heating action
and chemical reactions
(oxidation) 27
K. Micro-applications o
l, welding 7
2, machining 42 :
3. spesctrum analysis 39 ' 59
L. Advantages of the laser in r
welding
l. can melt all metals 28 52
2. can operate in any atmosphere 20, 34
3. can be focused quickly
and accurately 6
4. short heat duration prevents
oxidation and distortion 29, 45 61
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RETENTION
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Comparison of electron
bear welding and laser
welding

TRANSFER

/

’

50,67

=

Penetration of the lasesy
bean

S1

1, deas ans

2. heats by conduction from
the cutside in

Machining

l. vaporizas the material

2, can be highly focused

69

3. material machined is removed
from the work area

g 1]

Spectrography

1. doesn't destroy piece
being analyzed

2., vaporizes the metal

General

53
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APPENDIX A-2 g
BLUEPRINT OF THE CONCEPTS AND I'TEMS 2
TESTING EACH CONCEPT (COMMUNICATIONS) &
RETENTION*  TRANSFER** I

A. Generation of laser light
1. lasers generate high
intensity light (diamond
drilling) 50
2. the light is produced as
a beam 3
3. most common method of
laser generation
a. by means of a chain
reaction 13
b. chain reaction occurs
within an artificial
ruby rod 18
B. One laser beam can carry the
voices of more than four times
the population of the U.S.
sinmul taneocusly
C. Use of light te carry meaning-
ful gignals
l. not new
2. first sent by reflected
sunlighkt 24
3. voice signals were trans-
mitted by Alexander Graham
Bell in 1880's using
focused light

*The retention items have been constructed to satis{y the
definition presented in Bloonm's, Taxonomy of Educational
Objectives (Cognitive Domain) of items which test ''know-
ledge.' ‘'Knowledge as defined here includes those
behaviors and test situations which emphasize the remem-

bering, either by recognition or recall, of ideas, material,
or phenomena'! (15, p. 62).

**The transfer items have been constructed to satisfy the
definition presented in Bloom's, Taxononmy of Educational
Objectives (Cognitive Domain) of items which test “appli-

cation.' ''The application category follows this rule,...

to apply something requires comprehension' of the method,
theory, principle, or abstraction applied... Given a problem
new to the student, he will apply the appropriate abstract-
ion without having to be prompted as to which abstraction
is correct or without having to be shown how to use it in
that situation' (15, p. 120).




RETENTION _ TRANSFER

D, How sgunds are produced

and heard ) 55
1. words cr sounds create

waves or differences in

air pressure L 31
Z. the waves travel through

the air much us waves

over water .
3. the waves are receivad by

the ear e 32 .
4. the waves are interpreted
by the mind 23
E. Nature of the telephone 56,80

1. picks up difference in air
pressure caused by sounds
2. converts the difference in
( air pressure into differences
. in electrical energy 25
3. at the receiver the dif-
ferences in electrical
enexgy are converted back
to differences in air
pressurc 4
F. Providing we can deliver the
original differences in air
nressure, we are free to dis-

PUSERORU SE,

¢

mantle it in any way we see fit. 2C - 67,68
G. Amplitude modulation U | 66,63
l. transmitter 61

a. voice signul-represents
the conversation to be
. _transpitted 27
b. carrier wave
v -Ss_modulator
d. voice signal is combined
with the carrier wave in
a medulator

e. the combined waves nroduce

4-

- two new frequencies 59 o
— e do sum of the two waves 6 L __
2, difference between the ?
two waves
— e e A, S

f. only one of the two new
frequencies is needed to

transmit the signal

g. the unused frequency is

filtered out 33 : 49
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2. receiver
a. same frequency carrier
wave as used in trans-
__Mmitter
b. the tronsmitted fre-
quency {nevw wave
frequency)
c._a_second modulator
d. the same frequency car-
rier wave is combined
with the transmitted
frrjuency in the modu-
lax >~ to produce the
origina. voice freguency
H. Bandwidth necessary for one
voice (veice signal ranges
from a few cycles to about
4,000 eps.) 22,38 62
sending a second simultag-
necus voice sgignal
1. a second carrier wave at o
frequency outside the band-
width of the first carrier
wave - -
second voice signal — _ L
second modulator e e
as long as the second band-
width does not overlap that
of the first the %wo voice
signals can truvel inde-
pendently e
The sending of multiple veice
signals requires adequate
bandwidth
1. a bandwidth of 4,008 cns is
needed for each voice signal
2. ten voices require 40,000
cvs_ for bandwidth
Relationship of efficiency and
transmitting frequency
1, the higher the frequency
the lower the efficiency 16,3
2. part of the high frequency
enexgy is_lost as heat
L. Need for amplifying telenhone
signals
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TRANSTFER

1. as energy is lost in the
form of heat, the signal
becomes weaker 12

2. telephone.signals are
~ amplified every 4 miles 3

M. History of the carrier
technique 8

d

.~ -

1. Bell televhone system used
it in 1918 to transmit four
voices over a pair of wires

2, cables in 1930's 14

R

a. wider usable band

b, 12 voice signals can be
sent over each pair of
_wires

-~ - ——— - .

J. coaxial conductors 28

a. construction reduces
tendency for heat
damage

21,

34

. b. much widexr usable band

e e A ot ottt e SV

N. Advantages in using the laser
rather than conventional
techniques

l. extremely large bandwidth

a. high frequencies 45

b, constant frequencies 29

¢, can be used with the
carriex technique 9

2. extremely powerfui and
directional

a., ¢ laser beam is more

_intense than the sun 10

: 65

b. laser light naturclly
emerges as a highly
directional beam

0. Contrast between laser light
and light from an ordinary
Source such as a light bulb 7

- a—

1. Laser high and wvery oure
frequency, very intense,
highly directional, can be
used with carrier technique

2,40

¢ e o m E e e

2. Ordinary souxces high
frequency but not vure, not
intense, radiates in all
directions, cannot be used
with_ the carrier technique

37,43
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RETENTION

TRANSFER

P. Potential uses of laser
bandwidth

l. voice gignals 26

2. TV signals (take 1,000
times more frequency than
voice signals)

3. computer digital puises

Practical limitations of
leser communication

1, need to protect the beam

a., diffusion due to mist or
smoqg

b. blocking dus to rain or
snow 42

pipe tranzmission to prctect
the beam 41

necessity of keeping beans
pointed in the proper diz-
mction despite distortion
due to heat and vibration
(prisms, mirrors, lansex)

Lenses concentrate the

beam

Mirrors re-direct the beam




APPENDIX B

THE INFORMATION SHEETS

Metal working Information Sheet
Directions
Traditional Introduction
Traditional Intrcduction Plus Summary
Organizer
Tratitional Introduction Plus Question

Organizer

Body of Information Sheet

Initial Learning Test

Communications Information Sheet

Dizections

Traditional Introduction’

Traditional Iatroduction F: Soammary
Orgonizer

Traditional Introduction Plus Question
Organizer

Body of Information Sheet

Initial Learning Test
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APPENDIX B-1

Metalworking Information Sheet

NAME _ NUMBER

PROGRAM ENROLLED IN

(e.g. welding, drafting, cabinet
‘ making, etc.)

AGE SEX M F : ’
' ] -

(check one)

DIRECTIONS

Read and study the following informetion concerning
the laser and answer the six test questions at the end of
the material on the blank pages provided. Read the intro-
duction especially carefully for it will further your
understanding of the later material. An attempt is being
made at determining how well a group of persons enrolled
in vocational courses can read and understand technical
material.

Scores will be posted according to the number found
on the upper right hand corner of this page which will

allow you to compare your score with those of your class-

nates,
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TRADITIONAL INTRODUCTION

The laser is a device which appears to have conme
directly from a Buck Rogers comic strip. Although it is
often thought of as a high enexgy light-beam with few
practical applicctions, scientists predict unlimited uses
for laser beams in the future, Applications are predicted
in many areas of vocational aducation such as electronics,
metaliurgy and photography. Since persons training for on
occupation must be aware of pcssible future developments
within that occupation, the future uses of the laser arc
of great concexn, A current exanmple of the possible
introduction of the laser into an occupational area is
its use in wmetalworking. Lasers emit the most intense
radiant energy known to man, and hence, may revolutionize
netal-processing techniques within the next five years,
Specialties like microwelding, micromachining and metal-
lurgy are but a few of the fields that will feel the
impact, Developments of this type will not only affect
occupations concerned with metalworking but also many

related occupations,
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TRADITIONAL INTRODUCTION PLUS
SUMMARY ORGANIZER

The laser ig a device which appears 7o have come
directly from a Buck Rogers comic strip, Although it is
often thought of as a high energy light beam with few
practical applications, scientists predict unlimited uses
for laser beams in the future, Applications are predicted
in many areas of vocational education such as electronics,
metallurgy and photography., Since persons training for an
occupation must be aware of possible future developments
within that occupation, the future uses of the laser are
of great concern, A current example of the possible
introduction of the laser into an occupational area is its
use in metalworking, Lasers emit tlie most intense radiant
energy known to man, and hence, may revolutionize metal-
processing within the next five years, Specialties like
nicrowelding, micromachining and metallurgy are but a few
of the fields that will feel the impact, Developments of
this type will not only affect occupations concerned with
metalworking but also many related occupations,

Metal is a material all of us are familiar with,

Since different metals have different properties, terms

such as hardness, brittleness, and tensile strength are
used to describe them, The given combination of these

characteristics nmust be known before a metal is processed,

A SE Y gy
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¢%¢“\§gtal procegsing is done by shaping (cutting),

forming (bending), and joining. The most common metals,
such as those containing iron, have common character-
istics which lend them to processing techniques using heat.
For example, cutting steel with a cutting torcﬁ or joining
steel with a welder, In such metalworking operations heat
is usually generated by chemical reactions (burning of gas
in a gas torch used in cutting or welding steel) or
electrically (cutting with an electric arc or welding with
an electric welder), Although chemically and electrically
generated ﬁeat have been used in the past, metallurgy has
produced moéa durable metals and technology has demanded
more accuracy in metal processing; present methods no
longer are adequate for these new metals and demands, Con-
sequently, more precise methods using higher intensity
heat are being developed, One of these utilizes the laser,
The laser produces a very high intensity light beam gener-
ated by a chain reaction stimulated by slectrical energy,
This enexrgy is converted to heat and applied to machining,
welding, and spectrun cna{vais as iwdicated in the following

information,
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The laser is c device which appears to have come

directly from a Buck Rogers comic strip, Although it is

4
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often thought of as a high energy light beam with few
practical opplications, scientists predict unlimited uses
for 1asam beams in the future, Applications are predicted
in many areas of vocational education such as electronics,
metallurgy and photography. Since persons training for an

occupation must be aware of possible future developments

within that occupation, the future uses of the laser are

of great concern., A current example of the pocssikle intro-
duction of the laser into an occupational area is its use
in metalworking. Lasers emit the most intense radiant
energy known to man, and hence, may revolutionize‘mefal-
processing techniques within the next five years, Spec-
ialties like microwelding, micromachining and netallurgy
are but a few of the fields that will feel the impact,
Developments of this type will not only affect occupations
concerned with metalworking but alsc many related occupations,

Answer the following questions to the best of your
ability before reading the information on tha laser,

Metal is a material all of us gre familiar with,

Since there are many kinds of metal, they are described

by characteristics. What are some of these characteristics?
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The characteristics of metal must be known before
the metal can be processad or changed in some way., What
processing techniques are used on metal? The most common

metals, such as those contcining iron, have common characterx-

istics which lend them to processing techniques using heat,

By what means is heat commonly generated for cutting and
joining metal?

Science has made it possible to produce more durable
metals, and technology has demanded more precise ways of
processing them, The old methods of heat processing are
no longer adequate, New, more precise cnd higher inteneity
nethods of hcat generation are being developed, One of
these ig the laser, The following material will help you
answer the questions: How does the laser generate heat?
Row intense is the heat? How is this heat applied to

netalworking?




BODY OF INFORMATION SHEET

THE LASER

Since the Research Laboratories of the Hughes Air-
craft Company developad the first practical solid-state
laser in 1960, many technical papers have been written
defining the fundeomental principles in typical scientific
language. However, laser production tools are not yet
available and actual shop experience with them is totally
lacking, Fortunately, the laboratory data available today
are so comprehensive that predictions can be made con-
cerning thoae areas of metalworking tc which the laser
will be most applicable in the near future,

There are threc types of lasers being developed ot
this time-- these are liquid, gas ond solid-state lasers,
Liquid lasers are not of immediate importance because they
e¢re in their beginning stages of development, The gas
laser has reached a somewhat higher state of development,
but the beam produced with present equipment is so weak
that it is not practical to apply it to metalworking
techniques,

The third type, the solid-state laser, is used in

most of the experimental metalworking and metallurgical

investigations being conducted at this time because solids

contain more active atoms per square inch than do liquids




or gases and therefore, can generate a wmore powerful laser
beam with a smaller laser device, The basic faatures of
a solid-gtate laser are shewn in Figuras i,

A flash lomp fiiled with o special gus is wound
around a glask tube surrounding a synthetic ruby red. One
end of the glasa tube is shcped like the muzzle of a gun
to allow a laser beam to emerge, while the xest of the
glass tube forms a cylinder around the ruby rod through

-
which a coclant is circulatad for temparature control, A

spring is used to hold the ruby rod in place,

Figure 1
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The gas in the flash lamp iz activated or fired by
+the discharge of a rapacitor located inside the power scurce,
A capacitor is an electronic device which is charged much
the same as a car battery and can store a largs amount of
electrons on metul plates, Whea the capacitor is dis-
charged, the stored electrons surge from the capocitor and
activate the gas in the flash lanp which then emits streans

of energy called photons,

Physicists tell us that atcas, which make up cll
substanceg, have internal enerzgy and that they are normally

at their lowest possible energy level., (Figuse 2)

Figuze 2
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Thage atome can be raised to o higher lsvel of
energy by absorbing energy from ancther source, In the
case of the laser this other souvce Is the phatons emitted

by the excited gas in the flach lamp. Ths synthetic ruby

rod contcins chromiuwm 2aitems which are excited when the photons

$
of entrgy from the rlazh lamp enter the ruby rod and strike

them, In thig excitoment some of the chromium atoms also




begin to emit photons., (Figqure 3)

S

f?é‘ If the photons of energy in the ruby rod are emitted
%ié or released in any direction except paraullel to the length
cf the ruby »ud, they merely pass through the rod wall

fég aend are lost, If the photons travel parallel tc the rod'!s

length, they soon collide with other chromium atoms,

(Figure 4) When this collision occurs, the bombarded atom

Pigure 4
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is stimuloted to emit a photen of its own 2nergy which
travels in the sams direction as the photon amitted hy

the first chromium atom, We now have two photons travel-
ing aleng together, Befcre long these two photons will
strike two more chromium atoms, and, following the pattern
just described, four photons will result, The foux photcns
will eventually strike other atoms and result in eight

photons, and so the chain reaction will continue until there

R RRT Y T
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is a tremendous build.up of energy within the ruby rod,

Both ends of the ruby rod are mirror-zoated allewing
accumulated photons to be reflacted back and forth through
the length of the rod as the chain reaction continues,

(Figure 5) One end of the ruby rod (the laser ascape &nd)

Figure 5
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has a thinner mirror coating than the other, Wwhen the
protons of energy in the rod reach a critical point, thay
will suddently burst through the thinner mirror coating
and through the muzzle of the laser device in the form

of a useful laser beam of high intensity light, (Figure 6)

Figure 6
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After thia single breakthrough, or pulse of laser energy,
the entire process must be repeated before another beam is
generated because the capacitor has been discharged and
must be recharged, Thus, the beam preduced by a ruby laser

is a pulse type rather thon a continuous beam,
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A lassr beam sprecds very little ofter it finally
emexges, The huge number of photons generated by the chain

reaction results in a beam of light energy no larger thon

the diameter of the ruby rad
have achieved energy levels per square inch exceeding those
produced by the sun.

For metalworking and metallurgical applications,
the energy of the laser beam is concentrated by using a
system of lenses which concentrate the beam to a point no
larger than a speck of dust, In order for the beam to be
ugeful in metalworking, it must be transformed from light
energy to hezat energy., When a laser beam is focused by
lenses on o material that is opaque, or will not allow the
beam to pass through, the light energy is changed to heat
energy upon striking the object. For exaomple, if the
beam strikes @ rcck the light energy would be transformed
into heat energy because it could no* pass through the
rock, Howaver, if the beam strikes a piece of clear glass,
the light would pass through without being converted to
heat, The temperature reached at the focus point on an
opaque object is high enough to melt and vaporize every
known material. In many cases, the temperature is between
10,000 and 16,000 degrees Fahrenheit, The higher temper-
atures cre reached when the beam strikes materials which

absorb the heat energy readily, such as a black-iron pot,
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The lower temperatures are reached when the beam strikes
orpaque reflective materials, such as a mirror, In the case
of the mirror, much of the heat energy is reflected off the
surface, but in the case of the black-iron pot, most of it
is abscrbed. This explains why a mirror can be used to
reflect and re-direct a laser beam without being destroyed,
The heat effects of a laser ﬁeam on metal can be
closely limited with proper controis., The laser bursts
cccur so fast and produce heat so rapidly that chemical
reactiong which occur with conventicnal welding methods
cannot get started, For example, oxidation, which i; the
.eaction of oxygen in the air and hot metal, forms an
undesirable coating on metal similar to rust which presents
many problems in welding and machining. Since the laser

burst occurs almost instantaneously, there is not enough

time to allow the oxidation reaction to take place.

Initial applications of loéers on the production
line will undoubtedly be for very small and delicate micro-
operations. Some of these uses are microwelding, micro-
machining and spectrum analysis of metallic materials,

Welding is the process of joining two pieces of the same

type of metal by heating and fusing them together (joining
two steel beams). Machining represents the operations
performed by machines on metal (drilling a hole in metal),

Spectrum analysis is the process of vaporizing a small amount
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of a given metal and viewing this vaporized metal through
a spectroscope in an effort to determins the composition

)
of the metal (identifying the chemiccl elements in steel),

In microwelding applications the lagser will ba controlled

so that melting takes place with minimum vaporization, In
BT 2

micromachining work, and in the spectrum analysis of

materials, the metal will be vaporized,

Microwelding applications of the laser have been
de;aloped more than other apparent uses., The laser is an
excellent source of heat energy for welding for the follow-
ing reasons,

1. The laser is a source of extremely high inten-
sity energy, and under proper conditions should
be capable of fusing all metals. \

2. The laser can operate in any atmosphere ranging
from ordinary air to inert gases or in a vacuum, ft/

3., The laser beam can be %uickly and accurately
focused through the use of lenses to a very
small spot.

4, The extremely short duration of the laser burst
may prevent many of the undesirable factors
accompanying the intense heat generated in con-
ventional welding, such as oxidation and the
distortion of metal.

In comparing laser microwelding with currently available E
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microwelding methods, some of these advantages becoms even
more apparent, In electron bkeam welding, for instance, the
work must be done in a vacuum chamber, This puts definite
lJinitations on the size of the parts that can be welded
because of the problems involved in obtaining a vacuum

within the chambar. Also, electron beam walding is restricted

to metals wﬁiph do not vapori: - readily at their fusion tem-

AN
perature in a vacuun,
AN

AN

Having no ﬁénetration power, the laser beam heats
from the surface inw&éd\by conduction, Therefore, with
proper controls, the heé}\genernted can be confined to
extremely thin deposits of\ghgal without affecting other
layers of metal beneath, Thia\ig important in the manu-
facturing of sclid-state electronié\devices such as
transistors containing thin metal compenents., Wires must
be welded to these thin metal films witﬁcut affecting the
in=ulation that separates them, |

Though less experimental work has been ébge in the
area of micromachining, the chavacteristics of soiﬁqfstate
lager operation will allow some predictions, The smal%\
focus spot, plus the fact that the metal actually being\éut

N
iz vaporized and removed from the work area, thereby elim-

inating the chips of metal commonly associated with machining, ~

makes it possible for lasers to machine small high-precision

holes,

~
o,
a
P,




”"l’\‘m" B

The ability of a focusad laser beam to vaporize
extremaly small amounts of metal allows metallurgists to
determine the composition of a metal threugh spectrum
analysis., The amount of vapor formed is sufficient to
determine the composition of the piece under test, yet so
small that it does not Affeét the work-piece in any way,

A modification of this method gould be used to test the
skin of space vehicles for their resistance to re-entry
temperatures and other high-temperature occurances encoun-

tered in flight,

In conclusion, it is not difficult tﬁ*see from the

results of laboratory experiments that th» lasex has many
potential applications in welding, melting and much‘ning.
Further studies are in progress to develop methods a;é\\
equipment to use this new source of energy for other \\\\
metallurgical purposes, There seems to be little doubt

that a high-energy continuous output laser will be developed
and that such a tool will be far more usable than the pulse

type in use today,
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INITIAL LEARNING TEST

PLEASE ANSWER THE FOLLCWING QUESTIONS IN THE SPACE PROVIDED

BELOW

1. Which of the three types of lasers is used most? Why?
2, Why does the laser give pulses of energy rather than

a continuous beam?

3. Does all of the energy produced by the laser generator

emerge as the laser beam? Why?

4. Yhat is the difference between spectrum analysis and

welding with the lasar in terms of what is done to

the material being processed?

5. What type of atmosph.ric conditions must exist before

the laser can be.used ez a metalworking tool?

6. What devices are used to direct and focus laser beans?
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APPENDIX B.2

Communications Information Sheet

NHAME

NUMBER

PROGRAM ENROLLED IN

(eege welding, drafting, cabinet
making, etc,)

F

M
AGE SEx {1
(check one)

DIRECTIONS /

Read and study the following information concerning

the laser and answer the six test questions at the end of

Baaheiuiing ~Juntaiu EENE JEREadien /2

the material on the blank pagee provided, Read the intro-

duction

especially carefully for it will further your

understancdling of the later material, An attempt isg being

nmade at determinizg how well a group of persons ei.rolled

in vocational courses can read and understand technical

material,

Scores will be posted according to the number found

on the upper right hand corner of this page which will

allow you to compare your gcore with those of your class-

L motes,
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TRADITIONAL INTRODUCTION
The laser is a device which appears to have conme
directly from a Buck Rogers comic strip., Although it is
often thought of as a high energy light beam with few

practical applications, scientists predict unlimited uses

for laser beams in the future, Applications are predicted

in many areas of vecational educatior such as electronics,
metallurgy and photography, Since persons training for

an occupation must be aware of possible future developments
within that occupation, the future uses of the laser are

of great concern., A current example of the possible intro-
duction of the laser intoc an occupational area is its use
in communications, Communications engineers foresee the
day when laser beams, rather than wires, will be used to
send communications signals, A development of this type
will not only affect occupations concerned with communica-

tions but also many related occupations,
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TRADITIONAL INTRODUCTION PLUS SUMMARY ORGANIZER

The laser is a device which appears to have come
directly from a Buck Rogers comic s¢rip. Although it is
n ensrgy light beam with few
practical applications, scientists predict unlimited uses
for lasér beams in the future, Applications are predicted
in many areas of vocational education such as electronics,
metallurgy and photography. Since persons training for an
occupation must be aware of possible future developments
within that occupation, the future uses of the laser are
of great concern, A current example of the possible intro-
duction of the laser into an occupational area is its use
in communications. Communications engineers foresee the
day when laser beams, rather than wires, will be used to
send communications signals, A dzveloprent of this type
will not only affect occupations concerned with communica-
tions but also many related occupations,

All of us communicate with others every day. This,
communication usually takes the form of speech, symbol:s or
signs, 1In order for people to communicate over long
distances commercial devices have been developed, Scme of
these devices are the telephone, telegraph and radio, Most
long range communications devices carry signals from one
point to another utilizing elsctricity. For example, voices

are changed into electricity by a telephone, transmitted

over wires, micro-waves or some other means of carrying




electrical signals, and then reconverted to voices at

another place,

Although present techniques have been capable of

handling the volume of communications in the past, this

volume has been growiang rapidly ond present devices are

nearly at the practical limit of their capacity., This is

because present communications devices are limited in the

number of voice (electrical) signals that can be transmitted
at the same time and the need to amplify the voice signcls
every few miles, The laser provides a potentially more
efficient vehicle for voice signal transmission due to

the extreme power of the laser, and the large number of
voice signals that can be sent over one laser beam, Com-

munications engineers hope that the laser may overcome many

B B R T R B g S R BN L R

of the limitations of present communications devices, The

~aiprAs

foliowing information provides details on how this may be

done,
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TRADITIONAL INTRODUCTION PLUS QUESTION ORGANIZER
The laser is a device which appears to have cone

directly from a Buck Rogers comic strip, Although it is
often thought of as a high energy light beam with few
practical applications, scientists predict unlimited uses
for laser beams in the future, Applications are predicted
in many areas of vocational education such as electrenics,
metallurgy and photography, <Since p;rsons training for an

cccupation must be aware of possible future developments

within that/occupation, the future uses of the laser are

of great concern. A current example cf the possible intro-
duction of the laser into an occupational area is its use
in communicationz. Communications engineers foresee the
day when laser beams, rather than wires, will be used to
send communications signals, A development of this type
will not only affect occuﬁqtions concerned with commun-
ications but algo many related occupations,

Answer the following questions to the best of your
ability before reading the information on the laser.

All of us zommunicate with others every day. How
do we communicate? In ovder to communicate with persons
over long distances, commercial devices have been developed,
What commercial devices are used to aid in long distance

communication? Most of these long range devices carry

signals from one point to another utilizing electyicity,
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Although present communications techniques have been
sufficient to handle the volume of communications in the
past, this volume has been increasing rapidly and present
devices are having difficulty keeping up with this increas-
ing demand, The following material will help you answer *
the questions: How are voices changad intc electrical
energy, transmitted and reconvertad to voices at another
place? What are the limitctions of present loiig distance
voice communicaticnsg systems? How can the laser aid com-
munications engineers in overcoming present difficulties

in long distance voice communications systems?




BODY OF INFCRMATION SHEET
| THE LASER
The laser is a device decigned to gemerute very high
E;' intensity light beaws capable of burning holes through
diamonds. Energy is built up within a synthetic ruby rod
- by means of a chuin reaction and rsleased in the form of

a beam of light when the energy within the rod reaches a
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critical point,

One of ths applicationr of the laser which has
caught the popular imagination is its ability to carry
large anounts of information at the same time, One laser.
beam in.capable of t;anamiﬁting the voices of more than
four times the population cof the United States at the same
time,
- The use of light to carry meaningful signals and

speech is not new, Thousands of years ago light was used

. to send coded signals by reflecting sunlight from a
&:‘ polished surface. As far back @s the 1880's Alexander
' Graham Bell demonatrated the transmiassion of voice signals
by means of focused light beams, The startling thing‘about
lasers lies not in the fact that they can carry voice, but
rather in the fantastic number of voices they can carry
at the same tim,

If we can see how two voices can~shure a wire clircuit

(telephone wires) or a rudioc beam ut the same time without
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interfering with each other, then it is a simple matter of
cerithmetic to see why it is possible to make a billion
voices share a beam, Let us start by observing the proceas
of communicating by speech, |
In talking, each socund uttered creates differences
in air pressure (or sound waves) which travel through the
ajir much as waves travel sver water, These differences in
pressure are received by the ear drum and interpreted as

sounds or words by the mind. (Figure 1)

FPigure 1

Taiking to a friend: (A) transmitter (mouth
and throat), {B) carrier (air molecules), {C) receiver
(ear).

The section of a telephone we speak into must be
designed to receive these differences in eir pressure as
we speak, dismantle them, and tronsmit them as differences
in electrical energy from one place to another, At the
receiver, the telephone must assemble the differences in
electrical energy and produce the original differences in

air pressure so that the listener can hear what has been

said., (Figure 2) As long as the original differences in
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air pressure that are formed when we speak can be delivered
to the listener, what happens between the time we speak

and the listener hears is of little consequence, Therefcre,
providing the original voice pattern of differences in air
pressure can be delivered to the listener, they can be
dismantled or otherwise monipulated. It is through such
manipulation that many voice signals are fitted in with
each other to travel over the samz pair of wires, One such
technique is known as amplitude mcdulutioﬁ.

To transmit5by means of amplitude modulation, the
voice signal kin the form of varying electrical energy)
together with a specially generated carrier wave, is fed
into a device known as a modulator, The modulator takes

each wave in the voice signal and combines it with that of
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the carrier to produce two new waves, One of the new waves
has a frequency (the number of cycles or vibrations the

wave undergoes each second) equal to the sum of the carrier
wave frequency plus the voice wave frequency. The other

new wave has a frequency equal to the carrier wave frequency
minus the voice wave frequency, Thus, if a voice tone with
a frequency of 256 cycles per second (cps) is fed into a
modulator along with ¢ carrier frequency of 50,000 cps, the
modulato; combines the two producing two new frequencies,
One of these is the difference between the two frequencies
or 49,744 cps and the other is the sum of the two frequen-
cies or 50,256 cps. Although the 50,256 cps frequency will
b4 used in the follcwing example as the transmitted frequency,
either of the two new frequencies could be used to transmit
the voice signal fzom one place to another, but since we
only need one, the other is ''filtered out'' or removed,

At the receiver, we have another 50,000 cps carrier
wave generator and a de-mcdulator, The incoming 50,256 cps
frequency combines with the 50,000 c¢ps frequency in the de-
modulator to produce 256 cps ~-- the original voice tone
frequency. As we speak our voice pattern has tonal (frequency)
changes from as low as a few cycles (low tones) to as high
as 4,000 cycles (high tones). Therefore, at each instant,
the modulator combines its 50,000 cps carrier wave with in-

coming wave frequencies which may occur anywhere in a band




extending from 50,000 cps to 54,000 cps.

A second voice signal may be sent over the same
wires at the some time by modulating it with a second carrier
wave at 54,000 cps. In this way the second voice signal
can be made to travel in the frequency band ranging from
54,000 cps to 58,000 cps, here it can exist as privately
as though the first voice were not there, Thus, two voice
signals may be sent at the same time in the range from
50,000 cps to 58,000 cps. Given a third carrier frequency,

a third voice signal can be sent along with the first two
in the range from 58,000 cps to 62,000 cps, etc,

The sending of many signais together demands adequate
frequency bandwidth. Each voice requires its own separate
4,000 cps, If we want to zend ten voicés, we need 40,000

cps of bandwidth, This also means that a separate carrier

wave generator would be needed to transmit orie voice signal

in each of the ten sub-bandwidths of 4,000 cps {4,000,

8,000) etc, If sufficient bandwidth is not provi&gd for

each voice signal, the signals overlap causing inteffgrence
much the same as having a radio tuned to two stations h‘

the same time, Since bandwidth increases if the lower f;équen-
cy of the band remains the same and the upper frequency of N
the band is increased, wider bands are obtained by increasing

the upper frequency, For example, the bandwith between

12,000 cps and 52,000 cps is wider than the bandwidth between




extending £rom 50,000 cps to 54,000 cps.

A second voice signal may be sent over;the same

wires at the same time by modulating it with a second carrier
wave at 54,000 cps. In this way the second voice signal

can he nade to travel in the frequency band ranging from
54,000 cps to 58,00C cps, here it can exist as privately

as though the first voice were not there, Thus, two voice
signals may be sent at the same time in the range from

50,000 cps to 58,000 cps. Given a third carrier frequency,

a third voice signal can be sent along with the first two

in the range from 58,000 cps to 62,000 cps, etc,

The sending of many signals together demands adequate
frequency bandwidth, Eoch voice requires its own separate
4,000 cps. If we want to send ten voices, we need 40,000
cps of bandwidth., This also means that a separate carvier
wave generator would be needed to transmit one vcice signal
in each of the ten sub-bandwidths of 4,000 cps (4,020,

8,000) etc, If sufficient bandwidth is not provided for

each voice signal, the signals overlap causing interference
much the same as having a radio tuned to two stations at

the same time, Since bandwidth increases if the lowsr frequen-
cy of the band remains the same and the upper frequency of

the band is increased, wider bands are obtaired by increasing
the uppexr frequency., For example, the bandwith between

12,000 cps and 52,000 cps is wider than the bandwidth between
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12,G00 c¢ps and 22,000 cps, However, when the operating

frequency of a signal transmitted over a conductor such as

a wire is increased, part of the energy of the high frequency

PRy S TR

waves turns into heat and the efficiency of the wire circuit
is raduced. The higher the frequencies, the greater the
reduction of efficiency, To make wires carry many voices
simaltaneocusly, to achieve ever-wider usable bands, communi-
cation engineers must engage in a constant struggle with
these high-frequency lusses, As an example, assume that a
voice gsignal is picked up in New York f&r transmission over
a 3,200 mile telephone circuit to San Francisco., The wire
less is never allowed to become significant, Every 4 miles
the voice signal is sent through a relay station and
amplified to strengthen it, because of high frequency losses,

In its journey from New York to San Francisco the signal

~

i

passes through approximately 800 amplifiers,

The practicality of the carrier technique was demon-
strated in 1918 when the Bell Telephone System transmitted
four voices over a pair of wires at the same time, Each
pair of wires operated from a minimum of 12,000 cps to a
maximum of 60,000 cps, thus providing a band 48,000 cps wide,
Twelve voices (48,000 divided by 4000) could be sent over
each pair of wires, In the 1930's it became possible to

apply the carrier techniques to cables containing many

separate wires under cne protective ccating,
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Later came the development of a type of conductor
in which a wire runs coaxially or within a pencil-sized
metal tube, These are called coaxial conductors, and
pexnit a band width of up to 8,300,000 cps, since coaxial
conductors are not as subject to destruction due to heat
generated by high frequencies as are ordinary wires,
Theoretically 2,075 conversations can be transmitted over
two coaxials simultaneously, However, in practice only
1,800 are usually transmitted because of practical limit-
ations,

Communications ;ngineers hope that the laser will
overcome some of the limitations of the wire and coaxial
systems., One such difficulty is that of achieving adequate
bandwidth, Véry high frequencies generated by.lasers

indicate that the communications bandwidth of the laser

beam is very wide. High frequencies generated by ruby

i
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lasers typically range from 400,000,000,000,000 to 400,

B ek e

006,000,000,000 cps, which provides for many carrier waves

e &

spaced 4,000 cps apart,

Ordinary light sources, such as an electric light

P I o Tt D TR W gy W

hulb, also generate relatively high frequencies, but they
cannot bhe used because the light from an ordinary light
source is a combination of frequencies and colors. The

carrier technique requires that each carrier wave be

constant in frequency in order to prevent one conversation
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from interfering with another, Laser light, on the other

hemd, is relatively constant in frequency and color and,
i
therefore, can be used with the carrier technique,

Amplification problems will also be reduced by

using a laser beam, The laser can be transmitted great

distances with an intensity per square inch surpassing that

of the sun, Contrasted with light from an ordinary source,

which radiates in almost every direction, laser produced

light is extremely directional. Reflectors and lenses are

necessary in order to concentrate ordinary lamp light into

a beam. Laser light naturally emerges 4as a beam with such

nearly parallel rays that they spread less than 5 inches

per mile, Since the beem is powerful and highly directional

4

it can travel long distances with no amplification,

The prospects of using laser beams as cemmunications

tools are spectacular, although we do not yet have esnough

experimental data to predict reliably what percentage of

the frequency can be used, Nevertheless, to form an ideaq,

we might assume that a laser beam system could be designed

to use its available frequency in much the same way that

microwave systems do today, Therefere, applying microwave

theory to what we know cbout lasers the number of voice

signals a laser system might carry comes out to be 800,0600,000;

this is more than four times the present population of the

United Statres, Tt is unlikely that a laser beam will be
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called upon te transmit almost a billion voices at the game
time, even if it tuzns out to be possible,
i

provides a specific amount of credit, You can spend o
dollar bill in more than one way--to buy, let us say, one~
hundred ocne-cent items or four 25-cent items, Different
types of signals also have varying ''prices' in terms of
bandwidth, Each voice transmission needs 4,000 cps, but
a TV program is high-.priced, requiring a 4,000,000 cps
bandwidth-~ 1,000 times as much as iz needed for a voice,
Because information in a moving picture changes 1,000 times
more rapidly than in a voice, a thousand voice signals
can be exchanged for one TV picicurec

Communications engineers generally do not think of
voices or TV pictures ag efficient users of this large

laser bandwidth, They think of a circuit as being able to

transmit a specific number of ''yes' or ''no' bits of infor-

mation per second, Since this is the language of computers,
the transmission of computer data will probably provide the
laser with its greatest opportunity in communications, A
wide bandwidth is required to send computer information in
the form of digitcl pulses rapidly. Just as you can trade
voices for TV pictures, you can trade either or both for
high-speed transmission of computer information, The time

may come when a computer on the east coast of the United




States, having completed a series of massive calculatisns
and 'wishing'' to communicate the facts to its mate on the
west coast, would sinmply dial the appropriate number, then
trzansmit a detailed account of the problems together with
the answers in less time than it takes to wink an eye,
Although we know the laser has the ability vo
travel considerable distances thr&ugb space without loming
its energy, light is scattered by mist and smog. Heavy
rain or snow can completely blot it out, Thexafore, it
is necessary to protect the laser beams in oxder to operate
a relickie day-and-night commercial communications system
regardless of weather, TIransmission through pipes filled
with a special gas has been suggested. However, pipe
transmission involives its own gpecial difficulties, The
basic problem is controlling the transmitted signal so
that it is not sericusly distcorted. Another problem is
that of keeping the beaams pointed in exactly the right
direction despite the physical distortion of parts due to
changes in heat or vibration, Lenses and mirrors might
be used to take the beams around corners or to follow the
earth!s contour, Since laser beams are a form of light,
lenses can be used to periodically re-concentrate he beam
into a narrower beam and the mirrors can be used to re-direct
it.

Transmission over long distances with the laser poses

oy e,
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many engineering difficulties, Howevexr, communications

engineers are confident that these proklems can be solved,

INITIAL LEARNING TEST

PLEASE ANSWER THE FOLLOWING QUESTIONS IN THE SPACE PROVIDED

BELOW

1,

The modulator produces two new waves; what combinations

of the voice and carrier wave frequencies do these
represent?

Why must 4,000 cps of bandwidth be allowed for each
voice in multiple voice transmission?

Why are high frequency circuits less efficient than
low frequency conductor circuits?

How is a laser beam generated?

Why is it possible to use the carrier technique with
laser light and not with ordinary light?

Why is it theoretically possible for the laser beam
to carry so many conversations at the same time as

compared with conventional methods?
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Directions
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C-2 Communications Tests

Directions

Retention Test
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APPENDIX C-1
Metalworking Tests

NAFIE NUMBER

DIRECTIONS

About six weeks ago you read some information con-
cerning lasers and answered six questions. Those guestions
were designed to see how well you could remember technical
information immediately after reading the material,

The following questions are designed to see how well
you still remember the material, 3cores will be posted
ACcording to the number fcund on the upper right hand corner
of this page, which will allow you to compare your score
with those of your classmates,

Answer each question by selecting the best answer
and darkening the corresponding section of your answer
sheet, CIxample:

If the answer to number one is A, then darken the area
between the two lines for A after 1, Make sure the entire
area between the two lines is completely darkened and that
you place no other marks on the answer sheet,

o NI

A B C D E

Please make no marks on the list of questions,
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RETENTION TEST
TEST ON LASER
1, A laser beam is focused with
A, magnets .
B. prisms
C. lenses
D, mirrors
2. The chain reaction occurs between the atoms
in the ruby rod,
A . ruby
B. chromium
C. crystal
D, uranium
3., When ¢ laser beam emerges from a laser device
A, it spreads rapidly
B, it is in the form of a concentrated beam
C, it radiates in all directions
D, none of these )
4, If a laser beam struck each of the following types of
materials, which would achieve the highest temperature?
A, opaque absorbative
B, opaque reflective
C, clear reflective
D, clear absorbative
5. In a laser device the capacitor
A. stores up electrons
B, needs charging
C. releases stored up electrons
D, all of these
6. The focusing of a laser beam
A, is not necessary
B. is verxy time consuming
C, is impossible
C. is done quickly and accurately
7. The joining of two pieces of metal to form a solid

joint cculd best be accomplished by
A, machining

B, spectrum analysis

C. welding

D, shaping
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11,

12,

13,

14,
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Which of the following is an advantage of laser
machining?

A, very accurate

. material machined is removed from the work area
can machine any material

cll of these

Caow

3

The energy of a laser beam is used in the form of
in metalworking applications,

. light
rays
heat
sound

U Qwe

>

Which of the follcwing was not discussed as a type of
laser?

A, gas

B, liquid

C. solid

D. atomic

The energy of a laser beam is concentrated by using
A, lenses

B, prisms

C. magnets

D, mirrors

Laser light is re-directed
A, with lenses

B. naturally

C. with prisms

D, with mirrors

A capacitor

A, discharges slowly

3. discharges rapidly

C. destroys excess electrical energy
D, converts electrical enexrgy to heat

The flash lamp on a laser device

A, generate the laser beam

. precduces photons which activate the ruby rod
stores electrons .

stores photons

UOw

o

“Thich of the following must be performed in a vacuum
. laser welding

. electron welding

. laser machining

. conventional machining
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16, The energy level of an atom can be raised by
A, applying external energy

. removing external energy

providing a neutral energy field

placing atoms in a vacuum

cgow
.

17, The beam is released from a laser device by breaking
through a
A, lens
B, prism
C. mirror
D, port hole

s i U i

ST

—
0
]

If ¢ laser beam struck each of the following materinls,
which would achieve the lowest temperature?

%, opaque reflective

. opaque absorbative

., ¢clecxr reflective

. cleayx aksorbative

g

e

oo

N e

3 19, In order for o meterial tc be vaporized by a laser
: beam, it must be

3 M. soft

B. have a low melting point

C., opaque

D, reflective

o el A,

BT

¢ 20, \ laser beam can weld metal surrounded by a

4 . gas

k> B, air

E C., vacuum

g J. all of these

g 21. 11 energv released fror the atoms during the chain )T

reaction that is not released parallel to the ruby rod ;s
8 1. redirected by lenses
B. redirected hy a magnetic field

C. lost
N, stored

(g
~J

e Lnser lighit havin-g been emitted from a laser device
becomes ¢ beqm

e with lense

3, naturQlly

C. with prisns

D, with mirrorvrs
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23, The encrgy in a solid-state laser is built up by a
chein ves<tion of photons and
A. ruby ctorg
B. chromium atoms

~rwucatal Adtamoe
- o vh’ﬂ W A e ISR 2]

D, vranium atoms
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24, Most lasers are pulse- type because of the need to
A. adjust the beam ‘
B., charge the battery

: C. charge the capacitor

3 D, adjust the wvoltage

bt sp:'gg w.’;
4
»

T

25, Energy released from what part of the ruby rod in a
laser device would be likely to be most powerful?

A, end i
B, side ;
C. both would be equal ’
D. not possible to predict :

26, Laser producticen tools
A, have been used for many vears
B. are widely used
Co will not be practical
D. are not yet available

SUCE NN M- SR FOE SV LS § FATT NN
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27. Oxidation and other undesirable chemical reactions do
not occur when welding with a laser, because
A, the welding is done in a vacuunm
B. of the rapidity ef the heating action

‘ C. special gasses are used

; D. all of these

3
!
é 3
F
4
i
i
5
¥
E‘
tt»
L
L.
L
E
52
£
L
3
£
i
.t“ ¥
P
:

28, WYWhich of the following materials can not be melted
by a laser beam?
A, diamonds
B, stainless steel
C. clear glass
D. none of these

Pl N
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29, After welding with a laser, what consideration must be
given to the oxide formed?
A, the oxide must be removed
B. the oxide need not be removed
C. removal of the oxide depends upon the next process
to be performed
D, there is no oxide to speak of
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30,

31,

32,

33,
%
.

34,

35,

,; 36,
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The pulse-type beams of present day lasers are due to
the characteristics of the

A. capacitor

B, resistor

C. flash lamp

D. magnetic field

An atom at rest is usually at its energy level,

A, medium

B. lowest

C. highest

D. can not predict

The type of material generally used in a solid-state
laser device is °

A, synthetic ruby

B. genuine ruby

C., crystal

D, stainless steel

Which of *he following limits the application of
electrcn welding?

A, must be done in a vacuum

B, limited as to the size of the piece being welded
C. can not bz used on all materials

D, all of these

Under which of the following conditions can the laser
function?

A, in the atmosphere

B, in a vacuum

C. in space

D. oll of these

The laser machines metal by the metal,
A, cutting

B. vaporizing

C., melting

D. shaping

In which of the following processes is the laser not
used?

A, melting

B, bending

C. vaporizing

D, none cf these
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37.

38,

39,

4C,

41,

42,

43,

a4,
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Solid-state lasers are most powerful because
A, they are larger

B, they have a larger numbcr of active atoms
C. they use transistors

D, all of these

Lasers manipulate metal primarily by
A, melting and vaporizing

B, melting and shaping

C, vaporizing and shaping

D, melting, shaping and vaporizing

Spectrum analysis is used to

A, shape matal

B, analyze the composition of a matarial
C. drill holes

D, remove metal

Mirrors are used with laser light to the bean,
A, concentrate

B, spread

C, focus

D, direct

Wwhich of the following characteristics must a metal
have before it can be machined by a laser?

. brittleness

. hardness

tensil strength

. none of these

oW

Machining is the process of

. analyzing the composition of steel

. melting metal

vaporizing metal

. performing operations on metalwork by machines

o 0w

A laser beam

A, penetrates the material it strikes

B, heats by conduction from the outside in
C, cuts by sawing motion

D, separates atoms

Which of the following is the most often used type of
lasex?
A, solid-state
gas ‘
liquid
semi-liquid
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45, Which of the following limit the application of the
lager?
A. distortion of metal due to heat
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B. unwanted chemical reactions

o C. pulse type beans

3 D. all of these

1

\2 TRANSFER TEST

)

g 46. Which of the following photons of energy would have

\ the best chance of emerging as part of the laser beam

during the generation of the laser beam?

i A, one traveling away from the nmuzzle

| B. one entering the rod from the flash tube

i C. one released from a chromium atom 2
- D. cannot predict :

b 47, A person walking into a powerful laser beam would i

q A, not realize he had dene so f

} B. be burnt "

{ C. feel heat :

§ D. cannot predict '

48, If you needed to make small holes in an electronic

} component during the next year, which of the following

; types of drills would you not oxdex?

| A, a conventional drilil
} g B. laser drill

! C. electronic drill .

5 D. high frequency drill

; 49. Which of the following uses a different method ¢f laser

i metal manipulation than the other two?

! A. welding

: BR. machining

! C. spectrum analysis

] D. all the same

i

i

% 50. At the present time an intricate micro-welding oper- :

1 ation would most likely be performed by §

: A, gas welding 1

! B. arc welding '

f C. electron welding |

) D. laser welding }
i % 51, Drilling deeply into a material with present laser ¥

% equipment would require '

b A, one laser pulse £

i hd p ¥

d B. a number of laser pulses .

5 C. pre-heated metal ¢

% D. a vacuum :

1 L

A
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S2. Which of the following could a laser wald?
A, two pieces of opaque glass
B. two pieces of metal in space
C. two pieces of rock
D. all of these

53. Lasers aras used primarily for micro-operations because
of their
A, atrength |
B. accuracy i
C. versctility :
D, size

»
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S4. If while welding you incorrectly turned the strength
of the laser beam extremely high, what would be likely :
to happen to the material you wers welding? ;
A, it would melt
B, it would vaporize
C. it would split
D. nothing

TN e s o WA NN i Wi . e ¢ 4 e en

55. Which of the following meters positioned around the
laser would show the greatest increase in energy as
the laser began to generate and before it fired?

A. a meter placed at the muzzie

B. a meter placed along side
= C. a meter placed at the end away from the muzzle
D. all the same

raduh LS

56, A bullet is shot at a can; the atoms of metal are at
their highest energy level

. before the bullet gtrikes

. while the bullet is striking

. after the bullet strikes

. cannot predict

DO oy

s

S57. Which of the following meters positioned around aq laser
device would record the highest energy level during the

35 generation of a laser beam before the beam is released? 1

o A. a meter placed at the muzzle end : :

3 B. a meter placed along side

C. both would be equal , ]

D. not possible to predict

LA ES DR 2 oS U D

58. Which of the following substances would not be melted
by a laser beam?

A, clear glass .
B. rock ¢
C. steel ,
D

industrial diamond
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61,

62,

63.

64,
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You are wondering whether or not a piece of aluminum
contains chromium, which of the following processes
would you use to answer this question?

A, welding

B, spectrum analysis

Ce machining

D, electron bombardment

In which of the following items would the atoms bhe at
the highest level of internal energy?
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