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ABSTRACT

THE DEVELOPMENT AND VALIDATION OF A COMPUTERIZED
DIAGNOSTIC TEST FOR THE PREDICTION OF SUCCESS IN THE FIRST-
YEAR MUSIC THEORY SEQUENCE BY INCOMING FRESHMEN AT
MICHIGAN STATE UNIVERSITY

By

James P. Colman

Freshmen music students enrolling at many colleges and universities
in the United States frequently face a one year music theory course
requirement. First-year music theory courses seek to provide all freshmen
students with a common theory foundation for the rest of their music
training. Some assumptions must be made concerning the present
knowledge of incoming students. These assumptions are seldom accurate for
all students. The goal of this study was to create a computerized diagnostic
test capable of measuring the current music theory achievement of incoming
students so that statistical data could replace the assumptions made by college
theory professors. Secondly, this study sought to determine whether the
newly created test could function as a predictive variable in the evaluation of
future success in music theory at Michigan State University.

The test included 90 questions designed from objectives covering all
content areas of the first term of the music theory sequence at Michigan State
University. The test was implemented on the Macintosh computer using the
HyperCard software from Apple Computer, Inc. Each test item included from

two to four multiple choice answers. The subjects selected an answer by



clicking with the computer's input device (mouse) on the chosen answer.
The computer handled all aspects of the test including administration, data
storage, test result printouts, and statistical analysis.

The test was administered to 59 freshmen subjects at the beginning of
the Fall term in 1988. The results of the test were correlated with three grade
criteria over a period of three college terms: theory lab grades (0-100%), final
percentage grades (0-100%), and grade points (0.0-4.0). The test was also
correlated with a three-term average computed for all subjects who completed
the entire first-year theory sequence. The strongest correlation was found
between the test and final grade points. This was surprising since the grade
point scale was the least sensitive of the three criteria. The study concluded
that the first iteration of the music theory test was sufficiently successful to

warrant further development for future use as a diagnostic/predictive tool.



Copyright by
James Peter Colman

1990



Dedicated to my wife who has been

my constant support and encouragement




ACKNOWLEDGEMENTS

I wish to express my sincere appreciation to Dr. Albert LeBlanc for his
input into my professional development, his willingness to give me
opportunities to use my developing research skills, and the tremendous
guidance he has provided throughout this endeavor. Iam proud to call him
my mentor. I also appreciate the substantial input and support of Dr. Charles
Ruggiero, Dr. Theodore Johnson, Dr. Corliss Arnold, and the freshman

theory students who participated in this study.

Apple®, ImageWriter®, Macintosh®, and HyperCard® are registered
trademarks of Apple Computer, Inc.

SuperPaint® is a registered trademark of Silicon Beach Software.
Professional Composer® is a registered trademark of Mark of the Unicorn.

MacRecorder® and SoundEdit® are registered trademarks of Farillon
Computing, Inc.

IBM® is a registered trademark of International Business Machines
Corporation.




TABLE OF CONTENTS

List of Tables. ix
List of Figures X
Chapter 1 - The Problem 1
Introduction yi
Need for the Study. 6
Problem Statement 8
Definition of Terms. 9
Limitations 11
Chapter 2 - Review of Literature 13
The Usefulness of Prediction 13
Development or Validation of Tests as Predictors 16
The Identification of Predictive Variable: 22
The Use of Computers in Testing 25
Construction of a Predictive Musical Test. 29
Conclusion 34
Chapter 3 - Development of the Test 35
Chapter 4 - Test Administration and Results 47
Test Administration 47
Demographic Characteristics of the Sample 49
Descriptive Statistics on Test Scores 50
Test Item Difficulty and Discrimination Indice: 51
Test Reliability 53
Descriptive Statistics on Term Grades 56

vii




Correlation of the Theory Test and Class Grades

Chapter 5 - Discussion
Problems with the Study

Other Applications

Conclusior

Suggestions for Further Research and Improvement

Appendix A - Frequency Distribution of Test Scores
Appendix B - Item Difficulties and Discriminations .........ecveesssnrerssssnnee.

Appendix C - Frequency Distributions of Grades

Appendix D - Colman Theory Test

Bibliography




LIST OF TABLES

Number of Test Items in Each Content Area of the Colman Test

Divided Into Three Types of Mastery 40
Student Responses to Questions of Previous Musical Experiences.
Number of Test Item Discriminations Within Selected Ranges...........c............ 53
Test-Retest Scores of 20 Students. 55

Descriptive Statistics on Grades for Three Terms of the First-Year Music

Theory Sequence 58
Correlational Statistics for Comparison of the Theory Test With

Classroom Grades 61
Frequency Distribution for 59 Theory Test Scores 72
Test Item Difficulties and Discriminations Displayed as Percentages................ 74
Frequency Distribution for Student Lab Grades in Music Theory ...................... v d

Frequency Distribution for Student Percentage Grades in Music Theory.
Frequency Distribution for Student Final Grades in Music Theory................... 81




LIST OF FIGURES

Distribution of theory test scores converted into Z SCOTeS..........cceevveereerenersensrenenn 50

Correlation scattergram between Fall term lab grade percentages and

number correct on the theory test. 63
Correlation scattergram between average final grades and number

correct on the theory test. 64




CHAPTER 1 - THE PROBLEM

Introduction

Freshmen music students enrolling at many colleges and universities
in the United States frequently face a one year music theory course
requirement. The course usually consists of two semesters or three quarters.
Typically, students enrolling as college music majors have relatively little
sbeciﬁc training in music theory. Any theory knowledge they have
accumulated they gained through private music lessons or performance in
high school band or choir organizations. Financial cut-backs have severely
limited the number of high school music theory classes. First-year music
theory courses seek to provide all freshmen students with a common theory
foundation for the rest of their music training. It is impossible to begin from
the very first concepts of music theory training, however; some assumptions
must be made concerning the present knowledge of incoming students.
These assumptions are seldom accurate for all students. Increased risk of
failure results when students attempt to accomplish the requirements of a
first-year theory course without the assumed knowledge since they start at a
disadvantage. The goal of this study was to create a diagnostic test capable of
measuring the current music theory achievement of incoming students so
that statistical data could replace the assumptions made by college theory
professors. Secondly, this study sought to determine whether the newly

created test could function as a predictive variable in the evaluation of future
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success in music theory at Michigan State University. The end objective of
the study was to provide a musically specific test that would give advisors of
college music majors another aid for proper advising decisions. Some
background in the types of advising problems and educational treatments
addressed by this study is in order.

Accurate diagnosis of student abilities and deficiencies is extremely
important to successful college and university counseling. Students who
receive inadequate advising risk the possibility of incomplete preparation for
their chosen profession or even misdirection into a field for which they are
ill-suited. Current enrollment policies of United States institutions of higher
education permit completely open enrollment, that is, there are no admission
requirements, other than available space, hindering a student's acceptance.
The policy of open enrollment, however, brings with it the problem of
providing each student the most useful education possible while dealing with
a myriad of differences in each student's background and needs. Willingham
(1974) identified two recent trends which increase the academic advising
demands placed upon higher education.

First, a greater diversity of educational alternatives and incentives,
including community colleges, federal student aid, and flexible academic
programs, has encouraged an influx of new students, particularly minority
students, adults, and students previously discouraged from continuing
education because of academic weaknesses, resulting in a need for advising
flexibility.

Second, economic considerations of students place pressure upon
institutions to provide the specific academic need of each student. The
stabilization and, in some institutions, decline in student enrollment has

greatly increased competition for students. Institutional programs must
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accommodate the financial needs of the individual student or the student
will look elsewhere. Willingham suggests four classes of treatment for
satisfaction of student academic requirements and interests in answer to the
demands raised by these trends.

The first treatment places or assigns students to various classes based
upon similar abilities or personal characteristics such as similar test scores.
The educational techniques may vary among the classes but the subject
matter and end objectives should be the same.

A second treatment places students into an instructional sequence on
the basis of their current knowledge of the subject. As with the first treatment
(assignment), the knowledge of the subject matter and the end objectives are
the same for each student, but the student does not invest time in material
previously mastered. For example, it is possible that an incoming student
might already possess the skills usually developed in the first term of a music
theory course. If an accurate assessment of the student's current knowledge
were possible, the student could be placed into a subsequent term of music
theory.

The third treatment possibility suggested by Willingham, selection,
groups students with different ability levels into various instructional
programs with different educational content and end objectives. This
method is most frequently observed in the offering of advanced classes
designed to exceed the usual course content demands and to motivate the
student to progress past the normal end objectives for that particular class.
An opposite result is possible when students are selected for placement in
remedial classes. Students required to take remedial classes might only

receive a portion of the material included in the standard class.
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Exemption, the last of Willingham's four treatments, excuses students
who demonstrate substantial proficiency in a given subject area completing
course requirements that emphasize the area of proficiency. Different
academic programs apply exemptions differently and several workable
strategies are available. The student may or may not receive credit for the
exempted classwork, or may have to take another course in place of the
exempted class or classes.

Each of the previously discussed treatments has many valid
applications. Some applications might necessitate the implementation of
more than one treatment. Willingham suggested five methods of testing
student abilities to determine proper treatment; proficiency testing, diagnostic
testing, evaluation of personal characteristics, aptitude testing, and evaluation
of grades. All five methods of evaluation described below were reviewed for
this study and diagnostic testing was selected as the most appropriate for
achieving the stated goals.

Proficiency testing measures competency in a given course or group of
courses. This type of measure may assess factual knowledge, problem solving
abilities, or ability to make practical applications as an indication of the extent
of the student's knowledge in the tested subject area. The test must only
include material taught in the course or courses falling within the scope of
the test. Proficiency tests are most useful with placement or exemption
treatments.

Diagnostic testing is, in many respects, similar to proficiency testing,
but the former provides a more detailed evaluation of what the student
knows and what the student does not know. Diagnostic tests are most

beneficial when they provide part-scores which allow the test administrator
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to make accurate assessments of current accomplishments which in turn
provide the required information for proper placement of the student.

Evaluation of personal characteristics is a helpful tool when used with
selection or assignment treatments although it has no usefulness in the
present study. Personal characteristics can include almost any trait not
connected to abilities or achievements such as background characteristics,
interests, cognitive styles, and attitudes. For example, students might be
placed in a participatory class because they have demonstrated greater
material retention when allowed to physically interact with items related to
the lesson. Evaluation of personal characteristics and interests is perhaps the
least useful testing method because it is difficult to produce adequate testing
tools. This method is also open to criticism in the area of objective decisions
concerning student placement.

Aptitude testing is also helpful as an assessment measure. Aptitudes
usually include any cognitive abilities not readily improved through short-
term learning. Selection treatment decisions are enhanced by assessment of
aptitudes related to general scholastic performance while assignment
treatment decisions are enhanced by the assessment of specialized aptitudes.

Finally, a student's high school record offers another assessment tool.
Generally, a student's grades provide information on academic performance
across a wide range of subject areas including the chosen undergraduate field.
The high school record is difficult to interpret, however, because of the lack of
standardization. Variance in grading scales, teacher standards, and even the
level of academic competition can greatly influence grades and make an
evaluation of true accomplishment very difficult.

The previous discussion has examined the need for flexibility in

academic guidance because of economic considerations and the influx of new
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students; the use of assignment, placement, selection, and exemption as
suggested treatments which allow for greater flexibility; and the methods of
assessment useful in gathering information necessary for correct assignment
of treatment types. Attention now turns to the application of this
information to the present research study.

Need for the Study

The lack of musically specific and/or standardized academic
information available for freshmen students makes the task of advising
freshmen music students difficult. On the one hand, college advisors have
access to college entrance examinations such as the Scholastic Aptitude Test
(SAT) or American College Test (ACT). These standardized tests allow the
advisor to make generalized inferences about the advisee's abilities but
usually have limited application to specific evaluation of the enrolling
student's achievements or aptitudes in his or her major area. Neither the
SAT nor the ACT contain sections devoted to musical concepts. The
exclusion of such material is not a defect but only a limitation since these
standardized tests are designed to provide general information not to
evaluate most specific content areas. The general information gathered by
these tests is an inadequate basis for advising in music.

College and university advisors may use a student's grades along with
scores from standardized tests to make advising choices, but, as the
introductory discussion noted, a student's grades are an ambiguous
measurement tool at best. Standardized test scores and grades must have
additional support from musically specific indicators. Academic advisors
need the information produced as the result of development and
administration of diagnostic tools specifically designed to enhance more

generalized academic indicators. The lack of standardized measurement tools
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in the area of music placement and advising at the college level was the main
impetus for this study.

The development of a measurement tool specifically for use at
Michigan State University could expand the knowledge available to academic
advisors at that institution. Designing a test for a specific locale is not without
trade-offs. Willingham suggests that "a principal advantage of the local test is
the fact that it can be designed for the purpose in mind; the main
disadvantage is the fact that the technical quality of locally constructed tests
varies a great deal" (p. 27). This study began the process of test development
which could eventually culminate in the completion of a useable
measurement tool for academic advisors of freshmen music majors at all
institutions with content similar to that covered in the theory sequence at
Michigan State University. More information on the other applications of
the study results is included in the limitations section and the conclusion
section. One might raise the objection that there are a number of diagnostic
tests for music theory already available. This study stands in contrast to
previous test development studies because it is entirely administered and
scored by computer.

Numerous articles have been written which describe computer
applications in the roles of teacher, drill instructor, test administrator, and
evaluator. The expanding number of computer uses in educational areas
may provide the solution to one of the tedious aspects of diagnostic
measurement, test administration. Prior to the widespread use of computers,
test administration required an added expenditure of time and energy by the
instructor or added monetary expense to hire someone to supervise the test.
Inadequate testing resulted as instructors or departments became unable to

provide the necessary time or money.
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A secondary goal of this study was to demonstrate the desirability and
feasibility of incorporating the available technology in computers into the
administration of a diagnostic test and the subsequent statistical analysis of
the test results. The use of computers in the administration of a diagnostic
test frees the advisor of extra time expenditures by automating information
gathering.

Problem Statement

The problem of this study was to complete the initial stages of
designing a music theory test capable of diagnosing the current knowledge of
incoming college freshmen at Michigan State University and of predicting
whether these students would successfully complete the required freshman
theory courses. Several subproblems were addressed as the study was carried
out.

First, the expectations theory professors placed upon freshmen students
entering music study at Michigan State University were defined. Once
identified, the chosen content areas were attached to specific behavioral
objectives that reflected the expectations of the theory professors. Next, the
behavioral objectives were illustrated with test items designed to elicit a
correct behavioral response. The test items were then administered to a
population sample with the goal of generalizing the results to other samples
taken from the same population, incoming freshmen music students.
Finally, the results were validated through a test-retest design and
correlations were performed to check for reliability.

Definition of Terms
Achievement test - refers to a test designed to evaluate the current

levels of knowledge and understanding of a particular content area.
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Achievement tests are frequently used at all age levels as an indicator of
readiness for promotion.

Aptitude test - refers to a test designed to evaluate the potential abilities
of an individual to perform certain skills. Elementary school evaluation of
musical aptitudes for playing band instruments is an excellent example.

Buttons - refers to designated points on the Macintosh screen which,
when clicked with the mouse, moved the student to the next test item,
recorded the student’s answer to the current test item, or played a digitized
sound.

Card - refers to one computer screen of information in the HyperCard
development system. A card is very similar to a frame in traditional
programmed instruction. Each card contained one test item and from two to
four multiple-choice answers. The student was required to select the correct
answer by clicking the mouse button.

Computer Lab - refers to the Music Computer Lab established in Room
319 of the Music Practice Building on the campus of Michigan State
University. At the time of test administration the lab contained four
Macintosh computers, two Apple I GS computers, one IBM computer, and
various electronic keyboards.

Diagnostic test - refers to a test which evaluates the current
achievement in the content area being tested. Diagnostic testing also implies
the discovery of weaknesses or deficiencies in concepts necessary for
completion of the test.

Digitized sound - refers to the capturing of actual musical sounds onto
a computer disk. The process was accomplished with the MacRecorder from
Farallon Computing, Inc. The MacRecorder hardware and software allow the

user to record sounds through a microphone connected to the computer. The
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actual sound was recorded on the computer disk and was played back through
the internal speaker of the Macintosh computer. In the present study,
digitized sounds were used to present aural examples for the students to
evaluate.

Graphics - refers to any non-text items used in the computer
presentation of the theory test. Graphics are an integral part of the HyperCard
development system. This made possible the inclusion of small musical
excerpts and other non-text enhancements.

Hardware - refers to all computer equipment but does not include the
programs which run on the computer.

HyperCard - refers to the software used to create the computer version
of the test. HyperCard allowed the presentation of each test item in a format
similar to frames in a programmed text. It also provided a full complement of
graphic design tools and accepted the inclusion of both sound and animation.

Macintosh - refers to the Apple computer used to administer the test.
The Macintosh Plus and the Macintosh SE were used. The systems included
the central processing unit, a black and white 9” monitor, a mouse, a
keyboard, one or two floppy disk drives, a 20 megabyte hard disk, and an
ImageWriter II printer.

Mouse - refers to a Macintosh computer input device. The user
controlled the screen cursor by moving the mouse . Clicking the mouse
button when the cursor was located in various parts of the monitor sent
commands to the computer for processing.

Predictive test - refers to a test designed to indicate what may happen in
the future. When a predictive test is valid it has been demonstrated that
certain scores on the predictive test have a positive correlation with

achievement in some criterion variable. In other words, a high score on the
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predictive test indicates the likelihood of a high score on the criterion
variable. The present study involved the development of a predictive test and
an evaluation of the test’s correlation with the criterion variables which were
taken from various grades of freshman students in freshmen music theory.

Software - refers to the programs and files which tell computers what
to do. For example, a word processing program is software.

Limitations

Several limitations were placed upon the development and
administration of the test. Perhaps most important was the limitation on test
content. Since expectations may vary greatly from school to school, the
content of this test was developed in the context of music theory instruction
at Michigan State University. The freshman music theory sequence at
Michigan State University was quite traditional. Freshman students met
three times each week for lectures covering musical concepts including key
signatures, intervals, construction of major scales and the three forms of
minor scales, triads, chord inversions, and modulations. There was
essentially no introduction of 20th century theory methods such as those
espoused by proponents of Schenker analysis or jazz studies. The students
also met two days each week in a smaller aural skills lab. Here the students
developed skills including a variety of exercises in sight singing, rhythmic
dictation, melodic dictation, interval dictation, and chord dictation.

A second limitation involved the subjects used in the study. The study
was limited to freshmen music theory students enrolling at Michigan State
University during the Fall term of 1988. The assumption was that the
students enrolling in the Fall term of 1988 would also enroll for the second
and third term of the freshmen theory course and that these students would

be comparable to future students at Michigan State University.
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A limitation was also placed upon the subsequent revision of the test.
While the test may profit from revision based upon results of this trial,
revision of the test was not done as part of this study. This limitation is
because of the fact that new subjects are only available once each academic
year. An inherent problem with this limitation is the small size of the
available sample and the great impact upon the study of students dropping
out of the course.

Finally, the duration of the test was limited to 50 minutes. This was
done to prevent undue boredom or loss of attention in the students. On the
other hand, this time period allowgd adequate time for a broad range of music

theory topics.
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CHAPTER 2 - REVIEW OF LITERATURE

A review of the literature relevant to this project encompasses five
areas: (a) the usefulness of prediction, (b) the development or validation of
tests useful in the prediction of some criterion variable, (c) the identification
of predictive variables, (d) the use of computers in testing, and (e) the
construction of a predictive musical test.

The Usefulness of Prediction

It is often difficult to distinguish between aptitude tests and
achievement tests when reviewing the literature written about predictive
testing. Typically, aptitude tests are designed to measure the “innate capacity
for musical learning, even though no such learning may actually have taken
place.” Achievement tests, on the-other hand, are “designed to measure how
much a student has accomplished in music or in a particular phase of music”
(Lehman, p. 8, 1968). Confusion arises when tests are used as predictive tools
for making academic decisions or guidance suggestions. Does a predictive test
measure what the student already knows thereby placing it in the realm of
achievement tests or does it measure the student’s capacity for learning which
places it in the realm of aptitude tests? Very likely, various predictive tests
evaluate both achievement and aptitude.

Lehman continued his discussion by outlining nine reasons for
interest in musical testing: |

1. Identification of talent. Tests provide early detection of talent which

might go unrecognized.




inforT

untal

in sel

appre

stude

instr

not ¢

base

stud

stud

exce

dist

Tnus

tha

ny

ne;

in



14

2. Adaptation for individual differences. Tests give teachers the
formation necessary to set challenging but attainable goals for the musically
italented.

3. Educational guidance. Tests give the instructor information useful
 selection of the the proper musical instrument or in selection of
opropriately difficult academic coursework.

4. Vocational guidance. Tests provide objective information for the
tudent considering a musical career.

5. Discovery of learning difficulties. Test results may allow the
nstructor to detect and diagnose weaknesses. Even if these weaknesses are
not correctable, the realization of their presence provides a better knowledge
base for academic guidance.

6. Ability grouping. Tests may help the teacher place individual

students with others of similar ability.

7. Assignment of instruments. Test results can be used to assign
students to school-owned instruments when the number of applicants
exceeds the number of instruments.

8. Studies of musical talent. Tests may reveal the extent and
distribution of musical talent and the magnitude of individual differences.
9. Psychological studies. Tests can aid in research particularly when
musical aptitude is used as a specific variable. (Lehman, 1968, p. 9)
Some of the previously listed rationales for testing are more substantial
than others, but the list provides a strong foundation for further discussion of
musical testing. Whybrew (1971) cited some practical reasons for

measurement and evaluation in music. Musical evaluation is a frequent

occurrence for teachers and students. Musicians frequently place themselves

in adjudication situations where they expect objective evaluation. Music
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teachers are constantly required to evaluate their students and diagnose
weaknesses. Evaluation is a particularly necessary skill for college instructors
in light of the responsibility placed upon them to properly advise incoming
students and, when necessary, direct them into fields other than music. Each
college or university makes its own decisions regarding any musical demands
upon incoming students and there are very few apparent barriers to student
admission designed to sift out untalented students. In another article,
Whybrew stated that “recent emphases on accountability in education . . .
have intensified the need for tools which would help music educators in
directing their efforts more effectively and in demonstrating the results of
those efforts more convincingly” (Whybrew, 1973, p. 9). One method of
identifying untalented students is predictive testing within the music
department itself.

Karma (1983) pointed out several pitfalls to avoid in predictive testing.
First, the factors used in prediction should reflect the aims of the school. The
goals of a particular course of study might not necessitate the selection of the
best students. Second, effective prediction can only be achieved by using
factors which actually affect success in the music study area under
consideration. Therefore, careful research is necessary to identify valid
predictors. Finally, successful prediction is the result of many predictors. For
example, a musical aptitude test given to music students may not be a
successful predictor by itself because the tested criterion, musical aptitude, will
have a much smaller variance within the preselected group of music students
than would be observed had the test been administered to college students
from various majors. Other variables which might be combined with
musical variables include intelligence, motivation, motor ability, and

personality. Karma stressed one important fact, however: any variable used
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as a predictor must be selected on the basis of (a) its stability over time, (b) its
limited trainability, and (c) its clear measurability.

In light of the problems associated with various prediction variables, it
is easy to understand the division among writers when discussing musical
testing. David Goslin of the Russell Sage Foundation stated,

Attempting to predict future performance on the basis of

test scores is much like trying to guess the ultimate size and

shape of an oak tree by measuring a sapling in pitch darkness

with a rubber band for a ruler, without taking into account the

conditions of the soil, the amount of rainfall, or the woodsman’s

axe. The amazing thing is that sometimes we get the right

answer. (Lehman, 1969, p. 19)

Mr. Gorlin has made a humorous point which holds true with music
testing. The non-exact nature of some testing methods does not necessitate
the discontinuance of testing, however. Rather, it requires new thinking
about the goals of testing and the methods which produce the most useful
results. Throughout history the perfection of adequate tools, whether for the
carpenter or the researcher, has taken time and practice but has been
accomplished in many areas.

Development or Validation of Tests as Predictors

This portion of the review of literature examines research focused
upon the development of predictive tests and the validation and use of
previously developed tests as predictors. The research described here includes
tests developed for the specific purpose of prediction. The tests themselves
are the predictive variable. A later section of the review examines research

devoted to the identification of specific predictor variables other than a test.
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One of the most prominent individuals in musical test construction is
win Gordon. His Musical Aptitude Profile (Gordon, 1965) has been widely

ed with students of all ages. Gordon suggested five ways the test scores may
> used:

1. To encourage musically talented students to participate in music
erformance organizations.

2. To adapt music instruction to meet the individual needs and
bilities of students.

3. To formulate educational plans in music.

4. To evaluate the musical aptitude of groups of students.

5. To provide parents with objective information.

Gordon designed the test for younger school children and he was
interested more in discerning aptitude than predicting success. Later studies,
however, evaluated both the age of the individuals tested and the prediction
value of the test . .

Two studies examined the use of the Musical Aptitude Profile (MAP)
in testing college students. In a 1967 project, Robert E. Lee administered the
test to 332 college freshman music students to determine whether norms for
college students could be established. He found that the test scores were
reasonably reliable for college and university freshman music students and
that reliable norms could be established. The study, based on Lee’s doctoral
dissertation, concluded that the scores of college and university freshman

music students on the MAP were beneficial as one of many criteria used in
student evaluation.

Lee’s study and documentation of his research provide norms that are
very useful to college educators particularly in light of a replicative study by

Edwin Gordon in the same year (Gordon, 1967). Gordon’s study involved
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ministration of the MAP to freshmen at Rochester, Minnesota and
ncolnwood, Illinois. No information is provided concerning the number
subjects tested. Much of Gordon’s article is a restatement of the
formation Lee presented in his dissertation. Gordon, as the creator of the
[AP, was willing to make a stronger positive statement regarding the use of
is test for college students. He said, “The Musical Aptitude Profile can and
hould be used as an educational diagnostic tool for the implementation of an
idequate curriculum for college and university music students, and only to a
very minor extent, if at all, should the battery be used as a ‘talent’ test”
(Gordon, 1967, p. 40).

The previously mentioned studies dealt with the MAP and college
music students. In a 1972 article, William T. Young expanded the research to
include college and university nonmusic majors. His goal was similar to
Lee’s, that is, he wanted to establish norms for this particular target group. In
his testing of 205 university students with little or no previous musical
training, he discovered that nonmusic majors of the southern United States
have musical aptitude “somewhat greater than that of high school students
in general and lesser than that of midwestern college music majors” (Young,

1972, p. 390). Young's reference to midwestern college music majors was
apparently a reflection upon the previously cited study by Lee. Young
concluded that different norms must be established for music students and
nonmusic students and that the MAP was a useful tool for diagnosing
student strengths or weaknesses.
Finally, a study involving the MAP test was conducted by Schleuter
(1974). He compared the Aliferis Music Achievement Test, first introduced in
1947 by James Aliferis, and two tests created by Edwin Gordon; the Iowa Tests

of Music Literacy, Levels 5 and 6, and the MAP. The tests were administered
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to university freshmen music majors in an attempt to determine the
diagnostic strength of each test. James Aliferis was actively involved in test
development and his important contributions include the Aliferis Freshman
Test. Aliferis documented the construction of this test in an article
coauthored with J. E. Stecklein (1953). The two Aliferis music tests are
actually different tests with similar goals.

Schleuter acquired data for 150 subjects over a period of two years and
found that each of the three tests provided useful information about the
subjects. He concluded that the MAP test combined with an achievement test
provided the most information. The choice of achievement tests is variable
since each school has different objectives.

One early research study is especially interesting. It is actually two
studies, one focused on the prediction of success in college music and the
other focused on the prediction of success in the professional arena (Taylor,
1941). In the first study, Taylor evaluated the prediction strength of four

‘ batteries of music tests and one intelligence test upon college success. She

‘ defined college success as the ability to succeed in dictation, sight singing,
harmony, and music history. The second study examined the predictive
strength of the same four batteries of music tests upon success in the music
profession. Using some of the same subjects tested in the first study, Taylor
applied predetermined criteria to each subject to determine professional
success. She concluded that none of the music test batteries have sufficient
predictive power to be used by themselves in student guidance. According to
Taylor, the student who is successful in dictation and sight singing is most
likely to succeed professionally. A final conclusion stated that the
evaluations by a student’s instructors are very reliable indices of the student's

subsequent success in professional music. Although many of the more
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recently developed tests were not available when Taylor did her research, this
study provides insight into the predictive strength of the tests used. A
researcher could produce an interesting study by replicating Taylor’s research
using the modern music tests currently available.

There was a marked increase in research of music testing in the late
1960s and early 1970s. Several studies deserve mention here since they
pertain to predictive testing. Hufstader (1974) undertook the identification of
variables useful as predictors of success in beginning instrumental music. He
found that musical aptitude, academic achievement, intelligence, and
psychomotor skills all contributed to the prediction of success. In another
study, the opposite conclusion was reached (Gordon, 1968). That is,
intelligence and achievement tests do not enhance the predictive power of
aptitude tests. The strength of Gordon's conclusion was weakened by the
small number of subjects and the author's admission that the findings were
tentative.

Gordon continues to be active in testing, especially with children. In
1984 and 1986, Gordon completed longitudinal studies of his auditory
discrimination and timbre preference tests. These studies in predictive
validity are of general interest.

In the area of college testing, two important studies were completed in
1970. In an examination of test content, Whellams (1970) found that aptitude
test batteries should include non-musical tests as well as aural-musical tests.
This inclusion increases the predictive strength of the aptitude test. He points
out, on the other hand, that the types of non-musical tests included vary
according to the social and educational background of the subjects.

In a study with specific impact on the research reported in this

document, Ernest (1970) found that the best single predictor of college grade
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point (r=.43) and music grade point (r=.44) was high school rank. The
addition of nonmusical aptitude and achievement tests did not significantly
enhance the predictive ability of high school rank used alone.

In a 1983 study, Arenson sought to validate the music portions of the
Ohio State University Entrance Battery as a predictor of success in the two
remedial courses offered at the University of Delaware. His findings
indicated that the OSU theory combined score was a good predictor of grades
in the remedial course emphasizing cognitive knowledge. The OSU ear-
training combined score was a good predictor of grades in the remedial course
emphasizing ear-training and listening. This study is very pertinent to the
present research study since it involves the prediction of academic success of
freshmen students in theory.

Schmitz (1956) investigated the prognostic value of the revised
Seashore tests and the Kwalwasser-Ruch Test of Musical Accomplishment.
After testing 582 students who were administered various combinations of
the two tests, Schmitz found that grades below the mean were predicted with
much more accuracy than grades above the mean. The B form of the
Seashore tests appeared to be the strongest single predictor while the
Kwalwasser-Ruch Test was not a strong predictor.

Ball completed a study involving the construction of a college entrance
test in music in 1964. He constructed a battery of thirteen musical ability tests
to measure rhythmic, melodic, and harmonic abilities as well as interval
discrimination, chordal analysis, and memory. His research indicated the
sections involving memory, interval discrimination, and discrimination of
single music elements were the best predictors.

A study by Perry (1965) examined the predictive proficiency of selective

tests in music theory administered individually and in groups. His goal was
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to determine which tests were good predictors of performance in college
music theory courses. Tests that provided a significant level of predictive
strength could be used in guiding, counseling, placing, selecting, or grouping
students. The predictor tests were administered prior to the start of classes.
Proficiency tests were given after the first semester of theory was completed.
After administering the test to 91 freshmen students, Perry found that seven
of the tests under investigation were significant predictors with correlations
greater than r=.60.
The Identification of Predictive Variables

A number of research studies have sought to identify variables useful
in prediction of academic success in various musical areas. Many variables
have been examined as predictors. One of the problems with this type of
research is that the variables useful in prediction of success may vary greatly
from place to place. This is typically the result of non-standardization of
requirements. Concepts which receive great attention at one location may
receive less emphasis at another. Therefore, any test emphasizing certain
concepts is likely to be more useful in one school than in another.

One of the most important prediction variables identified thus far is
school grade point average. A weaker form of this variable is found in a
student’s class rank. Several studies (Horst, 1959; Turrentine, 1965; Ernest,
1970; Chadwick, 1976; Hedden, 1982) found that grade point average or class
rank were significant predictor variables. Each of these studies, with the
exception of Hedden, focused upon college level testing.

Another strong predictor variable, intelligence, is usually measured
with a standardized intelligence test. Neely (1965) found a positive
correlation between intelligence and notational ability in ear-training. A

1973 study showed that musicality and intelligence could function as
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predictors of choral achievement (Helwig & Thomas, 1973). Another study
placed intelligence in a long list of variables which included aptitude tests,
musical training, personality, age, sex, race, home environment, and various
combinations (Webber, 1976). Each of these studies found intelligence to be a
viable prediction variable.

Reynold Krueger did rather extensive research into the variable of
personality as a predictor of teaching success. In two studies (1972 &1976),
Krueger found that personality and motivation were very powerful
predictors of teacher success. The power of these variables, however, is a
factor of the measurement instrument used to gather data and the control of
other variables. Motivational variables have also been studied from the
perspective of success at high school band directing (Caimi, 1984) and from
the perspective of college ensemble participants (Mountford, 1982). Caimi
suggested that insufficient numbers of motivational variables exist in band
directing tasks to warrant prediction of success. Mountford examined
whether there are variables useful in predicting college band participation.
He found that variables such as extracurricular use of instrument in high
school and nonselection of rock as a favorite style were significant predictors
of participation.

Two studies do not fit neatly into a variable category since they
examine unusual predictor variables. One study (Humphreys, 1986) found
that strong ability to echo-play a melodic segment indicated success at
harmonic audiation and performance. Humphreys suggested that training in
echo-playing may enhance a student’s ability to play implied harmonic
accompaniments.

In a 1981 study, Brand and Burnsed researched whether the number of

instruments played, ensemble experience, GPA in music theory, GPA in
play! pe
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sightsinging and ear training, or years of private instrumental instruction
could function as predictors of error detection ability. Unfortunately, none of
the examined variables proved to be effective predictors which may indicate
that error detection skill is not developed in the same fashion as other
instrumental music abilities or it may indicate that the measurement
instrument was not sufficiently reliable to demonstrate a correlation.

One important study (Young, 1969) combined the Gordon aptitude test
with intelligence and academic achievement tests to predict musical
attainment. Young found that the MAP and either an achievement test or
intelligence test were the best predictors of success in performance and
listening areas of music. Conversely, success in the academic areas of music
was best predicted by an intelligence test. Overall achievement in music was
best predicted by the thrée types of tests (aptitude, intelligence, achievement)
used as a group.

A 1982 study by Chevallard used 77 undergraduate and graduate
students in applied voice, woodwind, and brasswind instruction in an
attempt to determine whether pitch memory, pitch discrimination ability,
pitch adjustment ability, or pitch steadiness ability could be used as predictors
of intonational performance. However, all research studies do not produce
the hypothesized conclusion and Chevallard found that none of the variables
could significantly strengthen the prediction of intonational performance.

Several conclusions are drawn from the research cited above. First,
there is a continuing interest in musical testing. Researchers are desirous of
measuring the characteristics which mold musical ability. The studies cited
also document the interest of researchers in predicting which students will
succeed. This interest spreads across all age groups. Finally, motivated by an

interest in predicting student success, researchers have tested a broad range of
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musical variables to identify those which function as strong predictors. It is
this same motivation which propels the study reported in this document.
The Use of Computers in Testing

The parameters of this section of the review must be defined at the
outset. In the past fifteen years a large body of articles has appeared on the
topic of computer-assisted instruction, computer-assisted learning, and the
uses of computers in education. For the most part, this body of research falls
outside the scope of this review. The literature included in this section
includes studies directed toward examination of computer uses in testing.
This specific area is still in its infancy and is especially undeveloped in music.
Much of the research in this field is aimed toward school guidance counselors
who use the computer as a tool to direct students in academic and career
choices. This has bearing upon the present research since it is hoped that the
conception of a theory test will lead to the development of an academic
counseling tool.

In a study on computers in counseling, Eberly and Cech (1986) pointed
out that “computer technology permits presentation of more precise
information without oversight or observer bias at a greater speed than could
be provided by a counselor” (p. 18). They go on to state that computer usage
simplifies the collection of data and increases the privacy of the individual
inputting the data but these advantages are not without negative aspects.
Some individuals may view the computer as an inadequate replacement for a
human teacher. Thus, they are less likely to cooperate with attempts to
implement the new technology or to see the computer as a benefit.

In the area of testing, the prime question is whether computer testing is
better or worse than standard pencil and paper testing. A study, using 72

college students sought to answer this question (Fletcher & Collins, 1986).
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The study found that the mean scores of students taking a computer version
of a test were roughly equivalent to the scores of students taking paper and
pencil tests. The study also demonstrated that most students preferred the
computer version of a test over paper and pencil test versions for the
following reasons:

1. Computers can provide immediate scoring.

2. Computers can provide immediate feedback on incorrect answers.

3. Computers are more convenient, straight forward and easy to use.

4. Computer tests are completed more quickly than written tests.

The students also identified some disadvantages to computer testing.
They inclu.ded:

1. Inability to review all responses.

2. Inability to make changes to responses.

3. Inability to skip questions and return to them later.

All these disadvantages were a product of the test used in the research
study in which these students participated and were design considerations
determined by the test developer. Current technology allows for the
alleviation of each of the listed disadvantages.

The results of the previously cited study appear to have support in the
professional arena as well. A recent study suggested that adolescent students
are more willing to input information into a computer since they view the
computer as less threatening than an adult (Millstein, 1987).

The development of computer testing is moving ahead at a rapid pace.
It is now possible for students to take practice forms of the Graduate Records
Examination (GRE) with microcomputers (McArthur & Choppin, 1984). Also
under development are systems which will diagnose patterns of error in

responses to multiple choice questions. One of the most recent developments
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is adaptive testing. An adaptive test varies with each response. A correct
answer to a certain question supposedly demonstrates mastery of all the
information necessary for that answer. The computer “adapts” the test so that

no other questions covering that material are asked. Elaborate systems can be

designed that remember which errors the student has made in the past and
the computer can provide constant remedial help with problems.
Sampson (1983) pointed out the potential benefits of computer testing.

As has already been stated, there is a positive response to computer testing.

The number of advantages inherent to computer testing may be responsible
for this response. A partial list of advantages gained by computer testing is

cited below. ‘

1. Computer testing has proven to be at least as cost effective as
traditional testing.

2. Adaptive testing allows for specialized attention to individual
needs.

3. The computer can generate a wealth of data along with test

‘esponses.

4. Since the computer handles many of the administrative tasks less
ne must be spent by staff persons.
5. Administration and scoring of tests is more flexible and efficient.
6. Student error rates are decreased. That is, errors such as placing
onses in the wrong number are eliminated.
These advantages were reiterated by Meier and Geiger (1986).

ever, Sampson lists some problems along with the advantages.

ledgeable persons can tamper with records making security an

ant issue. Some individuals have a fear of using computers and this

ght be reflected in their performance. Although these are very real
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problems, they are surmountable and do not necessarily diminish the
advantages of computer testing. One must accept trade-offs of advantages and
disadvantages with any form of testing.

Turner (1987) added another advantage to those listed by Sampson.

The computer allows the test administrator to create large banks of test items.
Tests can then be generated from these banks of items. If sufficient analysis of
the test items is completed, it is possible to generate a different test for each
student while maintaining equivalent item difficulty.
Bejar (1984) agreed with the stated advantages of computer testing. In

fact, he went one step further and pointed out that in some instances a
computer test is preferable to the traditional method. Some variables which
decrease precision of score assessment cannot be controlled in a paper and
pencil test. Typical scoring of paper and pencil tests focuses on variance
within correct responses. Computer scoring allows analysis of variance
within incorrect responses as well as variance within correct responses.
Computer scoring also provides complete error control during scoring and
the computer can generate information which is not readily available with
raditional methods of scoring.

Two important studies of computer testing in music have been
rformed. In 1972 Radocy evaluated the viability of using computers for
erion-referenced testing of nonperformance music behaviors. The
aviors examined by Radocy included dictation, interval recognition, and
* classification. Radocy developed a test based on behavioral objectives to
ure competency in the stated objectives. The test was administered to 32
nts by the computer and 28 students by conventional methods. Radocy’s
2s have tremendous impact upon the present study.
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1. Present skills (in 1972), techniques, and equipment are adequate for
the construction of a workable computerized criterion-referenced test of
certain nonperformance musical behaviors.

2. Rank order of items, in terms of item difficulty, is critical to the
success of an incremental programing strategy wherein assumptions are to be
made regarding responses to nonadministered items.

3. The computerized criterion-referenced test of certain
nonperformance musical behaviors is not at present equivalent to a
conventional paper-and-pencil version of the test. (The more recent studies
cited above may refute this finding.)

Music preference has also been the object of computerization. Gregory
and Sims (1987) developed a computer program to present nine four-voice
music transcriptions to the subject in random order. The computer allowed
the subject to change the music selection at any time by pressing a key on the
keyboard. The computer then recorded the elapsed listening time for each
subject. In a second study with the same hardware and software the computer
also recorded the subject's like or dislike of each music selection when the
subject touched the appropriate box on the screen. This study is of special

_ interest since it demonstrates the use of computers as unattended test
administrators and scorers.
Construction of a Predictive Musical Test

Wedman and Stefanich (1984) stated that computer based assessment
tools should test concepts, principles, and procedures as well as facts. Ina
typical learning sequence the student begins by committing a particular set of
facts to memory. Second, the student learns to restate and interpret the
known facts. Finally, the student is able to apply and use the facts to solve

new problems created through various situations. It follows, then, that the
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assessment tools must incorporate items which will encourage the student to
respond at higher levels than recitation of facts. Wedman and Stefanich
suggest that successful computer assessment requires the following:

1. Determine the type or types of content to be included in the
evaluation.

2. For conceptual content, test items should have the learner select
examples from non-examples for each of the concepts included.

3. For principle content, test items should have the learner apply the
principles in ways consistent with how the principle will be applied outside

the learning situation.

4. For procedural content, test items should require the learner to
perform the procedure under conditions similar to those in which the
procedure will be performed away from the learning situation. (p. 27-28).

All of these guidelines will not apply to the present study but they are a
tremendous help in channeling development ideas. Other documents by
Markle (1969) and Bloom and Peters (1961) presented helpful information on
test design.

One of the desired outcomes of the proposed study is the ability to
predict success in music theory of incoming college students. The test itself,
however, will be a diagnostic, criterion-referenced test. Willingham (1974)
stated that criterion-referenced tests “should provide diagnostic information
that is especially relevant to placing students and monitoring their progress”
(p. 64).

Colwell (1970) suggested several characteristics which are important to
the development process. He makes the suggestions as guidelines for
selecting an appropriate test. However, they are necessary considerations in

test development. Factors to evaluate are time, difficulties in administration,
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cost versus value received, and difficulties in scoring. Once these factors are
assessed, one of the most important areas of test development is the
evaluation of validity. Validity evaluates whether the test measures the
desired variables. Colwell labels this the most important consideration when
selecting a test. Many other writers stress the need for strong validity as well
(Gronlund, 1965; Berk, 1980; Swezey, 1981; Karma, 1982).

Several types of validity are often imposed upon prediction tests
including content validity, criterion-related validity, and construct validity.
Content validity and criterion-related validity are perhaps the most
important measures for this study. Content validity is an assessment of the
ability of the test items to evaluate the given content areas. Often, as in the
present study, content validity is determined by a panel of experts. Criterion-
related validity is important since it analyzes whether the scores on the test
under construction correlate positively with another criterion. Sometimes

‘ the test becomes its own criterion measure which leads to the discussion of
reliability.

Reliability is a major concern in prediction testing. Reliability is the
assessment of the internal consistency of the test or the stability of test scores.
In other words, if a student scores high on one set of items, they should also
score high on an equivalent set of items. Internal consistency can be
measured a number of ways with the odd-even formula and the test-retest
method being the most popular. The odd-even formula divides the test into
two subtests. One subtest includes the even items while the other subtest
includes the odd items. The two scores obtained from the subtests can be
correlated to determine the strength of internal consistency. The test-retest
method is similar except that the entire test provides both scores. The student

takes the test one time and then retakes the test after a predetermined period
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of time has elapsed. The time period is long enough to allow the student to
forget test content but short enough to discourage large increases in
knowledge. In a sense it is the reliability of a test that determines that test's
predictive strength. With the exception of Karma, the authors listed in the
previous paragraph all stress the importance of test reliability.

Perhaps the most important musical source on test construction is the
a book by Boyle and Radocy (1987). This text is an exceptionally
comprehensive source with specific relativity to music measurement and
evaluation. Boyle and Radocy took particular care to discuss the reasons
supporting measurement of music experiences, the difficulties associated
with testing, the steps necessary for proper test construction, various test
formats available for evaluating specific musical experiences, and the
statistical analyses which are most useful in evaluating the gathered data.
Conclusion

The cited literature demonstrates the usefulness c;f testing, the interest
in music testing, the variables tested in the past, and the viability of the
computer as a tool for test administration. The need for reliable diagnostic
tools in the area of music is great. The development of such a test could be

helpful to college instructors as well as students.
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CHAPTER 3 - DEVELOPMENT OF THE TEST

The development of any test includes a number of steps designed to
facilitate the creation of a useful measurement tool. Several references for
test construction are located in the review of literature included with this
document. The following discussion outlines the procedural steps taken to
create the theory test used in this research study. The procedures for test
administration are presented in Chapter 4.

The first step taken in the creation of this test was the development of
content areas with the instructor of the first-year theory sequence at Michigan
State University. The inclusion and sequencing of material in many
educational settings are determined by the assumptions and expectations of
the instructor. The course content of the first-year theory sequence at
Michigan State University is based upon the assumption and expectation that
students enrolled in the class have already achieved a certain level of musical
knowledge. A student could, through pre-enrollment testing, demonstrate
the extent of achievement of the expected musical concepts. The generated
test score could provide an indicator of the student's probability of
successfully completing the first-year theory sequence. This is the premise for
the current study.

The first goal was to determine the musical content areas the student
was expected to know upon enrolling in the first-year theory sequence. The
development of test item content areas was started through a personal
interview with the first-year theory instructor. The instructor was asked to

list the specific musical knowledge he expected each student to have

33
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mastered prior to taking the course. A face-to-face discussion was chosen as
the most suitable means of gathering this data since it allowed me the
opportunity to ask questions so that the instructor and I were in agreement as
to the meaning of each content area listed.

In the past, the theory area at Michigan State University used Paul
Harder's Basic Materials in Music Theory (1986) as a remedial text for students
who performed poorly in the freshman theory sequence. This text was
chosen because it was written to guide students through basic music theory in
preparation for extended study in Harder's larger work, Harmonic Materials
in Tonal Music : A Programed Course (1985) which is used as the text for the
first-year theory sequence. The utilization of Basic Materials in Music Theory
indicates that it addresses many of the content areas expected of students
enrolling in the first-year theory sequence. Based on this assumption,
additional content areas were selected from the Basic Materials in Music
Theory text to supplement the list already compiled by the instructor. The
final list of content areas was then approved by the instructor.

The next goal after compilation of relevant content areas was the
formulation and clarification of one or more behavioral objectives which
reflected each content area. Two references were helpful in this process.
Gronlund's (1985) brief but specific text on developing objectives was valuable
as a general reference. Boyle's (1974) book was more applicable to this study
since it dealt specifically with developing test objectives in music applications.

A panel of theory experts was selected at this point in the study. The
purpose of this panel was to (a) evaluate the appropriateness of the
behavioral objectives, (b) suggest possible revisions to the behavioral
objectives, (c) suggest appropriate proportions for the test to sample from each

content area, (d) evaluate whether test items properly test the behavioral
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objectives, and e) suggest possible revisions to test items. The panel was
important in establishing the content validity of the test at all stages of
development. The researcher retained control of all final decisions
concerning design revisions to the test.

The panel of experts consisted of Dr. Theodore Johnson, Dr. Charles
Ruggiero, and Dr. Corliss R. Arnold. Each of the individuals on the panel has
had numerous and varied experiences in the field of music theory.

Dr. Theodore Johnson, Professor and former Chair of Music Theory at
Michigan State University, earned a doctorate from the University of
Michigan, where he was awarded the Stanley Medal and a Rackham
Fellov»./ship. A U. S. Army veteran (Korea) and Fulbright Scholar (Munich),
he has taught at the University of Kansas, has served as Concertmaster of the
Lansing and Grand Rapids Symphony Orchestras as well as Principal Violist
of the Lansing Symphony Orchestra, and has performed widely as a violin
and viola soloist and chamber musican. Dr. Johnson—who is a subject of
biographical record in several editions of Who's Who in America--has also
lectured at various universities and authored two books, published by
University Press of America (1982 & 1986).

Dr. Charles Ruggiero holds degrees from the New England
Conservatory and Michigan State University (Ph.D. in composition, 1979).
Currently, Dr. Ruggiero is a professor at Michigan State University where he
has taught music theory and composition since 1973. Dr. Ruggiero is the
founder and current co-director of Michigan State University's Computer
Music Studio and he has initiated several computer music courses at the
university. His Set Analysis Programs computer software published in 1986 is

used at universities throughout the United States. Dr. Ruggiero is a noted

composer with such pieces as Three Blues for Saxophone Quartet (1982),
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Interplay (1989), and Dances and Other Movements (1989) to his credit. In
1988, Dr. Ruggiero was appointed Chair of the Michigan State University
School of Music's Theory Area.

Dr. Corliss R. Arnold is Professor of Pipe Organ and Music Theory at
Michigan State University. In 1956-57 he held a Fulbright Fellowship for
study in France. Dr. Arnold has earned the two highest certificates awarded
by the American Guild of Organists. One of his books, Organ Literature: A
Comprehensive Survey (1984), is in its second edition. Dr. Arnold is also a
choral conductor and composer of works for organ, chorus, and instruments.
He has taught at Michigan State University since 1959.

The behavioral objectives created from the original contént areas were
submitted to the panel. The main goal of the panel review was the
evaluation of the behavioral objectives. Each panel member was given a list
of the objectives and asked to approve, modify, or reject each objective. At
the conclusion of the panel review, all objectives were approved, either in
their original form or with revisions. All revisions suggested by the panel
were incorporated in a modified list of objectives with special care taken to
maintain the behavioral nature of each objective. The final list of objectives
included seven content areas with several objectives under each content area.
Unless otherwise indicated, all stimuli were written, not aural. To respond to
aural items, the subject was asked to select a response from a set of visual
answers on the screen. The objectives for pitch notation were:

1. Identify bass and treble clefs by their signs.

2. Name notes positioned on bass and treble clefs.

3. Rewrite notes from one clef to another while maintaining pitch
level or transposing by an octave.

4. Identify half steps and whole steps in a melodic example.
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5. Recognize accidental signs including sharp, flat, natural, double-
sharp, and double-flat.

6. Select the enharmonic equivalent of a given note.

7. Recognize examples of chromatic scales.

Time notation objectives included:

1. Identify measures with correct notation based on a given meter.

2. Distinguish between examples of simple and compound meter.

3. Match a triplet with another note grouping of equal duration.

4. Identify the tempo of a specific note type (eighth notes, for example)
based upon a given metronome marking.

The area of notes and rests included the following objectives:

1. Arrange notes in order from longest duration to shortest duration or
shortest duration to longest duration.

2. Arrange rests in order from longest duration to shortest duration or
shortest duration to longest duration.

3. Identify correct or incorrect placements of note flags, beams and
stems.

4. Recognize the effect of the dot upon note and rest durations.

5. Recognize the effect of ties upon given note durations.

Interval objectives were:

1. Identify harmonic and melodic intervals from aural examples.

2. Identify compound intervals.

3. Recognize major, minor, perfect, augmented, and diminished
intervals.

4. Correctly identify the inversion of an interval.

For the scales portion of the test the objectives were:

1. Identify correct examples of major, minor, and other modal scales.
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2. Distinguish between examples of chromatic and diatonic scales.

3. Identify the series of half steps and whole steps in a major or minor
scale.

4. Recognize examples of natural, melodic, and harmonic minor
scales.

5. Recognize correct labels for each scale degree.

6. Identify major, minor, and chromatic scales from aural examples.

The sixth area, key signatures, included the following objectives:

1. Select the key indicated by a given key signature.

2. Identify the parallel and relative minor key of a given major key.

3. Identify the parallel and relative major key of a given minor key.

4. Identify through inference the key of a given melody.

Finally, objectives in the area of triads were:

1. Build a triad around a given root, third, or fifth.

2. Identify the scales which allow the building of a given triad.

3. Label first and second inversions of triads.

4. Identify major, minor, augmented, and diminished triads from
aural examples.

After reviewing the final list of objectives, the panel was asked to rank
the importance of the objectives so that a Table of Specifications could be
developed. The panel chose to rank the broad content area descriptions
assigned by the researcher rather than individual objectives. The rank order
and average percentage of importance assigned by the panel were (a) scales -
25%, (b) pitch notation - 20%, (c) notes and rests - 15%, (d) intervals - 15%, (e)
triads - 15%, (f) key signatures - 10%, and (g) time notation - 5%. To achieve
the listed percentages, the panel was first asked to rank the seven content

areas by perceived importance. All panel members ranked the items as they
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are listed above. The panel was asked to weight each content area with a
percentage rounded to the nearest factor of five. The weights were averaged
and again rounded to the nearest factor of five to achieve a symmetrical
balance of 100%. It was the view of the panel that assigning weight to each
objective would not provide a substantial increase in information due to the
small differences between some objectives. The panel also suggested that it
was important to obtain close approximations of percentages within each
category.

Using the percentages listed above as a guide, the Table of
Specifications shown in Table 1 was generated. The Table of Specifications
was used to develop a group of 90 objective test items. Some content area
percentages were modified slightly with the agreement of the panel to

produce an even distribution of questions within content areas.
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Table 1

Number of Test Items in Each Content Area of the Colman Test Divided Into

Three Types of Mastery

Learning Level

Weight Content Area  Knowledge Understanding Application

27%  Scales 10 10 4
20%  Pitch notation 7 6 5
13% Notes and rests 6 4 2
13% Intervals 5 3 4
13%  Triads 1 5 6
8%  Key signatures 6 0 1
6% Time notation 2 2 1

The three types of mastery listed in Table 1 were defined as follows.
Knowledge is the ability of an individual to recall facts or other information
which has been learned. Understanding is the ability to interpret previously
learned information. Application is the ability to take previously learned
information and apply it to some new problem or circumstance.

A decision was made to employ multiple-choice items when
developing the test. This form of test item was chosen for several reasons
based on Marshall and Hales' (1971) evaluation of various test formats.
Multiple choice items are strong in the areas of flexibility and versatility. It
was possible to formulate multiple-choice test items capable of measuring
objectives at all levels of the cognitive domain. A multiple-choice format

was also widely applicable since it was adaptable to all subject areas and grade
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levels. Coverage of a broad spectrum of instructional objectives was possible
since many test items could be answered in a normal examination period.
Finally, Marshall and Hales suggested that multiple-choice tests allow
anyone, even those unfamiliar with the course material, to rapidly,
accurately, and objectively score the test without the intrusion of any bias
created by past performance, attitudes, appearance, or other factors. This was
particularly important since the present research involved computer scoring
of test items. The computer could not make the kinds of judgement decisions
necessary for accurate scoring of essay type tests.

Marshall and Hales also included some weaknesses of multiple-choice
testing.

In order to develop good items, the writer must have a thorough
knowledge of the course content, an awareness of the methodology of
item writing, skill in the use of language, and a thorough knowledge of
the level of development of [the students involved in the test]. (p. 93)
Multiple-choice tests also fall short when the goal is the measurement

of an examinee's ability to organize materials or clearly express an
understanding of the required material in an acceptable writing style. This
second objection to multiple-choice testing did not impact the present study
since the testing of these abilities was not important to the success of the
study.

The 90 completed test items were then submitted to the panel of
experts for evaluation of content validity. The panel was asked to critique the
test items for clarity and successful measurement of the desired objective.
Each test item was listed together with the behavioral objective which
fostered it to facilitate the evaluation process. The panel suggested various

clarifications and modifications which were subsequently incorporated into
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the final version of the test (see Appendix D). The process of placing the test
into a computerized format was begun once the modification of test items
was completed.

The Apple Macintosh computer was selected as the test administration
vehicle for this project because of its ease of use. All responses to test items
were accomplished by clicking the mouse button to select the desired
response. The goal of this design was to alleviate or at least greatly lessen the
chance that fear of using a computer would adversely affect test performance.
The choice of the Macintosh computer was also influenced by the existence of
a new computer music lab in the School of Music at Michigan State
University. The installation of several Macintosh computers in this lab made
multiple administrations of the test possible, which greatly increased the
speed of data collection.

The implementation of the music theory test on the Macintosh
computer was accomplished using the HyperCard (Atkinson, 1988) program
published by Apple Computer. With HyperCard, the 90 test items were
presented in a linear fashion. Each test item was displayed individually on
the screen in the form of a "card” and the user responded by selecting an
answer with the mouse. HyperCard also allowed the use of sound,
animation, and graphics to enhance test presentation.

The creation of the test involved several programming steps. First, 90
frames were created to present the test items. Each frame included the test
item number, the test item, the box which displayed the letter of the selected
response, and up to four response choices represented by screen buttons.
Screen buttons on the Macintosh computer were visual representations on
the screen of real buttons. The user passed information to the computer by

clicking the mouse on one of the buttons, specifically, the button which
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displayed the selected response. Along with the answer buttons the frames
also contained several buttons which affected test presentation. The "Help"
button in the upper right corner of each frame enabled the examinee to call
up the instruction screens presented at the beginning of the test if any of the
test functions became unclear. The "Come Back Later" button functioned as a
marker for questions the examinee wanted to answer later. If this button was
selected, the examinee could complete the rest of the test items before the
computer automatically returned to the marked questions. The
implementation of this feature required careful test item sequencing to
prohibit the possibility that later questions might provide information to
answer previous questions. The "Arrow" button in the lower right corner
moved the examinee from one question to the next. Only a forward
progression was allowed with the exception of a return to marked questions
at the end of the test. One of two options was required before the computer
allowed the examinee to proceed to the next question. The examinee was
required to check the "Come Back Later" button or select one of the possible
responses which was then recorded in the response box. This feature
prohibited examinees from accidently or intentionally leaving test items
blank.

The development of the test frames was followed by the creation of all
visual examples used in the test items or responses, including notes, symbols,
and musical excerpts. All examples were generated with the help of the
Macintosh computer. First, the musical notation was programmed into
Professional Composer (1988), a computer music notation program.
Professional Composer generated a graphic form of the notation which was
transferred to SuperPaint (Gay, 1989), a graphics program for final editing

before placement into the desired test frame. This phase of test development
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also included the creation of instruction screens complete with animation
and sound.

Once the visual portion of the test was completed, attention turned to
the development of the aural portion. The test required aural examples of
intervals, scales, and triads. The original test design called for the capability of
playing these aural examples through a musical keyboard attached to the
computer. However, this plan was altered because the HyperCard program
did not offer ready access to transmitting the sound information and the
addition of further equipment greatly increased the possibility that
mechanical failure could adversely affect‘ test administration. Instead, all
aural examples were reproduced from actual digitized sounds stored on the
computer disk. This was accomplished with the MacRecorder (Capps, 1988)
hardware and software from Farillon Computing. The MacRecorder
hardware attached to the back of the Macintosh computer and functioned as a
recording microphone. The software portion of the package captured the
sounds coming through the microphone and translated them into a
computerized version. In this form the sounds could then be stored on a
computer disk. The process of recording sounds onto a computer disk is
called digitizing. This procedure was followed to digitize all of the aural
examples used in the theory test. The digitized sounds stored on the disk
were accessed by the theory test and played through the internal speaker of
the Macintosh computer. The sound quality of the internal Macintosh
speaker was adequate for the reproduction of the simple examples used in the
test.

The final step in the development of the computer version of the
theory test was the creation of data retrieval routines. The computer made

the collection of data somewhat easier since the computer could carry out
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activities in the background while the examinee continued the test. Simple
demographic information was gathered during the instruction phase of the
test. This information included the examinee's name and phone number,

along with information concerning participation in piano lessons, band, or

choir, and whether the examinee was a vocal or instrumental performer.

As the student completed each test item the computer placed the
student's response in the appropriate response box on the answer sheet. The
answer sheet remained hidden from the student at all times and was not
accessible by the student. At the completion of the test the computer
compared each response with the correct response, marked each inaccurate
response, placed the number correct and incorrect into the appropriate boxes
on the answer sheet, and printed the answer sheet which was collected by the
test administrator. The final task performed by the computer was the
preparation of all information and responses for exporting to a statistics
package for analysis. To summarize, the computer administered, scored,
printed results, and prepared the data for statistical analysis without requiring
any human assistance other than the input provided by the student.

Repeated trials were performed on the computer test to determine that
all aspects of the test presentation functioned properly. The test was checked
to make sure that (a) each test item was correctly presented, (b) movement
from question to question was functioning correctly including the use of the
"Come Back Later" button, (c) all answer buttons were functioning properly
and generating the associated response, and (d) record-keeping files were
updated correctly with the demographic information and test item responses.

To assess the performance of the test in actual use, it was administered
to five students of similar age and education. The five students were all

graduated seniors who were actively involved in their high school music
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programs through choir or band. While completing the test, the students
were asked to provide insights into questions they thought were unclear or
inaccurately presented. They were also asked to evaluate the ease or difficulty
of taking the test on the computer. All students responded that they enjoyed
the computer test more than they would have enjoyed taking the same test
on paper because of the accompanying animation, sound, and graphics.
Scores from this pilot test ranged from 71 out of 90 for a student with thirteen
years of piano experience to 29 out of 90 for a student who admitted his grades
in general music or band were below average.

The test was also pilot tested with one student who had already -
completed first-year music theory at the college level. This was to determine
whether the test content did indeed correspond to material expected of high
school seniors and college freshmen. The examinee scored 80 of a possible 90
which indicated that the content parameters of the test were within the

desired range.
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CHAPTER 4 - TEST ADMINISTRATION AND RESULTS

Test Administration

The administration of the theory test took place in the Music
Computer Lab at Michigan State University during registration week at the
beginning of the Fall term of 1988. Due to the possibility of curricular benefits
gained as a result of developing a valid predictive/diagnostic tool for music
theory placement, an arrangement was made with the music theory area to
require each incoming freshman to take the theory test. This arrangement
created the research sample without the necessities of consent forms or a
search for volunteer subjects.

Each freshman student received a School of Music newsletter during
the summer of 1988 which included a brief notice informing the students of
the required test along with an alphabetized schedule of times for test
administration. Students were asked to report to the computer music lab
sometime during the appointed hours of the day assigned to the first letter of
their last name.

The theory test was installed on four Macintosh computers in the
music computer lab. As the students arrived at the lab, they were assigned to
one of the four machines and given a brief statement concerning the use of
the mouse with the computer. All other instructions were administered by
the computer. After completing the ninety test items, the students were
assigned an ID number which they typed into the computer. The computer

stored the test results and sent each student's item responses and final score
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to the printer where the printed copy was collected by the test administrator.
The test results were removed from each computer and stored on floppy disks
at the end of each test day.

Two problems were encountered during the administration of the test.
First, a number of test items employed sound output from the computer. The
test design called for the use of stereo headphones plugged into the computer
by the administrator. However, a strike by the Clerical/Technical union of
Michigan State University during the administration of the test made
acquisition of the headphones impossible since the School of Music sound
technician was a member of the union. This problem did not affect the
administration of the test except for occasions when more than one student
was responding to the aural test items. When this happened, one student
simply waited until the other student finished listening.

A second problem was encountered when students did not report for
the test at their assigned times. The test schedule was designed to allow the
students to complete the test prior to the start of classes. Yet, approximately
two thirds of the freshmen students did not report to the test center before the
beginning of fall classes. Many excuses were given including forgotten
appointments, non-receipt of the test notice, and failure to realize that all
incoming freshmen were required to take the test. The untested students
were contacted through in-class announcements and follow-up and their
testing was subsequently rescheduled.

The research sample for the theory test included 59 subjects. Each
subject was given an opportunity to volunteer for a retest for use in
computing reliability statistics and twenty subjects were randomly selected.
Each of the volunteers was retested with the same test approximately one

week after the initial test.
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Demographic Characteristics of the Sample
All subjects were asked to respond to several demographic items before

they answered any test items. These items were used simply as indicators of
sample characteristics. The subjects were asked to answer "yes" or "no" to the
following: (a) "Have you taken piano lessons?", (b) "Have you performed in
a school band?", and (c) "Have you performed in a school choir?" The
subjects were also asked to indicate whether their main performance area was
vocal or instrumental. Table 2 shows the subjects’ responses to the
demographic questions.

Table 2

Student Responses to Questions of Previous Musical Experiences

Responses
Area of Experience ’ Yes No
Piano Lessons 23 36
Band Performance 46 13
Choir Performance 33 26
Instrumental Vocal

Major Performance Area 42 17
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Initially, the test scores of the 59 subjects were compiled into the
frequency distribution seen in Table A-1 (see Appendix A). The scores were
somewhat evenly distributed between the minimum of 24 and the maximum
of 85, producing a range of 61. The mean for the 59 scores was 56.75 with a
standard deviation of 11.97 while the median score was 55. The small
difference between the mean and median indicates a comparatively even
distribution. The skewness coefficient was -.074. This negative skewness
coefficient indicates that a slightly greater number of student scores fell on the
negative side of the mean. A more visual indication of the distribution of
scores was achieved by converting the test scores to z scores and plotting them

in the graph shown in Figure 1.

2 " 1 . " L L L "

< -3 2 0 1 2 3 >

Z Scale
Figure 1. Distribution of theory test scores converted into z scores.
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Test Item Difficulty and Discrimination Indices

Calculation of a frequency distribution analysis produced the difficulty
index for each test item. The difficulty index was determined by calculating
the percentage of subjects responding correctly to each item. Table B-1 (see
Appendix B) displays the calculated difficulty for each item. A design decision
was made in the initial stages of test development to strive for a broad range
of item difficulties. Several items were included which, it was assumed,
would have little or no discrimination value. In other words, almost all of
the subjects were expected to respond correctly. These items were designed to
increase the subjects’ motivation to try to perform well on the test. On the
other hand, several items were specifically included to assess the outer limits
of the subjects' musical knowledge, thus the difficulty level of these was
much higher. Yet, even with this goal in mind the item difficulties fell
within reasonable limits. Item difficulties ranged from a low of 15% to a high
of 100% and the mean difficulty was 63%. Marshall and Hales (1971)
suggested that mean item difficulties should fall somewhere close to the
midpoint between the percentage possible through chance and 100%. Chance
percentage for the theory test was approximately 25% since the majority of the
test was four-choice multiple-choice items. A mean of 63% is very close to
the suggested midpoint.

Calculation of a discrimination index involved several steps. First,
each subject's responses were recoded as either correct or incorrect. For
example, if a test item offered four possible answers and answer "A" was the
correct answer, then each subject who did not select "A" for that item was
coded with a "1" while each subject who responded correctly was coded with a
"2". Once this was accomplished it was possible to run a correlation analysis

between each subject's test score and the coding for each test item. The
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purpose of the analysis was to determine whether correct answers on each
item would correlate with a higher overall test score.

In general, test developers attempt to achieve large discrimination
indices. However, several factors can foil this attempt. Marshall and Hales
(1971) suggested the following.

The discriminatory power of the item is influenced by a

number of factors, including: the previous learning experiences

of the examinees; the ability of the [question] stem (aided by the

choices offered) to structure the question for the examinee; the

extent of ambiguity in the item; the ability of the foils to appeal

to those with incorrect or lack of knowledge; the presentation of

only one best or correct answer which will appeal to the upper

group; and the difficulty of the item. (p. 232)

Marshall and Hales went on to state that the greatest number of
discriminations are achieved when the discrimination index is .50. This
understanding of discriminations is enhanced by Nunnaly's (1961)
explanation. He suggested that test creators should be suspicious of items
which fall below a discrimination index of .20. There is a place in test creation
for items with low discriminations as motivational tools. On the whole, a
test should include items which most or all subjects can successfully
complete.

The results of the discrimination calculations for the present test are
listed in Table B-1. The correlations ranged from a low of -.01 to a high of .62.
Interestingly, both the mean and the median for the item discriminations
were calculated at .31. Table 3 shows the spread of the 90 item discriminations

across various ranges.
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Table 3
Number of Test Item Discriminations Within Selected Ranges

Range Number of Items
-10to0 .20 18
.21 to .40 52
41 to .60 16
61 to .80 2

Two test items were correctly answered by all subjects and, therefore,
were not used in the analysis. One test item produced a negative correlation.
A negative correlation indicates that there was an inverse correlation
between that test item and final test scores. In other words, subjects who
scored higher on the test were more likely to miss this item while subjects
who scored lower on the test were more likely to respond correctly to this
item. The discrimination index for this test item was so close to zero that the
item was evaluated as non-discriminating.

Test Reliability

The test-retest method of reliability assessment was selected as the most
feasible for this study. As stated earlier, twenty subjects were randomly
selected to take the same test a second time. The second test administration
took place approximately one week after the first administration. This gave
sufficient time for the subjects to forget the details of the test while limiting
the amount of time available for large changes in musical knowledge. Most

of the subjects scored surprisingly close to their first test score (Table 4). A
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Pearson correlation analysis of test-retest scores produced a correlation of .86.
This is a relatively strong correlation and seems to indicate a good level of

stability between administrations of the test.
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Table 4
Test-Retest Scores of 20 Students

Student # Test Retest
1 60 55
2 57 69
5 53 63
4 72 64
5 73 73
6 55 57
7 § 85 86
8 51 60
9 47 51
10 73 73
11 55 66
12 60 65
13 36 43
14 50 55
15 52 46
16 62 s
17 51 85
18 52 59
19 68 69

70

8
&
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Descriptive Statistics on Term Grades
The criterion variables compared with the theory test scores included

three grade evaluations taken from each of the three terms of the first-year
theory sequence. Two of the grades were the same evaluation registered in
two different grading scales.

The first grades gathered for the subjects were taken from their term lab
scores. The lab portion of the theory class included drill and practice with
aural skills such as sightsinging, dictation, and ear training. A separate grade
was taken for this portion of the class so that a correlation analysis could
determine whether the theory test was a strong predictor of success with skills
outside the bounds of normal classroom assignments.

Two grades were taken which represented the subjects’ final course
grade. One was the final perceritage based on a 100% scale as calculated by the
class instructor while the second was the grade point assigned to each
subject's percentage grade based on a 0.0 to 4.0 grading scale. This allowed
correlation of the theory test scores with both a large and small interval scale.

All three grades were gathered for each of the three terms of the first-
year music theory course. Some of the subjects who initially took the test
were dropped from the study at the end of each term because they did not
complete the course or elected to take subsequent terms of the theory
sequence at a later date. An average grade for the entire year was calculated
for each subject who completed all three terms of the first-year theory
sequence. The average grades were computed by calculating the mean of the
three term grades for each subject in each of the three grade criteria. Table 5
displays pertinent descriptive statistics for the three terms with divisions for
the three grading areas. The average grade statistic should not be construed as

the mean grade of each group of three term grades. Rather, the average grade
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statistic only reflects the mean grade of the 32 subjects who completed all

three terms of the music theory sequence. Hence, the average grade mean
may be larger than any of the other means with which it is associated. Tables
C-1,C-2, and C-3 (see Appendix C) contain the frequency distributions used for

the calculation of these statistics.
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Table 5

Descriptive Statistics on Grades for Three Terms of the First-Year Music
Theory Sequence

Grade Area Mean SD Number of
Subjects
Lab
Fall Grade 81.00 19.45 57
Winter Grade 80.42 12.73 41
Spring Grade | 85.46 10.35 . 33
Average Grade€ 84.96 8.61 32a
Grade as Percent
Fall Grade 86.19 12.68 57
Winter Grade 86.29 8.13 41
Spring Grade 85.33 16.75 33
Average Grade€ 87.69 7.67 32
Grade Point b |
Fall Grade 2.80 .98 57
Winter Grade 2.71 91 41
Spring Grade 2.80 93 33
Average Grade€ 2.92 72 32

Note. Subjects given a grade of zero in any criteria used for this table were
included in these calculations but not in later correlation calculations.

40ne subject completed the second and third terms but did not complete the
first term and was not included in the average grade calculations.

bAll grade points are calculated on a 0.00 to 4.00 scale.
CAverages only reflect the 32 students who completed all three terms.
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The mean for all three grade criteria in Table 5 was quite high on the
0%-100% scale. The establishment of clear correlations between two criteria
becomes increasingly more difficult as the mean of either criterion
approaches the upper limits set for that criterion. As the mean of a given
scale approaches the upper limit of that scale it indicates the presence of
smaller and smaller degrees of variance between subjects and this small
variance may, in turn, hinder strong correlations. The high mean of the
three grade criteria may produce this effect.

Another interesting aspect of Table 5 was the way grade means and
standard deviations changed with subsequent terms. The means of the grqde
percentages criterion were quite stable throughout the three term period. Yet,
lab grade means showed marked improvement with each term while the lab
grade standard deviations display significant decreases. These differences are
possibly explained by the different skills needed to achieve each grade. One’s
ability to do normal classroom assignments is not necessarily affected by
practice. Rather, the individual either chooses to do the assignment or not to
do the assignment. A lab class, however, emphasizes listening and
performance skills which may be quite undeveloped when the student
arrives as a freshman. Over the course of the year, many students are able to
substantially improve their skills in these areas and this improvement would
be reflected in increased grade means.

The changes in the mean and standard deviation of the lab grades
might also be the result of the failure of weaker students to continue in the
course. The withdrawal of weaker students results in a higher mean since
those students' low scores are no longer included in the calculation. The

exclusion of these low scores is also reflected in a smaller standard deviation
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since the size of the variance between the high and low extremes of the group
is decreased.

Correlation of the Theory Test and Class Grades

The goal of this research study was to design a tool which was useful as a
predictive/diagnostic test of success in first-year theory. A correlation analysis
was completed between the theory test and the course grades gathered from
each term to evaluate the success of the test in fulfilling the stated goal. The
test was compared individually with each lab

grade, percentage grade, and final grade for each term. Then the test was
compared with a three term average grade in each of the three areas. Table 6
presents the final correlation statistics.

The lowest correlations occurred between the theory test and the
subjects' lab grades. This is perhaps an expected result. In a theory lab,
students are drilled in ear training, sightsinging, dictation, and other aural
skills. Only one tenth of the theory test was devoted to any of the activities
normally included in a theory lab. All the questions incorporating lab-type
activities were specifically focused upon aural recognition of a musical
stimulus. The student demonstrated recognition by matching the stimulus
with a correct response on the screen. In general, a low correlation between

the theory test and the subjects' lab scores was expected due to the

dissimilarity of content areas.
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Table 6
Correlational Statistics for Comparison of the Theory Test With Classroom

Grades

Grade Area Subjects Correlation
Lab Grade
Fall 56 29
Winter 41 25
Spring 33 24
Averaged 32 32
Percentage Grade
Fall 57 41
Winter 41 43
Spring 33 36
Averaged 32 40

Final Grade Point

Fall 54 42
Winter 41 47
Spring 33 43
Averaged 32 51

Note. Subjects who were given a grade of zero in any of the criteria used for
this table were not included in correlation calculations.
2Averages only reflect the 32 students who completed all three terms.
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As noted in the discussion of Table 5, the average grade correlations
should not be construed as the mean correlation of each group of three term
correlations. Rather, the average grade correlation only reflects the
correlation of the theory test with the average grades of the 32 subjects who
completed all three terms of the music theory sequence. Hence, the average
grade correlation may be larger than any of the other correlations with which
it is associated.

Both the percentage grade correlation and the final grade point
correlation displayed relative stability. An interesting observation was the
decline in correlation strength of the percentage grade calculated for the
spring term. One possible hypothesis for this decline was that students were
less motivated during the spring months and sagging grades were a natural
result of slackening motivation. This grade "slump" appeared to affect the
stronger students more than the weaker students thereby lessening the
strength of the correlation.

Perhaps the most important aspect of Table 6 was the correlation
between the theory test and the average of final grade points based on a 0.0 to
4.0 scale. The strength of the correlation (r=.51) was surprising since the grade
point scale was the least sensitive of the interval scales used as criterion
variables. However, it was this correlation which carried the greatest
strength. Both the lab grade and percentage grade were calculated by the
instructor but only the final grade point was recorded on the students’
records. Ideally, then, the theory test should correlate most strongly with the
grade which will eventually show up on the students’ transcripts.

One drawback repeatedly presented itself during interpretation of the
statistical data. The distribution of the theory test scores was somewhat even

across a large range while the distribution of grades in all three grade criteria
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was greatly skewed toward the high end of the scale. I believe that a larger
variance in lab grades would produce a stronger correlation between the
theory test and student grades. Figure 2 demonstrates this problem with a

correlation between theory test scores and the fall lab grades.
10

m 0(9 0 o
@ % °o°dzé
o
60 o O
Fall Lab Grade o
(Percentage)
Pe) o
2 o
0 o
O Subject Grade
20
20 0 40 50 60 7 8 90
Number Correct

Figgré 2. Correlation scattergram between Fall term lab grade percentages and
number correct on the theory test.

At this juncture the three-term averages of subject final grade points
was once again noteworthy since the scattergrams for these correlations did
not indicate such a high-end skewness (Figure 3). Perhaps the smaller range
of the grade point scale made it less sensitive to this problem. Figure 3 also
demonstrates that the heavier weight of classroom grades and the grade
variance achieved by the classroom instructor may offset the high-end

skewness of lab grades.
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O Student Grade

65
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Figure 3. Correlation scattergram between average final grades and number

correct on the theory test.

Overall, the test score distribution and the correlation statistics were

judged successful for the first iteration of a new measurement instrument.

As expected, some of the test items require some adjustment while others

need to be replaced. However, no major design flaws were discovered in the

test.
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CHAPTER 5 - DISCUSSION

Problems With The Study

Several problems which arose during the design and implementation
of the study were mentioned in previous chapters. Some, like the
technicians' strike at the university, were unavoidable but minor. Others,
such as the failure of subjects to report at assigned times, were irritating but
did not adversely affect the study.

One minor flaw in the research design became apparent after the
second term of course grades was gathered. The problem involved a failure
to recognize that freshmen students were not required to take all three terms
of the first-year music theory sequence during their first year of enrollment.
A number of subjects dropped out of the theory sequence after each term.
However, it was inaccurate to label a student as unsuccessful in music theory
simply on the basis of that student's failure to complete all three terms of the
first-year theory sequence. It was not possible to ascertain each student's
reason for delaying completion of the sequence, and these reasons might
have included failure to do well in the class, financial considerations, or
scheduling difficulties. Any students who did not complete a given term of
music theory or did not enroll were simply deleted from the statistical
analysis for that term. Students who did not complete all three terms of
music theory were included in the statistical analysis for terms which they did

complete and this accounts for the diminishing sample size noted in

Chapter 4.
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The loss of subjects from successive terms produced another problem
with the study. The original sample size of 59 subjects was large enough to
make some specific generalizations concerning the music theory test and its
use with freshmen music students at Michigan State University. However,
the strength of the generalizations was somewhat weakened as the sample
size decreased. It was not possible to remedy this situation since all of the
subject pool was used up for the 1988-1989 academic year and the available
subject population is only replenished once per academic year when new
freshmen students arrive on campus. The problem of limited number of
subjects was addressed by my Doctoral Guidance Committee which concluded
that the project should continue but that follow up work with more subjects
would be a profitable endeavor at a later time.

Other Applications

One important consideration of this test is its usefulness to other
institutions. The validity of this study is only claimed when it is used with
freshmen music majors at Michigan State University. Applicability to theory
programs in other institutions, however, may be based on the similarities
between the traditional theory program at Michigan State University and
other theory programs. It is premature at this point in the test development
to try to generalize the results of this study to other theory programs. Further
revision of the test may allow this in the future.

Conclusions

The development of useful testing tools requires a number of
iterations and the theory test under discussion in this paper was no exception.
In general, the test performed as expected. Several meaningful findings were
noted. First, the correlation between the test and the subjects’ lab grade was

not strong enough to warrant use of the test as a predictor of success in this
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portion of the first-year music theory sequence. Suggestions for enhancing
the strength of this correlation are included in the succeeding section.

The test items themselves performed reasonably well. The range of
test item difficulties was well distributed although some weaknesses were
uncovered during the analysis of item discrimination. A number of items
need reevaluation and some items should be discarded, although I believe
that some items with low discrimination ability are necessary to increase
subject motivation. I was pleased to note the small number of negatively
discriminating test items.

Perhaps the most striking result of the study was the discovery that the
theory test correlated more strongly with the less sensitive grade point scale
than it did with the percentage grade scale. As stated previously, this is an
important finding since the grade point scale is used for student records. A
_ topic for continued study is whether the grade point scale continues as the
strongest criterion as the test improves through successive revisions.

In general, the theory test appeared to be an encouraging start toward
the development of a useful diagnostic/predictive tool for music theory. The
test items, in most instances, functioned successfully. Evaluation of the
strength of the reliability statistic and the acknowledgement by the theory
panel of experts that the test content validity was sufficiently high indicate the
presence of a strong measurement foundation for future revisions of the test .

The computer implementation of the test was very successful. No
problems arose with either the software or the hardware. This study did not
evaluate student responses to computerized testing but it appeared that the
students enjoyed working with the computers. This was especially evident in
the number of questions asked concerning the development process used in

creating the test and placing it on the computers.
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The number of computers available for test administration was
adequate for the number of students taking the test and students did not have
to wait for a computer to become available. However, the test administration
was spread across an entire week. More computers would be necessary if
larger numbers of students were required to take the test or if the time given
for administration of the test was shortened significantly. Personal
headphones for each student would also be essential.

Suggestions for Further Research and Improvement

A number of avenues are available for continued development of this
test to strengthen its current usefulness and enhance its assessment
capabilities. Of primary import is the refinement of current test items. Items
which are used as non-discriminating, motivational questions should be
selected and retained. All other items which have low discriminating
abilities must be rewritten. Some questions might be salvaged by
strengthening the incorrect choices, thereby increasing the item difficulty.
However, the item difficulty rating for some weak items is already sufficiently
strong. These items might have to be replaced by new questions which cover
similar material.

The test might be enhanced by the addition of some additional music
content areas. Several areas suggested during the development of test
objectives included form, syncopation, and twentieth century theoretical
concepts such as bitonality and tone clusters. These areas were not included
in the initial test form because they fell outside the content parameters
established by the first-year theory instructor. Perhaps students would benefit
from the inclusion of some or all of these content areas in the first-year
theory curriculum. If new content areas were added to the curriculum, then

those new areas could be used to generate new questions for the theory test.
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Test length must be carefully considered before any new content areas are
added. Completion of the test in its current form requires approximately 50
minutes. Increasing the length of the test is likely to decrease a student's
willingness and motivation to do his or her best because the duration of the
test stretches the limits of the student's attention span. Therefore, new items
would have to replace already constructed items. This, in turn, decreases the
number of test items devoted to other content areas which are perhaps more
significant in the overall theory curriculum. The trade-offs involved with
adding the new test items might be prohibitive.

The statistics in Chapter 4 demonstrated the low correlation between
lab grades and scores on the theory test. It is possible that this correlation
might be strengthened through the addition of more items which assess the
student's performance skills in areas such as sightreading, ear training, and
dictation. In the current version of the test, the student is asked to identify
scales, chords, and intervals played by the computer. This may be an adequate
representation of listening items. Examples of other test areas might include
questions in which the student is asked to press the keys of an on-screen
piano keyboard to "play" a melodic line or the student might be asked to drag
notes onto a staff to notate a melodic line played by the computer. Both of
these examples are easily done with the computer but involve a much greater
amount of time for student responses. Again, the problem of test duration
might prohibit expansion into some areas which, by their presence, could
result in a stronger measurement tool.

A final suggestion for enhancing the test is not affected by the test
duration problems listed above since it replaces one method of item
presentation with another. The digitized sounds used to present the aural

test items were quite adequate. However, the use of MIDI connections to a
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synthesizer keyboard would greatly increase the quality of the musical output
of the test. MIDI or Musical Instrument Digital Interface is an established
protocol for transferring musical data from one instrument to another. The
instruments can be synthesizers, computers, or even guitars with appropriate
connections. Connecting a computer to a synthesizer via MIDI makes it
possible to play the synthesizer from the computer. The aural examples used
in the theory test would be of a much higher quality if MIDI technology was
incorporated to produce the examples on a synthesizer. The drawback of
enhancing the theory test with MIDI technology lies in the increased
hardware and software demands. On the software side there is a much longer
time involvement dedicated to programming the theory test to produce the
MIDI signals which the synthesizer requires. On the hardware side there is a
much greater investment in equipment required to administer the test. The
increased amount of equipment also increases the number of problems which
might arise during test administration. For example, the synthesizer might
not be properly set to receive MIDI information and most students would not
know how to remedy this problem. Problems such as this can lead to lower
performance on the test. In its present form the theory test is self contained
and does not require the test administrator to check any peripheral
equipment.

Each enhancement listed above can, in some way, make the test better.
Each enhancement also has associated drawbacks which must be considered
before implementation. Only further development of the theory test and
administration to new samples will adequately demonstrate the value of any
or all of the possibilities.

In summary, I have created a test for diagnosing and predicting the

success of first-year music theory students at Michigan State University. The
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test was implemented on the Macintosh computer and administered to 59
subjects without incident. The statistical results calculated were quite
satisfactory for the first iteration of a test instrument with the exception of the
problems noted in this chapter. Other institutions whose first-year theory
curriculum is somewhat parallel with the curriculum at Michigan State
University might be interested in the results of this research project and any

follow-up research completed at a later time.






APPENDIX A - FREQUENCY DISTRIBUTION OF TEST SCORES

Table A-1
Frequency Distribution for 59 Theory Test Scores

Score Frequency

85
77
75
73
72
70
69
68
67
66
64
63
62
60
59
57
56
55
54
53
52
51
50
49
48
47
46
45
4
43
41
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Table A-1 (cont'd.).
39
36

35
24
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APPENDIX B - ITEM DIFFICULTIES AND DISCRIMINATIONS

Table B-1

Test Item Difficulties and Discriminations Displayed as Percentages

Indices
Question # Difficulty Discrimination
1 .98 .13
2 .83 31
3 .83 32
4 .90 27
5 1.00 —
6 .83 .38
7 .68 29
8 .64 . 33
9 93 .16
10 1.00 e
11 .70 .10
12 .88 .20
13 .80 .35
14 90 .36
15 56 2
16 54 29
17 51 .35
18 .70 .07
19 .86 38
20 .70 14
21 .39 -54
22 17 26
23 46 31
24 78 .30
25 64 41
2 .75 .34

74



Table B-1 (cont'd.).
27

28
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30
31
32
33
34
35
36
37
38
39
40
41
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43
44
45
46
47
48
49
50
51
52
53
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.50
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24
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Table B-1 (cont'd.).
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73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
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920
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APPENDIX C - FREQUENCY DISTRIBUTIONS OF GRADES

Table C-1
Frequency Distribution for Student Lab Grades in Music Theory

# of Subjects

Grade Percentage Fall Winter Spring Average

99
98
97
96
95
94
93
92
91
920
89
88
87
86
85
84
83
82
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80
79
78
77
76
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74
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Table C-1 (cont'd.).
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Table C-2

Frequency Distribution for Student Percentage Grades in Music Theory

# of Subjects
Grade Percentage Fall Winter Spring Average
99 1 0 0 0
98 2 0 1 0
97 4 2 2 2
9% 0 < 3 2
95 4 1 1 1
94 5 2 0 3
93 3 2 1 0
92 3 4 3 1
91 5 3 5 2
90 1 1 0 3
89 1 3 0 4
88 6 3 2 2
87 2 2 2 2
86 0 1 2 1
85 0 3 1 1
84 2 0 2 0
83 4 1 0 0
82 3 0 0 2
81 2 2 0 0
80 1 1 1 0
79 0 1 0 0
78 1 0 3 0
7z 0 0 0 2
76 1 0 3 2
75 1 1 0 0
74 2 2 0 0
7 0 1 0 0
70 0 1 0 0
69 0 1 0 0
68 0 1 0 0

I
i
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Table C-3

Frequency Distribution for Student Final Grades in Music Theory

# of Subjects
Grade Point Fall Winter Spring Averagea
4.0 7 4 6 2
35 15 9 5 7
3.0 13 10 7 8
25 8 7 7 8
2.0 7 4 4 2
15 4 2 3 5
1.0 0 5 0 0
0.5 0 0 0 0
0.0 3 0 1 0

aThe numbers in the Average column include all subjects whose final grade
is less than the grade indicated in the row above the selected row and greater
than or equal to the grade label for the selected row.



APPENDIX D - COLMAN THEORY TEST
©1990 by James P. Colman. All Rights Reserved.

1. The note shown below is written in which clef?

a. Treble
b. Bass

2. When four-part harmony is written on the Grand Staff the alto part is
usually written in which clef?

a. Treble

b. Bass

3. Which of the answers below correctly identifies this note?
ry

==

[N~ ]
[eR- 2

d. D

4. Which of the answers below correctly identifies this note?

E-flat
. F-sharp
G-sharp
A-flat

po o

82
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5. Which of the answers below correctly identifies this note?

apoe
@w»Om

6. If this note were lowered one octave and written in the bass clef which of
the choices below demonstrates the correct notation?

o
=2
lih

Ly
Ly

c. d.

7. If this note were rewritten in the treble clef at the same pitch level which of
the choices below demonstrates the correct notation?
o m—

8. How many half-steps are contained in the interval from C# to F?
a. 3

b. 4
Cj 5
d 6

9. When an individual plays or sings the notes E and F are they performing a
half-step or a whole step?

a. Half step

b. Whole step
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10. Which of the accidental signs below will raise this note a chromatic half-

step?

a o. #
c. b d. bb

11. To lower this note a chromatic half-step, which of the accidental signs
below must replace the current sign?

a. b b. 8
c. b - d. bh

12. Which of the accidental signs below will raise this note a chromatic half-
step?

a b. #
c. b d. bb

13. Of the choices given below, which one is another way of notating this

pick? P
H % 4 E
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14. The following scale contains all the correct pitches. The indicated pitch is
notated incorrectly. Which of the choices below demonstrates the correct
notation?

o,
e—

= =

15. In the musical example below, which numbered interval is a diatonic
half-step?

v — |
Ty |

Lol
Nt
Le

[

16. In the musical example below which numbered interval is a chromatic
half-step?

17. Which one of the choices below contains a portion of a correctly notated
chromatic scale?

/]

a. .z 1 b. . )
= 1

£ 9 )
T d,?_n_tn_,_‘.,_“_h_i

1
=]
|




ace
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18. Which one of the following selections contains the correct conclusion of
the chromatic scale started below?
[

X v
¥ -~
v *

0 ) ] "
a_?n—&u—o—ﬂo——'—‘:l“ jb'ﬁo—k—n_ﬁ
C-Wd'm

D}

19. Only one of the notes shown below correctly completes this measure
according to the meter signature. Which one?

a ) ¢ d
o. J. a4 .

20. Which of the meter signatures shown below is the best match with the
given musical example?

a4 8 Il !
a 2 c 3
. 3 a §

21. Select the answer which contains the best example of compound meter.

a. b.

- EEEEEEE ===



nof

2.3



87

22. A half-note triplet is equivalent to which of the following unsyncopated
note groups?

TBIRN 0.d J
cd 44 a4 J

23. If a metronome marking indicates the rate of a half-note at 120 beats per
minute, what is the rate of a whole-note.

a. 60

b. 120

c 180

d. 240

24. Which of the following choices demonstrates the correct sequence of note
durations from longest to shortest?

addyd bomd DA
& ddid dopd d

25. How many thirty-second notes does it take to equal a dotted <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>