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ABSTRACT

A STUDY OF MUSIC: APPLICATION OF A HIERARCHICAL
MODEL IN THE LEARNING OF SELECTED
HARMONIC ELEMENTS

By

Myron D. Colber

Background and Purposes

In the winter quarter of 1970, an experimental study
was conducted at Michigan State University with 40 elemen-
tary education majors participating. The model basic to
this investigation was formulated by the psychologist/
researcher, Robert M. Gagné, and is based on observations
about learning and the classification of these experiences.
The hierarchical conditions of learning that Gagné presents
stems from the idea that complex forms of learning require
simpler forms of behavior as prerequisites.

The main purpose of this study was to observe the
change in achievement level attributable to the particular
sequence of programed material presented to each of the
four groups. Specific purposes branching from the central
objective were to:

1. Determine the effect of an abridged auto-instructional

program on a music learning task.
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Examine the results of a scrambled instructional series
when applied to music learning.

Study the influence on retention when scrambled and/or
abridged programed material is used.

Learn if an ordered sequence of instruction in music is

superior to scrambled or incomplete programs.

Procedures
Programed material was devised to assist the partici-
pants in learning the specified harmonic elements.
Four self-constructed tests were developed to measure
achievement on the instructional material both prior to
and after the treatment period. Parts of two Colwell

Music Achievement Tests were also used.

The 40 college students, enrolled in a required course
for elementary education majors, were randomly assigned
to four numerically equal groups; each group received
and completed a full, ordered program, a scrambled pro-
gram, an abridged program, or a scrambled/abridged pro-
gram.

The treatment involved completion of the assigned pro-
gramed material; this took place during seven class
hours (350 minutes) over a 15 day period.

Twenty-one subjects voluntarily returned 13 weeks after
the experiment to take one of the four devised tests;
the test was used to measure retention.

An analysis of covariance was the means of testing the

hypotheses.
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Hypotheses and Results

The group exposed to the full, ordered sequence of mate-
rial will have a greater increment of learning than the
other groups as measured by the posttest. Rejected.
There will be no difference in achievement between the
students exposed to the full, ordered sequence of mate-
rial and the students experiencing the full, scrambled
sequence as measured by the retention test. Accepted.
The students exposed to an incomplete sequence, whether
ordered or scrambled, will not differ in achievement

on the retention test. Accepted.

The students that are exposed to the full sequence of
material, whether ordered or scrambled, will show a
higher achievement on the posttest than the students
experiencing an abridged sequence. Rejected.

The students undergoing a scrambled/abridged program
series will have a lower achievement than the other
groups as measured by the posttest. Rejected.

There will be no difference in retention levels among

the four groups on the delayed retention test. Accepted.

Conclusions

Based on the results of this investigation, the fol-

lowing conclusions are admissible:

1.

When nonmusicians undergo a series of programed mate-
rial, a reordering of the blocks within the program has
no statistically significant effect on the overall

learning.
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Providing all facts necessary for mastering a specific
task are present, the omission of additional information
does not impair students' achievement level. An abridged
auto-instructional program does not necessarily inhibit
learning.

A combination of scrambling and abridging a programed
sequence of learning has no statistically significant
detrimental effect on terminal achievement. This
assumes that scrambling does not take place within
blocks nor that abridgement removes vital information.
Retention level is not adversely affected at a statis-
tically significant level by scrambling segments of a
programed series. The implication is that items within
segments remain in order.

Students more than likely can overcome the effect of
omitted material in an auto-instructional program, even
though the task is compounded by scrambling segments

of instruction. The retention level is equal for stu-

dents whether the program is scrambled or abridged.
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CHAPTER I

THE PROBLEM

Need for Study

Considerable research has been and is being done in
the area of human learning. The quest has ensued from many
different angles: how much can be learned, when is the
best time, why does a person learn, what learning is pos-
sible, how long ;an this learning be retained, and so forth.
The search has been extensive in some disciplines, but
meager in others.

In general, psychological or learning research has
not been an item of intense interest to teachers of music.
Many disciplines have seemed to profit from research by
applying findings to educational practices. It appears,
therefore, that basic research can provide insights into
more effective and efficient means of instruction. If this
is true music education should increasingly be engaged in
the search for evidence fundamental to music learning.

From observation and experience there appears to be
a barrier between scientific inquiry and the arts. The
performing and teaching musicians are not called upon to

think scientifically although they may use some scientific



approaches in solving musical problems. The avoidance in
applying scientific thought to musical situations may be
due chiefly to the fact that few musicians are oriented in
the sciences and develop a basic mistrust and prejudice
against them. It is understandable that such a musician
would naturally avoid the systematic inquiry of experimental
research. This may be a partial answer to the fact that
there is little research which combines scientific inquiry
and music. This lack needs to be met to take advantage of
improvements that would accrue from such investigations.

The need for this study and others like it are justi-
fiable from another viewpoint. Music is basically a non-
verbal medium whereas other fields of study in which the
majority of research is done are verbal in nature. It is
probable that similar experiments in music and a verbal
discipline would yield dissimilar results. Conversely, it
is not unrealistic to assume that the procedures used to
produce findings based on nonverbal (music) research could
be duplicated in an otherwise verbal discipline and result
in valuable information for that field of study. The need
exists for a mutual sharing of research between music and
other studies so that all may profit from the benefits.

It is self-evident that an improvement in both
teaching and learning would be most welcome in the music
education process. The responsibility of initiating changes

resulting in improved teaching and learning rests on the



teaching musicians. As long as there is a probability that

the teaching/learning process in music can benefit by ap-

plication of methods and procedures found successful in

other areas, a necessity exists to research every possibility.
This study has been undertaken with the expectancy

that the findings will assist in understanding the processes

of music learning. The attainment of this goal would con-

tribute much to the music education enterprise. The learn-

ing model investigated is widely accepted in the academic

community and has had considerable research application in

other subject fields.

Discussion of Research Model

The model basic to this investigation has been formu-
lated and presented by the psychologist/researcher, Robert M.
Gagné (1965). The emergence of Gagné's model is based on
observations about learning and the classification of these
experiences. The focus is on changes in behavior due to
learning and not attributable to maturation. The conditions
of learning that he has categorized into eight types of
tasks is not to be construed as a theory of learning. Gagné
does, however, draw upon many theories of learning to define
and describe his hierarchical model. He relates Signal
Learning (Type 1) to the work of Guthrie, Mowrer, and Kimble.
Stimulus-Response Learning (Type 2) he associates with
Pavlov and Skinner. Gilbert provides the background for

Chaining (Type 3) while Verbal Association Learning (Type 4)



draws upon the research of Ebbinghaus, Jensen, Jenkins and
Underwood. Ifultiple Discrimination (Type 5), Concept
Learning (Type 6), Principle Learning (Type 7), and Problem
Solving (Type 8) comprise the four higher levels of Gagné's
stratified system. Detailed definitions of the eight types
of learning are presented in Chapter II and include musical
examples relating to each level.

A survey reveals that the bulk of Gagné's writings
and research based on his model involves verbal learning.
This is natural in that verbal communication is the means
of information exchange in the academic and research com-
munity. As mentioned in the previous section, music is
basically nonverbal in nature; however, verbal communica-
tion is the vehicle by which music learning takes place.
The higher the level of learning on Gagné's model, the
greater is the dependency on verbal communication. Avail-
able literature also indicates that a greater frequency of
overlapping and simultaneity of learning tasks exists as
the higher levels of Gagné's model are practiced. This is
not to say that Principle Learning (Type 7) employs the
lower six levels simultaneously. Gagné himself has ques-
tions and reservations regarding the sequence of levels in
achieving learning above the Signal type.

The thrust of Gagné's system is aimed at planning and
managing instruction and only indirectly at teacher/student

interaction, motivation, establishment of attitudes and



values, creativity, and mode of instruction. As any teacher
knows, there is great value in designing the subject con-
tent to match the student's background and capabilities.
This is the strength of Gagné's model: it is a method of
sequencing instructional material to enable a student to
move from his level of understanding to a higher level of
knowledge by mastering a succession of logically structured
learning tasks equal to his capabilities. This principle
could apply to many methods, i.e., lecture, discusssion,
assigned reading, programmed instruction and audio-visual
media. Finally, direct application of the model is the
possibility of evaluating student learning from the material
to which he was exposed. By this the teacher may evaluate
his success in structuring learning and the student may

know what knowledge he has achieved.

The principles discussed in this section are felt to
be applicable to the study of music, whether it be indi-
vidual or mass instruction, verbal or nonverbal, performance
or academic in nature. It is the intent of this study to
show the value of relating Gagné's model to an aspect of
music study.

Briefly stated, the model that Gagné presents is
formulated from the idea that complex forms of learning

require simpler forms of behavior as prerequisites.



PurEose

The main purpose of this study is to determine the
change in achievement level attributable to the effect of
programed instruction in a music learning situation.
Stemming from this main objective is the investigation of
a number of specific questions that pertain to scrambling
and/or omitting portions of sequenced learning material.
Harmonic elements, as related to the levels of Gagné's
hierarchical model, are used as the musical means to de-
termine the effect of a scrambled and/or incomplete se-
quence on learning and retention. Does the order of pre-
sentation effect a student's learning? Can the "mind
bridge the gap" when certain material is omitted from an
instructional sequence? What is the resultant retention
efficiency when a portion of a body of knowledge is left
out or the order of presentation is scrambled? This study
attempts to answer these types of questions and presents
statistical findings based on this search. Implicit in
this investigation, but not specifically reported, is the
objective of determining whether learning models can be
applied to music study, and whether a hierarchical system

can be employed in teaching music.

Hypotheses

Testable forms of the six hypotheses are contained
in Chapter III. For introductory purposes, the hypotheses

stated in broad, general terms are:



1. The group exposed to the full body of material
in original sequence will have a significantly
higher achievement than the other groups.

2. There will be no difference between groups that
receive the full body of instruction even though
the order of presentation is scrambled.

3. There will be no difference between the two stu-
dent groups that have a portion of the programed
material omitted even though the sequence may vary.

4. The subjects exposed to a full sequence of mate-
rial, whether ordered or scrambled, will show a
greater increment of learning than will subjects
experiencing an incomplete sequence.

5. The students who are exposed to an incomplete
and scrambled body of instruction will have the
lowest achievement of all groups.

6. There will be no difference in retention levels

among the four groups.

Definition of Terms

EGRULE--a deductive approach to learning; from the general
to specifics--from example to rule

Hierarchical task--a task where mastery of each successive
part is a prerequisite to mastery of the next part

Knowledge--that inferred capability which makes possible

the successful performance of a class of tasks that

could not be performed before the learning was under-

taken (Gagné, 1962)



Productive learning--the kind of change in human behavior
which permits the individual to perform successfully
on an entire class of specific tasks, rather than
simply on one member of the class (Gagné, 1962)

RULEG--an inductive method of structuring learning; pro-
ceeding from the specific to the general--from rule

to example; discovery method

Limitations

The subjects taking part in the study were bachelor
degree candidates enrolled in one section of a required
music course for elementary education majors. A survey of
the students involved in the experiment revealed a high
proportion of women, therefore, a comparison of male and
female achievement levels was not possible. The total
treatment time was 350 minutes divided into seven equal
sessions over a two week period.

The intent of the study is limited to the develop-
ment of the ability to visually, aurally, verbally, and in
performance, identify major and minor triads and their
intervallic components. It was not presumed that the pro-
gramed material developed for this study would lead to
mastery of the subject matter. The program was devised by
the researcher to facilitate control over the order in
which material was presented to the experimental groups.
Too, it must be understood that the programed series was
adjunctive to the lectures, piano and practice labs and

instructional tapes that formed the thrust of the course.



Over-view of the Thesis

In the following chapter, literature and the research
model relating to this study are reviewed. A study similar
to this one, but dealing with rhythmic rather than harmonic
elements, is closely inspected. Studies in other disci-
plines but guided by like objectives are reviewed.

In Chapter III the design of the study is discussed.
This will include various characteristics of the popula-
tion, the instruments employed as pre- and post-treatment
measures, and the structure and schedule of the experiment.
Comment is made regarding auto-instructional material. The
testable hypotheses and means of analysis also appear in
Chapter III.

An analysis of the results of the study are presented
in the fourth chapter and follow the order of the hypotheses
as established in Chapter I. An interpretation of the out-
comes of testing the hypotheses, statements of significance,
plus a summary conclude this chapter.

The final summary and conclusions will be submitted
in Chapter V. A focus on the major findings of the re-
search, discussion of the relationship of these findings
to Gagné's model, and ‘implications for further research
are presented.

The appendix includes the measuring instruments and

programed material specifically devised for this study.



CHAPTER II

SURVEY OF THE RELATED LITERATURE

Four areas of review seem pertinent to this study:
directly related music research, extra-disciplinary studies
employing the Gagné model, and the Gagné model itself. The
fourth area, of less critical nature, is the Colwell test
series which is used as a basis for determining entering
musical achievement of the subjects participating in the

experiment.

Relevant Music Studies

The literature available yields but three studies in
music that relate to this experiment.

By means of teaching machine and tape, an experiment
was conducted studying the effects of order of presentation
on aural recognition of melodic intervals (Jeffries, 1967).
Twenty-four college students were tested on two factors:

(a) the use of small steps of increasing difficulty for
presentation of interval items, and (b) the effects of
knowledge of results (KR) for confirming interval judgments.
The'problem was to investigate the effects on melodic inter-

val learning of presenting a random versus an ordered

10
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sequence of intervals for dictation and the effects of KR
and delayed KR. Data analysis inditated that drilling the
subjects on intervals in random order produced better
learning results than drilling the subjects on intervals

in the order of increasing difficulty. This was especially
evident on the retention test where an analysis of variance
test showed random presentation to be superior beyond the
01 per cent level of confidence. The design of the Jeffries
experiment is similar to the present study. The item of
interval recognition, however, would appear to be confined
to a single level (Type 3) on Gagné's hierarchical model
and therefore relates only in principle.

The one musical study (!Milak, 1969) that employs
Gagné's model, purposed to examine and apply certain basic
types of learning to aspects of music education. In ad-
dition, Milak builds and tests a sequence of instruction
upon concepts derived from these types of learning. 1In-
stead of trying to apply principles of learning psychology
to general levels of music, like performing and under-
standing, an attempt was made to relate specific types of
learning to specific tasks in music education. The speci-
fic tasks defined were structured into a learning hierarchy
and from this a sequence was derived from which the student
was to learn to read and perform musical rhythms. An ex-
tended nonmusical presentation of Gagné's system through

multiple discrimination (Type 5) preceded the musical
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examples to be employed. Milak chooses to limit his use of
the model to Types 2, 3, and 5, omitting the verbal associa-
tion phase. A summary upon which the experiment is vitally

dependent states:

Although there is no specific point where one type
ends and the other starts, each more complicated
type of learning needs the lesser complicated type
of learning as a prerequisite. This writer believes
that before a child can read a melody, he must learn
to perform the pattern or phrases of the melody
(multiple discrimination) by knowing how to respond
to the individual notes in the phrases or pattern
(chaining), which is dependent upon understanding
the basic elements of each note (stimulus response).
Although other types of basic learning (signal
learning and verbal association) can be related to
music education, they do not significantly effect
the learning hierarchy necessary for basic music
reading (p. 59).

In the second part of his report llilak makes a prac-
tical application of the theory and tests his approach
against a "popular conventional method" of teaching rhythm.
Rhythm was chosen because it appeared to be the easiest
musical task to teach and yet one that was difficult to
master. The experimenter describes the conventional method.

The whole note is introduced on a five line staff.
It is described as a circle which is held for four
beats. Then the teacher plays the note and has the
students count to four while he plays. The students
are then instructed to repeat the note durations.
After the students learn to respond to these notes,
they are combined with their respective rests into
rhythmic exercises of one pitch, written on the five
line staff and in a meter with bar lines. The bar
lines are explained as the even division of the beats
in a piece to which an order of counts are applied.
These counts are added when necessary as an aid for
reading the rhythm. In this method the written
symbols for rhythm are immediately used as a stimu-
lus and the response is producing the proper length
of note or rest (p. 62).
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In his experimental method Milak first teaches his
subjects to respond to symbols that represent steady beats.
After that ability was learned the child would then learn
to play longer notes or observe similar rests which were
multiples of the basic beat. This was Phase One or the .
stimulus-response level of the Gagné model.

Phase Two of the experimental method involved learning
to observe a note or rest of a specified length (in terms
of number of beats). This is defined as a chained response.
Also, as part of Phase Two, the student learns to respond
to the musical symbols (notes and rests) that represent
duration rather than "beat signs" used to this juncture.
This process continues until the student can recognize,
by playing or resting, the following note and rest values:

*J, GJ, JL, o, é, ‘-ﬂ - -,

Phase Three of the method (Type 5 in the Gagné model)
specifies that the subject is able to classify each note
and rest symbol as to the proper number of beats. Many
different patterns are formed from the eight symbols and
the student develops the ability to read written phrases
which consist of notes and rests in a quick, reliable
manner.

The two methods, conventional and experimental, were
introduced to two groups of fifth grade students who were
beginning an instrumental program on brass instruments.

Another group of private piano students were added to the
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first two groups to check intervening variables. The ex-
perimental group consisted of six male students who met as
a group and received approximately five to seven minutes
of experimental rhythm instruction each lesson. They had
30 minute lessons on l!londay, Wednesday, and Friday but
were not permitted to take their instruments home. The
control group of four fifth grade students, two girls and
two boys, were instructed for approximately ten minutes
each lesson by the conventional method. These students
had only one 30 minute lesson per week but were permitted
home use of instruments.

A second experimental group of four fourth and fifth
grade piano students was instructed once a week for 30
minutes using the experimental method. These, as the con-
trol group, were instructed to practice 30 minutes a day.
The author taught all three groups, each receiving nine
weeks of lessons after which a test of sight-reading a
rhythm was given to each subject.

The results indicated that both groups taught by the
experimental method outperformed the control group. The
experimenter observed that a relationship seemed to exist
between the number of verbal cues and the number of repe-
titions.

Milak's conclusion was that the validity might be
questionable due to the small number of subjects, but that
the basic theory seemed workable and pointed to the need

for more sophisticated experimentation.
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The results of Ililak's experiment methods are as

follows:
Group Subjects No. of Cues No. of Repetitions
1lst Experimental sy 1 1
2 0 0
3 3 14
4 1 2
5 0 1:
6 1 2
Total 6 74
Average s 1.16
2nd Experimental 1 1 1
2 0 0
8 2 1
4 1 1
Total 4 3
Average 1 075
Control Group 1 0 0
2 3 3
3 2 1
4 1 4
Total 6 8
Average 1.5 2

Mr. Milak may have strengthened his study by using
a greater number of subjects and certainly could have pro-
fited by a more refined measuring device. Also, dependent
on the collected information, an improvement in data analy-
sis would have been desirable.

Logical versus random sequencing of items was the topic
of another study (Hamilton, 1964). The experiment was de-
signed to examine the effectiveness of learning from auto-
instructional programs which required either specific or
nonspecific responding and in which the units were sequenced

either logically or randomly. Hamilton defines specific
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response as one in which the subject is asked to "think

the answers" into the answer blank, and nonspecific response
as providing no answer blanks nor suggestion for "thinking
the answer." It was hypothesized that: (a) the specific
response mode would produce greater gains in learning than
the nonspecific response mode, and (b) the logically or-
dered sequence would produce greater gains than the randomly
ordered sequence, and (c) an economy of time would result,
from both the logically ordered sequence and the nonspecific
response mode.

The subjects were 68 fifth and sixth grade students
in three classes who were randomly assigned to four treat-
ment groups. A pretest was given immediately before the
program began and the posttest was given immediately after
the program. The entire experiment took about two hours
in each of the four classrooms.

The instructional instrument was a 106-item auto-
instructional program on the subject of recognition, con-
struction, and computation of the relative time value of
music notes and rests. The researcher constructed the pro-
gram and assessed its effectiveness in a classroom situa-
tion. The entire sequence of program items was randomized
without breaking it down into self-contained units and a
different random sequence was assigned to each subject in

the random sequence conditions.
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Data showed the random specific program version to
have produced significantly less gain in learning than
either of the two nonspecific program versions, but not
demonstrably less than the logical specific version. This
finding is partly in agreement with the general hypothesis
that logically ordered sequence would produce greater gains
than randomly ordered sequence. This supported the belief
that with randomly ordered sequence, the nonspecific re-
sponse mode would produce greater gain than the specific
response mode. The nonspecific response mode resulted in
an economy of time according to the data analysis. Since
the logical sequence specific response condition produced
somewhat greater gain than the random sequence specific
response condition, Hamilton suggests it is safe to assume
that interframe cueing which accrued to the learner from
the logically ordered sequence probably offset some of the
negative effects of the lack of formal confirmation in the

specific response conditions.

Related Studies

Several studies pertaining to sequence, material
gaps, and scrambling of instructional content seem pertinent
to the present study.
One such study (l1iller, 1969) addressed the follow-
ing questions:
1. What effect does sequencing have on the effective-

ness of a programed unit as measured by criterion
and retention tests?
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2. What effect does sequencing have on the effici-
ency of a programed unit as measured by time on
the program, and number of errors on the program?

3. Will prior information in the form of an out-
line specifying the topics to be covered in the
program be helpful to students (especially
those using nonlogical sequences)?

4. Will the experimental variables have an effect
on the mood or feelings of the students?

5. How will the students' level of subject mat-
ter achievement be related to sequencing and
prior information variables? (p. 64)

Eight programs on matrix arithmetic, representing
four methods of sequencing and two levels of prior infor-
mation, were presented to two groups of experimental sub-
jects. Substudy I used a group of 119 eighth grade stu-
dents and Substudy II, a group of 111 twelfth graders.
Students in each of the substudies were randomly assigned
~to one of the treatment combinations. Treatment sequences
were described as follows:

1. 1logical--both macro-order (large blocks of con-
tent remained in order) and micro-order (material
remained in sequence within the three larger
blocks) were preserved.

2. nonlogical I--this sequence involved randomiza-
tion over the entire length of the original se-
quence, thus disrupting both macro- and micro-
orders.

3. nonlogical II--micro-order was disrupted but
macro-order was preserved.

4. nonlogical III--micro-order was preserved and

macro-order disrupted in this sequence.
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The 96-frame linear programed instructional unit
selected for the study was developed in a workshop at the
University of Rochester and was field tested successfully
by its author. A 46-item objective criterion measure was
developed for use in the study, and was estimated to be
0.90 reliable by the Kuder-Richardson Formula Number 21.
The level of significance for rejection of all hypotheses
was set at .05.

In both substudies, the treatment groups that regis-
tered the better performances on the multiplication portion
of both the criterion and retention measures were those in
which macro-order was preserved. Ililler suggests this
lends support to Gagné's ideas that the attainment of indi-
vidual tasks within a hierarchy can be accomplished in a
number of ways, including nonlogical programed sequences.
He continues by suggesting that there exists a point beyond
which extreme attention to logical sequencing yields dimin-
ishing returns proportionate to the effort expended.

In conclusion Ililler states that students apparently
overcame the effects of disrupting micro-order through some
means of mental reorganization of the information and that
sequence of frames does not make a difference as long as the
order of concepts is preserved. The trends in the criterion
measure persisted in the retention measure; no sequencing

treatment appeared to affect retention in any unusual way.
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The implications are that logical sequence still
appears to be the best in terms of overall effectiveness
and efficiency, but that detailed laboring over micro-order
sequencing is unnecessary.

Robert Mager has been very active in learning out-
comes and in one study (llager, 1961) proceeded to determine
whether a learner-generated sequence would be similar to
an instructor-generated sequence, and whether or not there
would be a common element of sequences generated by inde-
pendent learners. The instructor met with a single learner
who had expressed interest in elementary electronics. The
learner was informed that he would have control over the
curriculum simply by asking the teacher questions and only
that information would be given. A complete lab and mate-
rials were made available and the learner was informed that
the course would terminate at his own request. A total of
six adult subjects (3 male and 3 female) independently par-
ticipated for a total of 24 instructional sessions. The
average session length was 65 minutes.

Three observations appeared worthy of reporting ac-
cording to Mager.

1l. The learner begins the course in electronics with
an entirely different topic than does the instruc-
tor. All six participants asked about the vacuum
tube during the first 40 minutes of instruction

even though eight different electronic courses in
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industry and the military began either with the
subject of magnetism or with the electron theory.

2. Common subject matter was greatest at the begin-
ning and as instruction progressed the learner
moved into areas of his specific interest.

3. The subject tended to direct his sequence from
the simple to the complex, for him that meant
from a simple whole to a more complex whole, or
from the general to the specific.

The author's stated implications are that the learner's
sequence is most often different than the instructor's and
that the learner's motivation increases in proportion to
the degree of control or apparent control he is permitted
to exercise over the learning experience.

Another study based on Gagné's theory (Merrill, 1965)
proposed to test the assumption that in mastering a hierar-
chical task learning and retention are facilitated by mas-
tering each part of the material before proceeding to the
succeeding parts. The following hypotheses were tested:

1. If Part I is mastered, subjects are able to learn
Part II faster and with fewer errors than if
Part I is not mastered before proceeding to
Part II, etc.

2. When the terminal test requires every subject to
review previously presented materials until he
is able to answer every question correctly,
subjects who are required to master each suc-
cessive part of the task before proceeding take
less total time to master the terminal test than

subjects who proceed from part to part with no
requirement of mastery.



22

3. Subjects who are required to master each suc-
cessive part of the task before proceeding re-
tain the material better than subjects who pro-
ceed from part to part with no requirement of
mastery even when the terminal test requires
every subject to review previously presented
materials until he is able to answer every
question correctly (p. 225).

The task used was a complex imaginary science which
described a system of satellites that move about a nucleus.
In content and structure, this task was almost identical to
many scientific topics taught in school, and yet, because
it was imaginary, it was extremely unlikely that any stu-
dent would already know the content. The terminal task
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