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SUMMARY
Purpase
The purpose of the study was to develop a prototype computerized,
criterion-referenced test of certair, nonperformance musical behaviors
for administration to entering students in music education at The
Pennsylvania State University, with the expectation that the test could

provide a pattern for development in similar situations.

procedures

After the formulation of statements of competencies to serve as
conceptual pases for the formulation of criterion-referenced test items,
test items were constructed for twelve subtests. A total of 783 such
ftems were constructed for twelve subtests. A total of 783 such
items were administered to music and music education undergrzduates at
seven Pennsylvania institutions of higher education, including Penn
State. item difficulty fndices were computed, and twenty-item scales,
wrranged in order of difficulty, were selected for each subtest. Four
subtests were selected for programming.

The test was brogrammed for the IBM 1500 Instructional System in a
sequential or incremental manner. In accordance with the programming
strategy adopted for the final adminfstration, a student began a subtest
with the fourth item of the twenty-item scale. A correct response
branched the student ahead to the efghth item, the assumption being that
the student woauld have answered the first, second, and third items cor-
rectly because they were of less difficulty than the fourth ftem. The
student proceeded in increments of four until the twentieth item was
ansuered correctly or an initial erroneous response occurred. An ini-

]:lz\}:l error caused a reverse branch of three {items. From that point, the
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student continued the subtest in 1inear fashion until the end of the
subtest was »eached, three erroneous responses occurred in succession,
or a total of five erroneous responses had occurred. The student's
score for each subtest was the nu.ber of items actually answered cor-

rectly plus the number of {tems for which a correct answer was assumed,

Results and Cenclusions

In ¢:tober, 1970, the computerized test was administered to thirty-
two undergraduate music education students at Penn State, A parallel
comznticonal version of the test was administered to twenty-eight other
stucents, and the two versions were compared with an analysis-of-vari-
ance prucedure for equivalency. The tests were not shown to be equiva-
lent, although their mean scorcs did not, with one exception, differ
sfgnivicantly., Quantitative inadequaci2s may be explained by the
discrepancies between estimated orders of item difficulty and the true
orders of item difficulty for the particular students tested.

From a qualitative standpoint, the computerized test performs
adequately. Refinemcnt is indicated by reordering of the test items on
the basis of estimates of item difficulty obtained from larger groups of
students. Lengthening the test to include areas representative of more
behaviors might also be in order. With such rcfinement, the test could
provide a convenient, rapid assessment of the status of music education
students in regard to certair expected nonperformance musical compe-

tencies.

in



CHAPTER I
INTRODUCTION
PURPOSE OF THE STUDY

The basic purpose of this study was to develop a prototype com-
puterized criterion-referenced test for measuring competencies in
certain nonperformance musical behaviors present in undergraduate stu-
dents commencing their course of study in music education. The proto-
type was developed utilizing students and resources of The Pennsylvania
State University at University Park, Pennsylvania, and six other

Perinsylvania institutions of higher educaticn.
BACKGROUND

College students pursuing a course of study in music or music
education inciude in their program the study of nonperformance areas,
i.e., areas such as music theory, music history, and music 1iterature
which are not directly concerned with vocal or instrumental performance.
Adequate musical preparation for entry into the profession of music
education involves more than the development of technical vocal and
fnstrumental skills. The formal music education necessiry for the pros-
pective teacher and perforner should include thorough theoretical,
historical, and stylistic study.]

The standards and expectancies of colleges and universities

regarding competence in nnnperformance areas vary; learners vary. If a

lJames Joergenson, "Advice to the Potential College Music Major,”
Instrumentalist, XXI' (April, 1968), 38-39.

11
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particular college music or music education department could reliably
measure 1ts own entering students' nonperformance musical behaviors and
compare the measurcments with the particular expectancies of the col-
lege, certain curricular problems might be alleviated. Needed remedial
learning experiences for those students identified as not meeting mini-
mal expectancies could be indicated. Qualitative descriptions and
analyses of nonperformance musical behaviors could be a basis for
advanced couise placement and eemption from certain courses.

Although nothing 1n this area had been done prior to the research
reported herein, it appeared that a computer-based instructional system,
designed fcr rapid processing of student responses te interrogative
stimull, couid serve as a means of measuring with speed, flexibility,
and efficiency the extent to which expectancies in nonperformance musi-
¢a) behaviors were met by a given student. Descripticn and analysis of
student nonperformance musical behaviors could be facilitated by pro-
gramming a computer to serve as a device for the measurement of profi-
tiency 1n such behaviors.

Given sufficieint breadth and depth of observation, such a measuring
device could serve as a diagnostic achievement test because it would
purport to measure a certain pattern of musical achievement. The cur-
rent lack of music tests which serve as diagnostic tools has been cited
by Lehman.2 At present, it 1s unlikely that existing published music
tests adequately serve as a diagnostic achievement test for comparison
of observed nonperformance musical behaviors with expected nonperform-

ance musical behaviors.

2Paul R. Lehman, Tests and Measurements in Music (Englewood
Cliffs, New Jersey: Prentice Haii, Inc., » p. B

12
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YNADEQUACY OF PRESENT TESTING TECHNIQUES

Test {tems intended to measure musical behavior of students at a
partizular institution of higher learning should be based upon the
goals, standards, and criterta for success in that institution. The
particular objectives of one institution may be considered to be some-
what different from another. Tests for similar purposes in various
music and music educatior departments may have similar formats, but
content and sequencing of {tems should be free to vary. It is apparent
that tests prepared on a natifonal or regional basis with a rigid content
and order of {tems may fail to reflect the instructional objectives and
enphases of a particular music or music education faculty.

Music educarors lack a natfonal consensus as tu what specific
musical outcomes are expected as a result of instruction in music. No
existing published achievement test 1< likely to receive widespread
acceptance as a measurement to~l because the profession does not appear
to have a sufficient degree of consensus with regard to what musical
behaviors are desirable.3 Consequently, it was proposed to begin the
development of the propused measuring device by constructing a test of
certain nonperformance musical behaviors for 1 specific institution
vhere a consensus of institutional goals was ohtainable. The pattern of

development that has evolved s adaptable for application elsewhere.

3Lehman, pp. 57-58.

13



- NEED FOR CRITERION-REFERENCED TESTING

It was proposed to develop a tesi that would assess nonperformance
musical behaviors in relatioi to criterion behaviors. The behaviors to
oe observed and measured were to be specified and stated in the form of
observable student objectives. Tke original intent was that these
objectives were to represent the minimal ameunt of competence that
entering music or music education students at a particular institution
could be expected to display ¢s evidence of criterion attainment.
Although the objectives were eventually expressed in terms of observable
competercies which an undergraduate student in music educatiun should
attain in the course of his pre-professional training, rather than in
numerical expressions of desirable entering competencies, the specifi.-
cation of the behaviors to be measured as the initial phase of test
development was in accordance with contemporary principles of test
development.4

The distinction between noym-referenced and criterion-referenced

measures is vital and of fundamental importance. Glaser explains that
two kinds of primary information, differing principally in the stand-
ard used as a reference, are obtainable from an achievement test. The

relative ordering of individuals with respect to their test performance

4Robert Glaser, "Instructional Technology and th. ‘leasurement of
Learning Qutcomes: Some Questions," Amerfcan Psychologist, XVI1I
(August, 1963), 520; Robert Glaser and David J. Klaus, "Proficiency
Measurement: Assessing Human Performance," Ps chologicel Principles $n
System Development, Robert M. Gagne, editor {New York: Holt, Rinehart,
and Winston, Inc., 1962}, p. 430; C. M. Lindvall, Testing and
Evaluation: An Introduction (New York: Rarcourt, Brace, and World,
inc., 1961}, pp. 23-25.

14



is the type of irformation provided by a norm-referenced measure, a
measure dependert upon a relative standard for relating individuals to
each other. Arother type of information is the degree to which the
student has attained criterion perfcrmance and is provided by a crite-
rion-referencad measure which is dependent upon an absolute standard
of quality to represent criterion performance.5

A criterion-referenced measure provides explicit information
regarding an individual's ability to perform a task. The individual's
score indicates the degree of competence he has attained in relation to
an ordered continuum of expected behaviors rather than in relation to
the performance of others.6

A norm-referenced test compares individu2ls with each other rather
than with a behavioral standard; it indicates only how much a student
knows with respect to other students. The shortcomings of ordinary
norm-referenced achievement tests for assessment of learning have been
recognized by various authorities in regard to the ongoing national
assessment program.7

Although Cronbach defines a test as "a systematic procedure for

comparing the behavior of twc or more persons,“8 the comparison of one

person to another was not the purpose of the test developed in this

5Glaser, 519.
6G]aser and Kiaus, p. 422.

7Car011ne Hightower, How Much Are Students Learnirg? Plans for 2
National Assessment of Educatfon (Ann Arbor, Michigan: The Committee

on Arsessing the Progress of tducation, 1968), p. 6.

8Lee J. Crunbach, Essentials of Psychological Testing {2nd ed.;
New York: Harpor and Row, 1350}, p. 21.

15




study. Rather, the purpose was perceived as a comparison of a person's
existing observed nonperformance musical behaviors with desired nonper-
formance musical behaviors as represented by test {tems that demonstrate
attainment of criterion competencies, i.e., a criterion-referenced test.
Tests which presently exist in music, although meeting Cronbach's
definition, do not appear to compare cbserved with expected behavior.
This is not unexpected since the assessment procedures conventionally
used in development of the typical standardized test in any area of
knowledge do not include a method fo. assessing student performance in
terms of instructional objectives. Existing achievement tests appear to
have as their purpose the demonstration of the great range of individual
differences in behavior. Continued refinement of norm-referenced tests
to maximize their discriminatory power is not likely to be worthwhile
for the purposc of measuring achievement in terms of expected behaviors?

Comparison of the observed with the expected requires criteria for that

which is expected, not discrimination among those who are observed.
NEED FOR THE APPLICATION OF COMPUTER TECHNOLOGY

Technological davelopments have made it possible to create new
testing materials and present them in a variety of ways. A covouter may
be programmed to nreseat varied test stimuli, to record and evaluate the
responses, and to provide a printed summary and interpretation of each
individual test performarce in relation to a behaviora! standard. Tyler

states:

9Robert M. Gagne), The Conditions of Learning (New York: Mclt,
Rinehart, and Winston, Inc., 1966}, p. 258.

16



Now that high-speed computers and electronic data

processing make individual diagnosis, recording, and

treatment feasible, teachers do not have appropriate

evaluation instrunents to guide greater individualization

of instruction. We are still co obsessed with the ranking

of indi:iduals on the basis of scores that we have not

developed 3dequately the tools and procedures required.

Theory and practice need to be reexamined in terms of

present conditions and opportunities.10

It was the researcher's belief that computer technology could be
used effectively to bring new techniques to bear upon the problem of
the measurement of nonperformarce musical behaviors. The technique of
sequential or incremental testing, whereby the student's response
history is utilized to determine the order of presentation of test items
to an individual student, appeared particularly premising. Furthermore,
the computer can smoothly and rapidly present a variety of musical
stimuli in an individualized manner by coordinating the appropriate

auxiliary apparatus.
SUMMARY OF THE BACKGROUND OF THE STUDY

A lack of a suitable measuring instrument was perceived for com-
paring certain nonperformance musical behaviors of entering college
musfc and music education students with expected levels of competence.
Norm-referenced tests that discriminate between individuals were viewed

to be inappropriate for the purpose. It was therefore proposed :io use

]ORaIph W. Tyler, "Changing Concepts of Educatfonal Evaluation,” ,
Pe ‘spectives of Curriculum Evaluation, Ralph W. Tyler, Rcbert M, Gagne,
and Michael scriven, editors (Chicago: Rand Hchally and Company, 1967),
p. 17.




computerized prasentation and analysis to rapidly administer a crite-
rion-referenced test to evaluate the behavior of entering freshman
music and music education majors in certain nonperformance areas in

relation to defined expectancies.

18



CHAPTER II
REVIEW OF SELECTED LITERATURE

The.purrose of this chapter is to provide a conceptual basis for
the work that was undertaken by illustrating research and opinion that
had been previously applied to the development of tests in nonperform-
ance areas for entering students, criterion-referenced measures, and
feasibi1ity of computerized testing.

A substantial amount of literature has been developed regarding
tests and measurements in music. Lehman] and Nhybrew2 have written
textbooks discussing problems inherent in music testing, certain statis-
tical concepts, the classification of tests as aptitude or achievement
meastres, and published standardized tests in music. As portions of
psycholagy of music texts, psychologists such as Farnsworth3 and Lund1n4
have reviewed tests and discussed problems in the context of definition
and measurement of musical oehavior. The controversy between the
Seashore atomistic view of musical talent and the Mursell general view

of musical talent with implications for testing has been widely

reported.5 A comprehensive listing of literature pertinent to the

]Paul R. Lehman, Tests and Measurements in Music (Englewood C1iffs,
New Jersey: Prentice-Hall, Inc., 1968}, pp. 1-99.

Z4i114am K. Whybrew, Measurement and Evaluation in Music (Dubuque,
lowa: The William C. Brown Company, 1962), pp. 1-184,

3paui R. Farnsworth, The Socfal Psychulogy of Music (New York:
Holt, Rinehart, and Winston, Inc., 1958}, pp. 1-304,

4Robert W. Lundin, An Objective Psychology of Music {2nd ed.;
New York: Ronald Press, Y367), pp. 1-335.

5

Lehman, pp. 40-41,
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general topic of testing in music, compiled and categorized vy Lehman,
provides a total of 298 discrete entries, including psycholagical tests,
reviews, texts containing sections on music tests, experimental studies,
studies of published tests, and woerks regarding the status of testing.6

General tests and measurements literature, though related, is not
as directly pertinent to the developmental research reported herein as
are certain more specific materials. Literature regarding standardized
tests of music, musfcal aptitude and its definition, and the philoso-
phical Jjustification for testing is only peripherally related to the
conceptual basis of the research. The literature critical to the pre-
sent study has been devoted to (1) development of tests for diagnosis of
ditficulties of entering music and music education students {n nonper-
formance areas, (2] the feasibility of the proposed computerized
approach, and (3) criterion-referenced measures.

CERTAIN PRIOR DEVELOPMENTS REGARDING TESTING
IN NONPERFORMANCE AREAS

Ball developed a test measuring responses to elements af rhythm,
melody, and harmony, singly and in combination, to serve as a college
entrance test of music. The items were administered for trial purposes
to equal samples of high musical ability and low musical ¢ébility stu-
dents, with theory grades and teachers' ratings as the basis of abiiity
determination. The final test {tems were selected on the basis of tneir

power to discriminate between the high and low groups, rather than on

F'Paul R. Lehman, "A Selected Bibliography of Works on Music
Testinj," Journal of Research in Music Education, XVII (Winter, 1969),
428-442,

o0
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“he basis of how well they represented expected criterion performance.
Ball's test does not appear to be criterion-referenced when his proce-
dure for item selection is considered.7

Perry constructed a test to be aduinistered to entering freshmen
for purposes of guiding, counseling, placing, and selecting the students
in and for theory classes. After one semester of theory instruction, a
correlation coefficient of .60 was found between scores on seven telec-
ted predictor portions of the Perry test and criterion Scores obtained
from proficiency examinations in theory. Perry's purpose was to meke
a comparison of the abilities of various predictive measures to predict
examination scores rather than comparing observed behaviors with crite-
rion performance.8

Mansur devised a Wind Instrumenta'ist Inventory Scale for use as a

paper and-pencil objective test of achievement related to musical per-
formance. He suggested that it could be administered to entering fresh-
men as a predictive and screening device for céllege and university
instrumental groups. This performance-related test discriminates
between individuals rather than ascertaining the extent to which the

objectives of an institution have been met.9

7Charles Hershel Ball, "The Application of an Empirical Method to
the Construction of a College Entrance Test in Music” (unpublished
dectoral dissertation, George Peabody College for Teachers, 1964},
Dissertation Abstracts, XXVI (July-August, 1965), 404,

Bwilliam Wade Perry, "A Comparative Study of Selected Tests for
Predicting Proficiency in Collegiate Music Theory" (unpublished doctoral
dissertation, North Texas State University, 1965), Dissertation
Abstracts, XXVI (January, 1966}, 3995-3996.

9Paul Max Mansur, "An Objective Performance-Related Music Achfeve-
ment Test" (unpublished doctor's dissertation, The University of
Oklahoma, 1965§
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The Gordon Musical Aptitude Profile, a norm-referenced, published,
10

standardized test of musical aptitude, = was used by Hatfield to diag-
nose tonal and rhythmic strengths and weaknesses in a correlational
study using South Dakota State University band students. The highest
intercorrelations were founi between the "Tonal Imagery" section of the
Gordon test and certain tonal-creative behaviors related to instrumental
performance; the rhythmic results were not as clear. Criterion behav-
fors appropriate to band students apparently were not taken into
account.]]

Edwin Gordon, the author of the Musical Aptitude Profile, main-

tains that the instrument can be used to help college music administra-
tors and teachers in the diagnosis of individual musizal strengths and
weaknesses.]2 In the measurement of nonperfrrmance musical behaviovs
with this norm-referenced measure, hcwever, the comparison is between
observed behavior and norms based pon the test performance of a rep-

resentative sample of subjects. Although this may be of some value,

it is not identical to using a criterion-referenced measure. Further-

more, the use of an aptitude measure such as the Gordon test, designed

V0¢4win Gordon, Musical Aptitude Profile (Boston: Houghton
Mifflin Company, 1965).

}]Narren Gates Hatfield, "An Investigation of the Dfagnostic
Validity of the Musical Aptitude Profile with Respect to Instrumental
Music Performance™ {unpublished doctoral dissertation, The University of
lowa, 1967), Dissertation Abstracts, XXVII (Jaruury-February, 1968},
3210A.

]2Edw1n Gordon, "Implications for the Use of the Musical Aptitude
Profile with College and University Freshman Music Students,” Jdournal of
Research in Music Education, XV (Spring, 1967), 34.
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to predict or forecast over an extended pericd of time, is somewhat
questionable for diagnosis of present strengths and weaknesses in
relation to a current instructional process.]3
Douglas grouped freshman music m jors at the university of Georgia
in the fall of 1964 into a tripartition of high, median, and low.
The high group imm.diately began the study of music theory, while the
median and tow groups received one and two quarters of preparatary
instruction respectively. Douglas found that a greater percentage of
students could ultimately cope with theory as a result of being grouped,

and suggested that the combination of tests be used to make the tripar-

tition, his own test plus the Aliferis Music Achievement Test (College
14

Entrance Level), could be useful for counseling purposes.

The Aliferis test consists of six subtests: "Melodic Elements,”
"Melodic [dioms," "Harmontc Elements," "Harmonic Idioms," "Rhythmic
Flements," and "Rhythmic Idioms." A1l {tems require some form of aural-
visual discrimination, i.e., the student relates what he hears to an
array of visual stimil1i. Such discriminatory skills are helpful in the
study of music theory: the Aliferis test w3s undoubtedly useful in
making Douglas's tripartition. But it 1s a norm-referenced standard-

ized test. The manual carefully presents norms for each section of tn«

]3Robert Glaser, Evaiuation of Instruction and Changing Educa-
tional Models, C.S.E.I.P., Occasfonal Report No. 13 {Lcs Angeles:
Unfversity of California at Los Angeles, Center for the Study of Evalu
ation of Instructional Programs, 1968), pp. 12-13.

]4Char1es Herbert Douglas, "Measuring and Equalizing Music Theory
Corpetence of Freshmen College Music Majors" {unpublished doctoral
dissertation, The Florida State University, 19655, Dissertation
Abstracts, XXyl (February, 1966), 4712.

23
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test, regional norms, natioral norms, and norms for various types of

|
v

institutiOns.] Hence, the students in the Douglas study were compared
with each other. A criterion-referenced measure could have been used
te compare the students with University of Georgia theory standards,
assuming that the standards could have been stated in a manner condu-
cive to the construction of test items.

The tests developed by Ball, Perry, and Douglas are representative
of the usuval measuring instrument constructed for the purpose of meas-
uring musical behaviors of entering students. Test items are selected
on the basis of their powers of discrimination rather tham on the basis
of their relationship to pertinent criteria of performance. No crite-
rion-referenced measure for the purpose of measuring nonperformance
musical behaviors was known to the researcher at the onset of the test

deveiopmert reported herein. There was, however, Signifirant interest

in criterion-referenced testing outside of the field of music.
CRITERION-REFERENCED TESTING

The distinction between criterion-referenced and nom-referenced
tests is made by Glaser in terms of differing kinds of primary informa-
tion obtainable from the two forms of tests. Criterion-referenced

measures provide information regarding the degree to which criterion

V5)ames Aliferis, Aliferis Music Achievement Test (College
Entrance Level) (Minreapol{s, Minnesota: University of Minnesota Press,
1y,
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performance has been attained; norm-referenced measures provide informa-
tion regarding the velulive ordering of individuais in terms of their

6 popham ard Husek clarify the distinction by

observed achievement.
explaining that norm-referenced measures generally imply a concern for
selectivity, while criterion-referenced measures imply a corncern for
competence in an individual or the efficacy of a treatment.]7

Glaser and Klaus discuss critericon-referenced measures in relaticn
to job training. They refer to a continuum of skill at a given task
that ranges from no proficiency at all to perfect performance. The
behaviors which an individual displays during testing of this skill fall
at some point on the skill continuum, and the degree to which these
behaviors resemble desired or criterion behaviors can be assessed by a
criterion-referenced measure. Criterion levels are aiso ordered on a
continuum; they can be established at any point where it is necessary
to obtain information as to the adequacy of an individual's learning.
Specific behaviors expected at a given level of proficiency, such as the
college entrance level, may be identified and used to descrioe specific

tasks which the individual is to perform.]8

1opobert Glaser, "Instructional Technology and the Measurement o
Learning Qutcomes: Some Questions,” American Psychologist, Xvil
(August, 1953}, 520.

]7N. James Popham and T. R. Husek, "Implications of Criterion-
Refe;enced Msasurement," Journal of Educaticnal Measurement, VI {Spriny.
1969), 1-9, T

]8Robert Glaser and David J. Klaus, “Proficiency Measurement:
Assessing Human Pevformance,” Psychological Principles in System
Development, Robert M. Gagne’, &d;tor (aeh York: Holt, Rinehart, and
Winston, Inc., 1952), pp. 421-422,

o
or)
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) The lack of consensus among music educators as to what musical
outcomes are to be experted as a result of instruction does not mean
that criteria for a criterion-referenced test cannot be selected.
! Arbitrary standards may be established by the faculty of a given insti-
tution with regard to their own philosophy, experience, and view of

l music education. Glaser and Klaus state:
. . . .the lack of well-defined system standards does
] not preclude the use of criterion-referenced measures.

Arbitrary proficiency l1evels can be established for
‘ minimum performance. For instance, it is possible to
] select standards in academic training which reflect

decisions as to the least amount of end-of-course com-

ptenecy the student is expected to attain . . .it is
i possible to use the maximum amount of c?grse content
| presented to the student as a standard.

A conceptual basis for criteria and objectives of a criterion-
) referenced test in music may be found in an Interim Report of the MENC
' Commission on Teacher Education, wherein the Commission states certain
competencies that should be displayed by qualified music educators as a
result of their teacher training experience. The Cunmission indicates
that all music esducators should display skills in performance, composi-
tion, and analysis. Of particular importance for the research reported
j herein is the Commission's endorsement of competency in the supervisiocu
and evaluation of the performance of others and competency in tne iden-

‘ tification of compositional devices. The researcher's test of certain

! 961aser and Claus, p. 426.

!
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nonperformance musical behaviors was completed and 2dministered prior to
the appearance of the report; however, future work may draw increas-
ingly upon the Commission's pubHcation.20

Once criteria and objectives related to skills cr competencies are
established, it may be desirable to obtain information about an indi-
vidual's degree of skill or competeicy. Norm-referenced measures do not
provide much information regarding individual degrees of skill or com-
petency; they provide comparisons between a particular individuai's test
performance and the performance or other members of his group.Z]

Norm-referenced tests suggest grouping those who are tested into a
rorme] distribution. Bloom notes that although the normal distribution
is the distribution most appropriate to chance and random activity,
education is a purposeful activity. The distribution of student
achievemant, therefore, should be quite different from the normal
distribution if teachers are effective in their instruction. Relative
standards sre inappropriate if teachers desire to bring all their stu-
dents to a criterion leve].22

Glaser indicates that cr:cerion-referenced tests d» not group stu-

dents into a normal distribution. Such tests provide individual

20ME‘-’-"_ Commission on Teacher Education, "Teache:r Education in
Music: An Interis Report of the MENC Commission on Teacher Education,”
Music Educators Jcurnal, LVII {(October, 1970}, 38-41.

2]

22Benjamin 5. Bloom, "Learning for Mastery," Cvaluation Comment, i
(May, 1968), 2-3.

Glaser and Klaus, p. 422.
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information independen; ot reference to the performance of others
vecause criterion-referenced tests indicate the correspondence between
an individual's observea hehavior .nd an underlying continuum of
achievement.23

Popham and Husek discuss differences between criterion-referenced
measures and norm-referenced measures in terms of item selection; they
state that the writer of norm-referenced measures, in an effort to
promote variant scores fo the purpose of discriminating among indi-
viduals, rejects test iteni that are quite difficult or quite eaty. The
writer of the criterion-reverenced measure is concerned with whether or
not the test items represert the desired class of behaviors.24 The
inappropriateness of deliberately promocing a sprsad of scores when one
is concerned with group achievement of criterion behaviors is also

25 while Cox and Vargas srggest that item

discussed by Glaser and Cox,
selection for a criterion-r:ferenced measure may be more profitably con-
ducted by evaluating items :hrough a pretest-posttest method to deter-

mine the {tems' ability to indicate whether or not instruction benefite]

the student.”® An item with a difficulty index of 0.00 or 1.00 might

23G]aser, “Instructioniil Technology and the Measurement of
Learning Outcomes: Some Questions," 519-520,

24

Popham and Husek, 4,
2500bert Glaser and Richard C. Cox, "Criterion-Ref-. nced Testing
for the Measurement of Educational Outcomes," Instructic:.i Process and
Media Innovation, Robert A. Yeisgerber, editor {Chicago: Rand McNally

and Co., Inc., 1968), p. 549.

26 Richard C. Cox and Julfe S, Vargas, "A Comparison of Item
Selection Techniques for Nomi-referenced and Criterion-referenced Tests"
{paper read at the annual mecting of the National Council on Measurement
in Education, February, 1966, Chicago).

27
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be rejected as nondiscriminating by the writer of the norm-referenced
test, but such an item on a criterion-referenced test may be clear

evidence that a criterion behavior has or has no: been attained.
COMPUTER TECHNOLOGY AND TESTING

The growth and increasing sophistication of computzr technoingy in
recent years has major applications to testing. Entire computer-based
test development systems are feasible, both in schools and industry.
Tests of the criterion-referenced and norm-referenced variety can be
developed, presented, and analyzed at very rapid speeu’s.27

The computerized presentation and analysis of a test initially
constructed off-line (1.e., without a computer) is perhaps less sophis-
ticated than computerized construction of a test from a vast bank of
potential items, but such presentations have bezn successfully devel-
oped. Greer, for example, conducted a pioneering study of the use of a
computer to score and analyze a test and prepar2 a diagnostic report.
He concluded that computerized testing was feasible, and that it

increased efficiency and provided useful basic information at the United

States Naval Examining Center. It was recormended that educators

27.Jack V. Edling, "New Media Applications," Man-Machine Systems in
Education, John W. Loughary, editor (New York: Harper and Row, 1966},
p. 76.
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consider the computer for scoring, analysis, and diagnosis.28 Williams
found the computer to be valuable for individual diagnosis and evalua~-
tion in a reading program.29
Frerch developed @ means of rapidly presenting and scering test
items, sequentially arranged according to difficulty, for vocational
and technical students through the IBM 1050 computerized typewriter
terminal and 1410 computer. HNumerical and verbal items were selected

from the Henmon-Nelson Tests of Mental Ability. Rather than presenting

every item to every student, French utilized an individualized branching
approach. The numerical test items were presented in order of increas-
ing difficulty in increments of eight; i.e., a student was asked to
respond to every eighth item. An incorrect response caused the student
to go back five times in the test program and be presented with every
second item. A second incorrect response branched the student back five
items and presented every item, omitting items that were previously

presented. Four misses out of seven items discontinued the test

program.30

28Harry Holt Greer, Jr., "The Application of a Digital Computer to
Scoring and Analysis of Examinatfons and the Preparation of Diagnostic
Reports" {unpublished doctoral dissertation, The George Washington
University, 1966), Dissertation Abstracts, XXVII (September-October,
1566), 923A.

29611bert Williams, "The Use of the Computer for Testing, Program-
ming, and Instruction,” Research in Education, II1 (May, 1958), 195.

30Joseph L. French, "Numerical and Verbal Aptitude Tests
Adininistered at the CAI Student Statfon," Semi-Annual Progress Report
{prepared by Harold £. Mitzel, et al), Experimentation with Computer-
Assisted Instruction in Technical Education, Project No. 5-85-074.
{University Park, Pa.: The Pennsylvanfa State .niversity Computer-
Assisted Instruction Laboratory, 1967), pp. 5.- 2.

0()
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The items were arranged in a linear order of difficulty in French's
test. The student commenced the test with an easy item and gradually
worked toward the difficult i*ems. An &lternative arrangement was
utilized by Hansen, who programmed test items from a midtarm physics
examination at Florida State University for a computerized presentation.
The student commenced the Hansen test by responding to an item in the
middle of the difficulty scale. A correct response branched the student
to a harder item; an Incoriect response branched the student to an
easier item. The student always moved ahead, but the difficulty of the
next item presented was determined by his response to the present

item.31

A concept of sequential testing is illustrated by the French and
the Hansen tests. In each case, the test {tems are arranged in a
purposeful nonrandom sequence. The use of the computer made it
possible for a student to substantially complete each test by taking
only certain items, depending upon his response history. A computer is
not essential to a sequential test if every student is to respond to
every item; Cox and Graham developed a sequential test based on a
sequence of arithmetic behaviors ordered according to a hierarchy of
difficuity upon which the ability to add two two-digit numerals .nvolv-

ing "carrying” appeared to be based.32

J]Duncan N. Hansen, 'a Investigation of Computer-Based Science
Testing, FSU CAI Center, Semiarnual Progress Report, Report No. 6
{prepared by Duncan K. Hansen, Walter Dick, and Henry T. Lippert)
(Tallahassee, Florida: Florida State Universi.y Computer-Assisted
Instruction “enter, 1968), pp. 59-94.

3224 .hard C. Cox anc Glenn T. Graham, "The Development of a
Sequentially Scaled ichievement Test," Journal of Educationa’ Measure-

O _ment, 111 {Summer, 1966), 147-350
lal{J!: nent ’ v,
30
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In connection with otker research with computer-assisted instruc-
tion, tests have been utilized as part of the instructicnal process to
determine what sections of a computer-assisted course might be of most
benefit to the student. Ffor example, Lippert and Ehlers developed for
computerization a set of test items reflecting competencies which an
entering graduate student in the social science area was believed to
require. These jtems were used to plet computer-assisted irstruction
for the areas of weakness revealed Ly the test.33 Deihl programmed a
diagnostic quiz at the beginning of the rhythm section of a computer-
assisted instruction course in certain skills of instrumental music,
developed with the assistance of the researcher, Based upon the stu-
dent's quiz performance, a decicion was made to branch the student
through one or two remedial sections or to branch him directly to the

rhythm program.34

SUMMARY OF SELECTED LITERATURE

Examination of pertinent literature indicates that tests developed
in recent years to measure entering musical behaviors in nonperformance
areas tend to be useful principally for the separation of entering stu-

dents into groups. Criterion-referenced testing has not been

33henry T. Lippert and Walter Ehlers, Computer-Based Testing, FSU
CAl Center, Annual Progress Report, Report No. 7 (prepared by Duncan N,
Hensen, Walter Dick, and Henry T. Lippert) (Tallahassee, Florida:
Florida State University Computer-Assisted Instruction Center, 1968),
pp. 18-20.

34Ned C. Deihl, Development and Evaluation of Computer-Assisted
Instruction in Instrumental Music, Project No. 7-0760, ERIC HNo.
ED 035 314. {Washington: Office of Educaticn, Y. 5. Department of
"~alth, Education, and Welfare, 1969), p. 22.
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investigated in the area of music. Computer technology may be utilized
for rapid test administration and anulysis; 1t is particularly useful
for utilizing a student's response history in determining which test
items from a sequential test are to be administered. Thus, a conceptral

framework for the present research has been established.

32




CHAPTER 111
MATERIALS AND PROCEDURES

Procedures followed in the development of the test and materials
are discussed in this chapter. The stages of development incltuded the
development and formulation of objectives, development of test items,
empirical trial of test items, programming, and main test administra-

tion.
DEVELOPMENT AND FORMULATION OF OBJECTIVES

Importance of Objectives

The construction of any test is impnssible without some concep-
tualization of what is to be measured. Tests are written because test
authors are seeking to determine whether or not certain expected behav-
fors occur. Consequently, those behavicrs and the means for their
recognition must be specified. In the case of achievement tests, such
behaviors must be related to instruction. Glaser states that it is
mandatory to specify minimun: levels of achievement which indicate the
minimum Jevel of competence a student should display at any crucial

1

point in an instructional sequence.  Glaser and Klaus maintain that the

specification of behavior which is to be observed and measured is the

]Robert Glaser, "Instructional Technology ind the Measurement of
l.earning Qutcomes: Some Questions," American Psychologist, XVIl
(August, 1963), 520.
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initial step in the development of a measure of proficiency.2 Lindvall
stresses that any plan to assess achievement must begin with a clear

3 Regarding what he perceives tu be a

specification of objectives.
beginning revolution in education, particularly in regard to individu-
alization of instruction and concentration upon mastery of learning
rather than discrimination among learners, Mitzel i:idicates that
achievenent tests need to be keyed to course objectives, stated in

4 Kibter, Barker, and Mites believe that test pre-

behavioral terms.
paration is simplified when evaluative measures are designed to measure
the success of iastruction in terms of behaviors identical to those
specified in objectives.5 Lehman maintains that the most important
part of test con-tructicn 1s clearly d:fining the objectives of the
test.ﬁ The test that was developed is criterion-referenced; Leonhard
and House state, ". . .the only criteria applicable to the music

7
program are the objectives."'

2Robert Glaser and David J. Klaus, "Proficiency Measurement:
As:essing Human Performance," Psychological Principles in System
Development, Robert M. Gagne, editor (New York: Holt, Rinehart, and

Winston, Tnc., 1862), p. 430.
3.
€. M. Lindvall, Measuring Pupil Ach1evement and Aptitude (New
York: Harcourt, Brace—_Sﬁﬁ“Hor a Inc., ¢ p. 12,

4Harold €. Mitzel, "The IMPENDING Instruction Revolution," Phi
Delta Kappan, LI (Apriil, 1970}, 438.

5Robert J. Kibler, Larry L. Berker, ar 1 David T. Miles, Behav1oral
Objectives and lnstruction (Boston: Allyn and Bacon, Inc., 19707, p. 13.

6Paul R tehnan, Tests and He Measurements 1n n Music (Englewoocd Ci{ffs,
Hew Jersey: Prentice-;.al1, Inc., 1968), p. 79

Irharies teonhard and Robert . House, Foundations and Principles
g>-1%§jc Education (New York: McGraw-Hill Book Company, Inc., 19
6
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The formulation of cbjectives related to instruction appears to be
the necessary first step in test construction; prominent writers call
attention to the importance of objective construction, and appropriate
objectives seem valuablec as tools for the conceptualization of what is
to be mezsured as well as statemznts of criteria for the development of
a criterion-referenced test. ("Instruction" here is used to represent
the sum of musical input received by the student prior to the commence-
ment of test administration, and is not timited to a particular amount

of input from any formalized course situation.)

Selection of Objectives

Preparatiun of behavioral objectives checklist. To simultaneously

state valid objectives fo undergraduate students in music education
and celineate criteria to determine the extent of wttainment ot the
objectives, a checklist of forty-two objectives written in the form,
"Given ____, the student will be able to _»" was prepared
and distributed by the researcher to faculty members of the Department
of Music Sducation and graduate students in music education at The
Pennsylvania State University during the summer terr of 1969. The
forty-two statements of behavioral objectives were relataed to the fol-
lowing arbitrarily selected nonperformance musical behaviors:

Aura) recognition and identification of melodic intervals.

Aural recognition and identification of harmonic intervals.

Aural recognition and classificatien of major, minor,

augmented, and diminished triads.
Insertion of missing notes into visual notational displays

. of aurally perceived melodies.
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Insertion of missing notes into visual notational
displays of aurally perceived harmonic sequences.

Recognition of harmonically correct parts to complete
four-part harmeonic passages.

Construction of harmonically correct parts to complete
four-part harmonic passages when one part is missing.

Recognition and location of aural-visual rhythmic
discrepancies.

Selection from arrays of explanations of appropriate
explanations of incorrectly performed rhythmic patterns.

Recognition and location of incorrectly notated
measures for given meter signatures.

Selection of the members of pairs of examples that are
performed "better" when "better' refer: to tavered phrase
endings, dynamics, appropriateness of breathing, or appropri-
ateress of articulation style,

Indication of the appropriateness of overall interpreta-
tion of examples and identification of inappropriateness as
being due to inappropriate tempo, inappropriate articulation,
exces;sive rubato, lack of rubato, or inappropriate dynamics.

Classification of examples as being representative of
Medieval, Renaissance, Barogue, Classical, Romantic, or
Modern Periods,

Selection of the members of pairs of examples containing
ornamentation (trills, grace not.s, mordente, grupetti) that

are performec in the more appropriate style.

3b
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Three hehavioral objectives, varying in the size of the array of
rhoices available to the student and/or the number {five, ten, or
twenty) of twenty examples to which the student was to respond cor-
rectly, were constructed for each behavioral area. Respondents were
asked to indicate whether they believed each objective to be appropriate
for freshman musi¢ education majors, seniors, both groups of students,
or neither group. The original research proposal had caltled for
separate sets of items for entering students and students near gradu-
ation; theref-re, thare were separate “freshman" and "senior" cate-

gories,

Analysis of the checklist. Perhaps the checklist (to wnich six

faculty members and twenty-nine graduate students responded) would have
veen more useful had the respondents been asked to rate each objective
as "appropriate" or "inappropriate" for "music educatfon students."
Respondents seemed to have difficulty classifying according to freshmen
and senfors.

Further difficulty in analyzing the checklist was experienced when
statistical tests were considered to seek any trends in the data for
each obJective. The x® one-sample test, originally plarned, was aban-
doned because it shows only that observed frequencies do or do not
deviate significantly from expected frequencies; what the expected
frequenciss shauld be was not ciear. The Kolmogorov-Smirnov one-semple
test was applied to the graduate students' data for each objective by
ordering the four categories of responses on a difficulty continuum
running freshmensboth+seniors+neither, but the abandonment of this

statistical test appeared advisable because, although significant

37
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deviations from expected cumulative frequencies were revealed, particu-
tarly when "senior" and "neither" categories were heavily checked,
considerable doubt was raised about the appropriateness of ordering
essentially discrete data on a continuum. Respondents may have differed
widely in their interpretation of the "both" and "“nefther" categories;
they mav not have checked them in terms of difficulty. The applicution
of a binomial test to each objective by formulation of dichotomies of
"most frequent response-all other responses" was believed to show ény
strong trend to one category where such a trend existed, but the swall
size of the faculty "sample" made the test inappropriate for that group.

Faculty opinion of any proposed objective was considered to be of
prime importance. it was decided to reject any objective that two «r
more faculty members had checked as being inappropriate for either
group. Objectives thus rejected totalled eleven; all rejected obje:-
tives had asked the student to respond correctly to twenty of twenty
items. None of the fourteen categories of nonperformance musical berav-
jors was completely rejected; i.e., in no case were all three objectives
formulated for a particular area checked as appropriate for neither
group.

Qualitative analysis of faculty and student feedback was more
illuminating than the attempts at statistical analysis. One frequent
point raised was the difficulty of judging the appropriateness of an
objective without seaing and hearing the test items to be assoc‘ated
with the objective. Some faculty members questioned whether the tradi-
tional tasks of interval apd triad recognition were really indicative of

any desfrable competencies for music educators.
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Choice of objectives. No behavioral area was completely rejected,

and, to 3 certain extent, final judgment of the appropriateness of an
objective apreared to depend upon the resultant test items. The behay-
ioral objectives checklist and the behavioral areas upon which the
checklist objectives had been based were reviewed; the following non-
quantitative objectives for music educa’ion students were stated to
srovide a basis for item construction:
1. The music education major should aurally recognize
and identify melodic intervals,
2. The music education major should aurally recognize
and identify harmonic intervals.
3. The music education major should aurally recognize
and classify major, minor, augmented, and diminished triads.
4, Tke music 2ducation major should {nsert missing
notes into visual notational displays of aurally perceived
melodies.
5. The music education major should recognize and
locate aural-visual pitch discrepancies in four-part harmonic
passages,
6. The music education major should recognize and
locate aural-visual rhythmic discrepancies.
7. The music education major should select from arrays
of explanations appropriate explanations of incorrectly per-
formed rhythmic patterns.
8. The music educatfon major should recognize and
locate incorrectly nctated measures for given meter signa-

QO tures.
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9, The music education major should select the members

of pairs of examples that are performed 'better" when "better"

refers to tapered phrase endings, dynamics, appropriateness

of breathing, or appropriateness of articulation style.

10. The music education major should identify and

classify {nappripriateness of interpretation when the

inappropriateness is due to inappropriate c.mpo, inappro-

priate articulation, excessive rubato, lack of rubato, or

inappropriate dynamics,

1. The music education major should classify examples
as being stylistically representative of the Baroque
Classical, Romantic, or Modern Period.

12. The music education major should classify examples

as being stylistically representative of acid rock, soul,

country-western, pop standard, "bubble gum", folk, folk

rock, or bjues.

In its Interim Report, the MENC Commission on Teacher fducation
presented a broad list of musical competencies, including skills in
performance, compositicon, and analysts, which should result from a total
undergraduate progrim in music education. The objectives stated above
are all conceptually germane to one or more of the competencies sug-
gested. by the Commission. Objectives one, two, three, four, and five,
for example, may be ceemed relevant to the Commission’s call for cou-
petency in the identification of compositional devices and the organi-
zation of sounds for personal expression. Relevancy is apparent between
the Commission's deciaration that music educators need to be effective
Hn tne supervision and evaluation of the musical performance of o_.hers
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and objectives five, six, seven, eight, nine, and ten. Numerous other’
relationships may be eryidenced upon comparison of the objectives and
the Commission's report.8
The 1ist of objectives was aot intended to cover comprehensively
the universe of nonperformance musical behaviors; it was intended to
provide a working 1ist of expected behaviors upon which to build test
items. The ambiguity which results from the lack of numerical criteria
and indication of a t’me and place at which the behavior should occur
is intentional. The test which was constructed measures, within each
area tested, the degree to which, in terms of the number of items on a
scale ordered in empirically established difficulty levels, a behavior
is mastered. Prior to receipt of an undergraduate degree in music
education, at some point in time, a music education major, in the
opinicn of the researcher as substantiated by members o¢ a music educa-
tion faculty, ought to display the behaviors listed. The crit_rion-
referencing of the test derives from the construction of items in refer-
ence to expected behaviors, rather than from specific course objectives
or a series of behaviors prerequisite to a criterion behavior. For

research purposes, it was deemed sufficient to construct test items in

relation to the list.

8MENC Commission on Teacher Education, "Teacher Education in
Music: An Interim Report of the MENC Commission on Teacher Ecucation,”
Music Educators Journal, LXII {October, 1970), 39-41.
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DEVELOPMENT OF ITEMS

Selection of Musical Materials

Musical materials selected for item construction included melodies
chosen from pedagogical and orchestral 1iterature, cnorales, and
recordings of various styles of music. Although selacticn of material
was made with its usefulness for future test items in mind, no particu-

lar musical example was selected for any particular test item.

Item Construction

Appropriate musical excerpts were examined in light of objectives.
In a broad sense, all test items ask the student either to classify or
to detect a discrepancy between what he sees and what he hears. There
was a conscious effort to vary the difficulty of items within each
section, A variety of instruments was utilized for recc, Jing; length of
excerpt and apparent saliency of aural-visual discrepancies were varird.
Thirteen groups of test items were constructed and prepared for empir-
ical trial. Scales of twenty items each were planned for computeriza-
tion, but, in the initial construction stage, an excess of {tems was
developed to increase the 1ikelihood of obtaining satisfactory twenty-

-jtem scales.

Meloditc intervals. The melodic intervals gr0up9 consists of

seventy-eight pairs of successive tones played on piano, c¢larinet,
bassoon, baritone, tuba, flute, oboe, bass clarinet, horn, alto saxo-

phone, cornet, or trombone. The unison, minor second, major second,

gHereafter referred to as the MI group.
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minor third, major third, perfect fourth, tritone, perfect fifth, minor
sixth, major sixth, minor seventh, major seventh, and perfect octave
appear six times each, with the lower tone of the pair occurring once

within each of the octaves C, - C, C - ¢, c-¢', c' -c",
C|||| 10

c¢" -c¢'", and
c'" - In all cases the lower tone is played first., The stu-
dent's task is to choose the name of tne interval from an array of

twelve names. Ho musical notation is viewed by the student.

n

Harmonic intervals. The harmonic intervals group ' is similar to

the MI group. The identical intervals are utilized, played simulta-
neously, presented in a different order, and performed with different

instrumentation. Again, the stimulus is aural,

Triad classification. Major, minor, augmented, and diminished

triads are pre-ented it the triad classification group.12 The four
types of triads appear in root position, first inversion, and second
inversion with the lowest of three tones occurring once within each of
the octaves C - ¢, ¢c - c¢c', ¢' - ¢c", and ¢" - ¢'". The forty-eight
triads are played on pifano or with various combinations of three wind
instruments utilizing flute, clarinet, oboe, bassoon, alto saxvphone,
bass clarinet, cornet, horn, trombone, baritone, or tuba. The stiudent
taking the test views no notation; after hearing a triad he is asked to

indicate whether the triad is major, minor, augmented, or diminished.

10This notation 1s in accordance with that used in Robert W,
Lundin, An Objective Psychology of Music (2nd ed.; New York: Ronald
Press, 1967}, p. 19.

ki

Hereafter referred to as the Hl group.

Q V2yereafter referred to as the TC group.
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13 requires the student to

Omitted notes. The omitted notes group
foltow the musical notation while he listens to a performance of the
musical excerpt. One note is missing from the notationai display; the
"omitted" note is replaced by a questicn mark. After he hears one of
the seventy-three ON items, the student is asked to choose from an array
of four notes the note which represents the pitch he heard at the

location of the question mark. Examples of ON items are found in

Appendix A.

Erroneous notes. Four part chorales are used in the erroneous

notes group]4; there are eighty items in the item pool. Each chorale is

performed by a woodwind group, a brass group, or a pianist. Onc 1.ate is
performed incorrectly in seventy of the EN items, and th- studerc s
asked to indicate which one of four circled notes on the notaticnal
display is incorrectly performed. Ten {tems ask the student to Choo0se
from the entire display. Errors vary in assumed difficulty of d-tuction
from incorrect pitches that disagree with the key signature to changed

doublings within triads.

Rhythmic cCiscrepancies. Changes from notated rhythm occur vwithin

a measure in the seventy-three items comprising the rhythmic discren-

15

ancies group, The student indicates the number of the neasure con-

taining the discrepancy, if any, between his aural and visual input.

1
14

Hereafter referred to as the ON group.

Hereafter referred to as the EN group.

15Hereafter referred to as the RD group.
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Rhythmic errors include interchanged note values, omitted rests, incor-
rectly performed patterns, and doubled or halved note values. Piano

and a variety of wind instruments are used to perform the items.

Overall rhythmic_inaccuracies. The overall rhythmic inaccuracies

.J-mup]6 differs from the RD group; in an QRI item, the rhythm problem

occurs over more than one measure. The tempo or a pattern may be con-
sistently distorted. Certain items contain no inaccuracies. Conven-
tiona) multiple-choice format is used for the seventy-three items; the
student chooses his answer for each item from an array of four explana-
tions of the rhythmic inaccuracy. Appendix A contains examples of ORIl

items.

Incorrect measure for signature. A strictly visual incorrect
17

measure for signature group ° asks the studer* to study four-measure
patteras written in one-line rhythmic notation and, for eighty items,
select the one measure, if any, that contains an incorrect total of

counts for the given meter sinnature.

Better phrasing. 1wo versions, labelled "A" and "B", of each of

seventy-three melodies are presented to the student in the better

18 The notatfon 1s displayed to the student; wind

phrasiny group.
instruments are used for the performance. The student's task is to

indicate whether the "A" or "B" version is phrased btetter, or to

L]

]6Hereafter referred to as the EN group.

]7Hereafter referred to as the RD group.

‘BHereafter referred to as the ORI group.
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indicate that there is no substantial difference. Most items do contain
a difference; one version contains an abruptly terminated note or an
unnatural interruption of the musical flow caused by inhaling at an

improper time.

Faulty interpretation. In a group of seventy-three faulty inter-
19

pretation ° items, a melody is performed on a wind instrument or piano
while the student follows the notatiun., In the manner of printed music,
the visual display contains certain information about tempo, dynamics,
and style in addition to notation. From an array of four explanations,
the student is asked to choose the one that best explains what is wrong
with the performance he is hearing. The "fau..iness" of any givaen
interpretation may be Jue to lack of observance of dynamic levels ard
changes, incorrect articulation style or pattern, choice of a tempo not
in agreement with the tempo marking, or excessive (or insufficient)
rubato. Examples of FI items may be viewed in Appendix A.

Questions might be raised regarding the testing of the recognition
of faulty interpretation because interpretation is likely to be rather
subjective and personal. Tiie researcher shares Hoffren's view that
there are certain broad limits to acceptable interpretation. Teachers

are expected to guide the interpretation of their students along cul-

turally sanctioned 1ines.20 When the music clearly indicates certain

]gHereafter referred to as the FI group.

203mes Hoffren, “A Test of Musical Expression,” Council for
Research in Music Education, Bulletin No. 2 (Winter, 1364}, 32.
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guidelines regarding tempo, dynamics, or articulation, there are devia-
tions possible to an extent which couvld be classified, albeit subjec-

tively, as faulty interpretation,

Historical classification. A total of sixty-seven excerpts from

recordings are in the historical classificaiion group.21 In one ver-
sion, the student is asked to indicate which one of four given years is
the best estimate of the year of composition of the excerpt he 43
hearing.22 In the other version, the terms Baroque, Classical, Roman-

23 other examples are included

tic, and Modern are used in lieu of years;
in Appendix A.

Popular classification. The popular classivication group24

requires the student to classify the excerpt he hears as being repre-
sentative of acid rock, soul, folk, country-western, pop standard,

“bubble qum", or folk rock styles.

Broad categories. \lhen the proposal was written, three broad cate-

gories of items were proposed: pitch, rhythm, and interpretation. The
category of style was added after submission of the proposal. Item con-
struction, when ccaciuded, yielded five groups in the pitch category

{MI[, Hl, TC, ON, and EN), three groups in the rhythm category (RD, ORI,
and 'MS), two groups in the interpretation category (B8P and FI) and two

groups in the style category {HC and PC).

2]Hereafi.er referred to as the HC group.
22
23

24

ilereafter referred to as the HC(Y) groun.
Hereafter referred to as the HC{L) group.

Hereafter referred to as the PC group.
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PREPARATION FOR EMPIRICAL TRIALS AND PROGRAMMING

Cards. Item construction was, at first, largely conceptual. All
materials had been selected and the content of the test stimuli deter-
mined, but it was believed necessary to have separate, discrete records
of the test stimuli. The test questions with their answer arrays, the
contents of the tapes in notation, and the content of notational
displavs were placed on 5 x 8 cards. This lengthy quasi-clerical
process was justified because it would facilitate recording and manipu-

lation o~ item order.

Recording. With the exception of the IMS group, all item froups
required aural stimuli. 71he HC and PC excerpts were made via a Bogen
model B61 phonograph on a Wollensak model T-1980 tape recorder. The
other items were recorded using an Electroveice dynamic cardioid micro-
phone, model 676, and a Yollensak modet T-1380 tape recorder. Scotch
175 tape was used All aural stimuli were recorded monauraliy on the
left channe)l. The right channel was kept clear for the future addition
of segments of 400 hz toae; these tones function as sianals to the
computer in the audio assembly process that is part of the construction
of software for the IBM 1500 Instructicnal System utilized in this
study

The order of items within each group was rancomized with the aid of

25

random number tables. Tape recordings were made at the convenience of

the performers; i.e., all the clarinet excerpts were recorded together,

25Jerome C. R. Li, Statistical Inference, I (Ann Arbor, Michigan:
Edwards Brothers, Inc., 1964), pp. 589-598.
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al  the piano rxcerpts were recorded together, etc. It was necessary
to arrange the tapes into the proper random order through extensive

splicing.

EMPIRICAL TRIALS OF TEST ITEMS

Necessity to Establish
Ttem Difficulty Indices

Arrangement of the items within each section into a scale ordered
according to item difficulty was necessary to provide the bases for the
sequential or incremental aspects of the test. If item n+ 1 is more
difficult than item n, the assumption can be made, theoretically, that
the student who answers item n + 1 correctly will also answer item n
correctly. Conversely, the student who is unable to answer item n cor-
rectly may be assumed unable to answer item n + 1 ~orrectly. Sirce the
test under development was planned to be incremental, i.e., every stu-
dent would not receive every test item, such assumptions were necessary
for a scoring procedure.

A conscious effort was made to vary the difficulty of items within
each sectfon. Range, instrumentation, and appareni conspicuity of the
error were manipulated. Nevertheless, the qifficulties of the completed
items were unknown. Any attempt to order {items according to difficulty
would have been made on the basis of the researcher's personal estimate
of item difficulty figures. Therefore it was—neéessary to administer
each potentfal test item to undergraduate music education students to

obtain an empirical estimate of item difficulty.

49



4

Preparation of
Paper-and-Pencil Forms

A separate set of paper-and-pencil forms was prepared for each test
section. Included in a set of forms were the response forms and, when
necessary, notation sheets coataining the notated musical examples to
which the students were top listen. Conventional ditto masters, a type-
writer, and a ballpoint pen were utilized. The staff lines were placed
on a blark master with a typewriter. MNotation was drawn freehand, with
the aid of an ordinary ruler. All alphameric iiaterial, other than tempo
markings, dynamic markings, and meter signatures, was typed. With the
exception of the EN notation sheets, the end products were considered

legible and adequate for the empirical trials.

Administration of 1tems

A total of 920 test items was constructed. The number of items
made it impossible to administer each item at The Pennsylvania State
University in the course of one term of ten weeks duration. A total of
thirteen discrete periods of time, one period per test section, would
have been an unreasonable disruption of normal instructional activity
in music education classes, so thirteen other Pennsylvania institutions
offering an undergraduate curriculum in music education were contacted
and requested to provide time and students.

Of the thirteen institutions, six were able to offer the desired
assistance, including Westminster College (New Wilmington), Carlow
College {Pittsburgh), Buckrell University (Lewisburg), Susquehanna
University (Selinsgrove), Temple University (Philadetphia), and

Mansfield State College (Mansfield). Items were administered at those
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six institutions and at The Pennsylvania State University. Because of
the difficulty of making scheduling arrangements. it was not possible to
conclude thie empirical administration of test items in the desired ten
weeks; rather, it took approximately four months.

The propriety of establishing item difficulty indices at institu-
tions other than The Pennsylvania State University, the institution for
which the computerized test was being developed, may be questioned. If
the item difficulties established as a result of testing at other insti-
tutions WEre grossly divergent from item diffi ‘1ties that would have
been established at Penn State, the scaling of items according to diffi-
culty could lead to highly undesirehle results. A strong difference in
the relative ordering of 1tems administered tc Penn State students and
adinfnistration to students elsewhere would be particularly discon-
certing. This problem, however, was partially alleviated by calculating
~oefficients of rank-order correlation between the two orders of diffi-
culty obtained for any subtest administered at different institutions.
Highly significant coefficients (p's > .B5) were interpreted as being
indicative of necessary amount of consistency in difficulty rankings
between two groups.

Administrations were conducted from the end of January to the end
of April, 1970. In each case test forms and, when necessary, notation
sheets were distributed. Tape recordings were played on a Wollensak
T-1930 machine through the machine's internal speakers. The same
machine was used at all locations. Each test form had a code number.
Each student, identifying himself only by the code number of his test

form, completed a data card by providing information regarding his

O
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institution, class standing, principal performing background, and cur-
riculum. The purpose of the test was explained to the students; the
point was stressed that the test itself, rather than the students, was

being tested.

Melodic intervals. The MI test was administered to twelve students

at The Pennsylvania State University on April 24, 1970 and to twenty-
four students at Temple University on April 27, 1970. Each interval was
played twice in anticipation of a repeat option that would be programmed
into the computerized version of the final test. The tone quality of
the tape appeared adequate for the purpose. Students at each location
tended to feel that the MI test was rather easy; this was eventually
suppoited by ftem difficulty data which showed a sparsity of difficult
(p < .30)26 items. Perhaps there would have been more difficult items

if some intervals had been presented in descending order.

Harmonic intervals. On April 24, 1970 the HI test was administered

to twelve music education students at The Pennsylvania State University.
Twenty-one [emple University students had the test administered to them
on April 27.11970. Fach interval wss played twice. The HI test was
apparently considerably more difficult than the ML test; there was a
sparsity of easy (p > .70) {tems.

—— —— e e

26A proportion of students equal to or less than .30 answered
the ftem correctly. Item difficulty figures throughout this research
were computed, in the conventional manner, by dividing the number of
correct answers to each item by the number of students attempting each

{tem. See G. P. Helmstadter, Principles of Psychological Measurewent
(New York: Appleton-Century-Crofts, 1964}, p. 163.
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Triad classification. Twenty-three undergraduate music education

students at The Pennsylvania State University received the TC test on
February 20, 1970; another twenty-one students at Susquehanna University
received the test on February 26, 1970. Each of the forty-eight triads
was repeated once. The tone quality of the tape was generally satis-
factory, but the less-than-perfect ensemble of the amateur performance
caused some distraction. Some of the more difficult triads were made
more difficult by recording them at close spacing with combinations of
instruments such as horn, trombone, and tuba. These combinations were
occasionally found to be annoying to students. Perhaps the instrumenta-
tion occasionally made some triads, although legitimate, unrealistic in

the context of traditional homophonic music.

Omitted notes. Two groups, one consisting of thirteen students and
the other of nine students, were administered the ON test in a morning
and afternoon session at Westminster College on January 26, 197¢. The
ON test was also administered to twenty-eight students at Carlow College
on february 16, 1970. As in the other tests in the broad area of pitch,
the ON test was administered with each tape recorded item being played
twice. The quality of the nolation sheets and the tape recordings
appeared gquite adequate for the purpose. Most students seemed to feel
that it was unnecessary to repeat each item, but they welcomed the

repetition of the more difficult items.

Erroneous notes. The EN test was not successful. It was adminis-

tered to fifteen undergraduates in music education at Bucknell Univer-
sity ¢n February 23, 1970. Fifteen students were considered to be an
o radequate sample for the purpose of establishing item difficulty

Toxt Proviaed by G 5 3



45

indices; the administration of the EN test was never repeated because
the tape and, to an extent, the notation sheets were not adequate. All
EN items are chorales, and they were performed by a pianist, a woodwind
group, and a brass group. In spite of extensive recording sessions, the
ensemble performances, particularly those prepared by the brass group,
were inadequate. Error detection was further complicated by the sheer
length of the test; it prcbably would have been better to have con-
structed fewer EN items, It was believed that the time necessary to

revise the EN test could be spent more profitabiy with other tests,

Rhythmic discrepancies. Thirty students at The Pennsylvania State

University received the RD test on February 5, 1970. The tape and
notation sheets were adequate, but there was a problem caused by
unintentional prompting. The student's task in the RD test is to follow
the notation and indicate the number of the measure where what he hears
is in rhythmic disagreement with what he sees. Since there is only one
answer, once a student detects a discrepanzy he can immediately indicate
the measure. Ouring the administraticn on February 6, a few students
tended to respond because other students did; if a pencil moved during
measure n of the performance, other pencils automatically followed.
Instructions should have been given to wait until the music stopped
before answering the item. Of course this would not be a problem in the
final computerized, individualized version, but some results of the
empirical trial may have been contaminated. Again, it was believed to

be better to spend on another test the time nceced for retrial of the

RD test.
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Overall rhythmic inaccuracies. Temple University was the site of

the administratiun of the ORI test on April 27, 1970. Tha administra-
tion appeared to go smoothly; directions were clear, and tapes and
notation sheets were adequate. There were no complaints from the
twenty-five students regarding the amount of time required to answer the

questions or the nature of the questions.

Better phrasing. The BP test was administered twice. On

February 27, 1970, it was administered to twenty students at The
Pennsylvania State University; the second administration was to ten stu-
dents at Mansfield State College on April 28, 1970. The notation sheets

and tapes were adequate.

Faulty interpretation. No unforeseen problems occurred during

administration of the FI test on February 20, 1970 and February 26, 1970
to twenty-two students at The Pennsylvania State University and to
twenty-one students at Susquehanna University, respectively. The issue
of subjectivity was not raised by the students; there appeared to be
ample time to answer the questions. Quality of the notation sheets and

the sound reproduction were adequate for the purpose.

Historical classification. The HC(Y) version was administered at

Carlow College on February 16, 1970. The thirty-one students generally
enjoyed the test; there were no difficulties with the test materials.

The HC(L) version was administered to twenty-six students at
Susquehanna University on February 27, 1970 and to thirteen students at
The Pennsylvania State University on April 3, 1970. There were no

difficulties.

A
o
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The HC(L) version of the HC test asks the student to choose a
Tetter to indicate his classification of each musical excerpt as repre-
sentative of the Baroque, Classical, Romantic, or Modern Period. The
HC(Y) version asks the student to choose from an array of four years the
one he believes is the rast likely date of the excerpt's composition.
When the results of the empirical trials were examined and twenty-item
scales were selected from the HC(Y) and HC(L) item pools, it was found
that substantially different items were selected. Items that were
relatively difficult in one version were relatively simple in the other
version. It may be possible to conclude that students have processes
for classifying excerpts by years that are different from their
processes for classifying identical excerpts by musical periods. The

HC{L) version was chosen for future use as a H( test.

Nonadministered tests. Time became a crucial factor; two tests

were never administered. The PC test was developed after consultation
with an experierced radio and television man, but the categories of acid
rock, soul, folk, country-weste-n, pop standard, "bubble gum," and folk
rock may not be ample. Rock music is often difficult to classify into 3
discrete category; many examples are "hybrids" - stylistic indicators of
two or more styles may be present. the Music Educators Journal's

extensive treatment of youth music27 suggests that perhaps the PC test

is in need of some conceptual revision pricr to any administration.

27.*lusic Educators Natfonal Conference, "Youth Music - A Special
Report," Music Educators Journal, LVI (Movenber, 1963), 43-74.

ERIC
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The IMS test was also unadministered. Unlike the other tests, the
IMS test contains no aural stimuli. Consequently, as time became

crucial, it was given a lower priority than the othar rhythm area tests.

Postadministration Analysis

Data analysis. Details of the data analysis will be reported in
the succeeding chapter. An item difficulty index was computed for each
item by dividing the number of correct responses to each item by the
number of respondents attempting the ftem.

Using the difficulty indices as a guide, a twenty-item scale was
selected from the pcol of ijtems for each test. The responses given by
each student who participated in the testing sessions were written as a
series of coded answer strings, one string per student. Then, a hypo-
thetical answer string was written for each student, based upon the
responses the student gave to items that would have been presented to
the student in accordance with the programming strategy had the student
taken the test through the 18M 1500 Instructioral System. Items that
would not have been presented in the computerized version were coded as
incorrect responses if they were higher in the scale {i.e., closer to
item 20) than the highest presented item answered correctly. Items not
presented that were lower in the scale than the highest presented ijtem
answered correctly were coded as correct responses. £ach student's
string of actual correct and incorrect responses to the selected items
for each test was compared with the hypothetfcal string of responses
that would have resulted from the student answering identically the

items presented through a computerized version of the test.

[
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The comparison of answer strings served as a basis for the compu-
tation of doscriptive statistics which showed in various ways rela-
tionships between the empirical trial and proposed computzrized versions
of the test segments. A product-moment correlation coefficient showed
the size and degree of relationship between the actual number of correct
responses on the selected twenty-item scale for each student and the
hypothetical number of correct responses that would have been attributed
to each student based upon the programming strategy. An "accuracy"
figure was computed by subtracting the number of mispredictions of stu-
dent responses resulting from the programming strategy divided by the
number of possible predictions from 1.00. A correlated t test was
apolied to the distribution of N difference scores, i.e., the actual
number of correct responses subtracted from the hypothetical number of
correct responses for each student on each twenty-item scale. The null
hypothesis was that the mean of the actual-hypothetical differences was
not significantly different from zero. A rank-order correlation figure
was computed for twenty-item scales selected from tests which were
administered at more than one campus to show the relationship of item
difficulties at the two locations. These data will be reported in the

21lowing chapter.

Selection of tests for programming., Nine tests were developed and

administered to samples large enough to provide meaningful data, but the
number of tests to be programmed was limited to four. The amount of
time expended on the item davelopment and empirical trial stages was far

greater than originally anticipated. Furthemmore, a test l1imited to

O
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four sections would fit concisely into the 75-minute class period at The
Pennsylvania State University, and more detailed analysis could be dore
with fewer tests.

The original commitment, through the propocgl funded oy the U. S.
0ffice of Education, was to develop a prctotype computerized, criterion-
referenced test which would purport to measure certain nonperformance
musical behaviors in the broad areas of pitch, rhythm, and interpreta-
tion. The area of style was added to the overall design after submis-
sion of the proposal. 1t appeared logical that the tests selected for
programming should represent each area.

The ON test was selected to represent the pitch area. [t seemed to
be the most musically interasting of the pitch tests because the items
were melodies rather than isolated tonal stimuli.

The ORI test was selected to represent the rhythm area. Of the two
rhythm tests that were administered, the ORI test appeared to have the
greater strength: The scale of difficulties yielded more nearly equal
intervals.

The FI test was selected to represent the interpretation area.
Taking the test seemed to require a broader range of thinking than the
BP test, and the empirical trials of the FI test jad been quite satis-
factory.

The HC test, in the HC(L) version, was selected to represent the
style area. The HC(L) version was the one that had been successfully
administered to students at The Pennsylvania State University; the low
rank-order corretation of difficulty rankings (p = .53} between the
HC(L) and HC{Y) twenty-item scales indicated, in part, that the two

l}[{j}:s of the HC test were rather different.

IToxt Provided by ERI
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For a more detailed explanation of the selection process, the

reader is referred to Appendix F,

PROGRAMMING THE COMPUTERIZED TEST

IBM 1500 Instructional System

The medium for presenting the computerized test was the 1BM 1500
Instructional System, housed in the Computer-Assisted Instruction Labo-
ratory of The Pennsylvania State University. The self-contained system,
operational at Penn State since January 1968, is designed for individu-
alized instruction; its capacity for rapid access and coordination of
stimuli and rapid processing of student responses makes the system
useful for testing.

Central to the 1500 System is the IBM 1131 Central Processing Unit
which provides active storage for all system data. A vast amount of
additional data may be brought into the central processing unit from
disk cartridges mounted on IBM 2310 Disk Storage Drives. In addition to
controlling the processing of data, the central processing unit controls
the physical operation of the other components of the IBM 1500 Instruc-
tional System, inciuding a card read punch, a printer, and the com-
ponents of the student instructional statinons,

The student instructional stations, also referred to as terminals
or stations, consist of a cathode ray tube screen (CRT), & typewriter
keyboard, an image projector, a 1ight pen, and an audio unit. The con-
ventional arrangement of the instructional station places thz CRT
mounted atop the typewriter directly in front of the seated student.

The image projector is to the left of the CRT; the light pen is to its

Q "
*jght. The audio unit is above the RT.
EMC g un
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The CRT resembles a television screen. Sixteen horizontal rows and
forty vertical columns may be coordinated to provide a total of 640
positions in which aplhameric characters or special symbols, such as
musical notation, may be displayed. Characters most frequently appear
on the screen as white on a dark blue background., Test questions and
answer areas for the test reported herein are always displayed on the
CRT.

Students taking the test answer questions by firmly pressing the
1ight pen to a 1ighted area on the CRT coded to the answer of their
choice. The light pen receives light from the screen and transmits the
location of the student response to the system which then takes the
action for which it has been programmed, e.g., scoring a response,

Although the typewriter may be used for input of student responses,
in the current test the typewriter is used only for initial student con-
tact with the computer ("signing on") and occasionally changing the
uwisplay on the CRT.

The image projector, c¢ontaining a 7.5 by 9-inch screen on which
photographic images may be shown, is used for all displays of musical
notation. Image cartridges containing 16rm film may contain as many as
1,000 discrete photographs. The system has the capacity to access
individual image frames at the rate of 40 frames per second; therefore,
any particular combination uf notational displays could be arranged in
a desired program sequence with no necessary consideration of image
access.

Headphones connected t2 the audio unit are used to present aural
stimuii. Tape cartridges mounted in audio units may contain as many as
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two hours of taped messages. The four-track tape used in the cartridges
contains three message tracks and one digital signal address tracx to
allow the location of any particular message.

The Coursewriter Il programming system is used with the IBM 1500
Instructional System. The author of material to be presented through
the system writes ccded instructions in the Coursewriter language to
direct the presentation of content to the student. Material to be
printed on the CRT and its location, segments of tape to be piayed,
action to be taken in the event of specific student responses, and what
image to show must be programmed into the computer. An example of
Coursewriter programming from the computerized test may be viewed in

Appendix D.

Programming Strategy

One principal characteristic of the computerized test of certain
nonperformance nmusical behaviors is {ts incrementalization. Originally,
a (+5), («3), (~2), (+1), (+1) stratecy was proposed; that is, the stu-
dent would start with the fifth item in a series of twenty. A correct
response wourd branch him ahead to the tenth item (an increment of
five), but an incorrect response would branch him back to the second
item (a reverse increment of three). After one error, the forward
increment, following a correct response, would be two. Occurrence of a
second error would branch the student back one {tem and change the
forward increment to one; a third error would terminate the administra-

tion of the test section.
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During the analysis of data obtained from empiricat trials of test
items, it was apparent that the original strategy would tend to cause
premature terminations for some students. A straight linear strategy,
in which every student would receive every item, would result in no
mispredictions but would be inefficient and, to a computer programmer,
conceptually alarming. A modified linear strategy was adopted, in place
of the original strategy, as a compromise between duplication of off-
1ine results and efficiency in amourt of items presented. Under the
modified linear strategy, a student starts with the fourth item in a
twenty-item scale. He continues to receive items in increments of four
as long as he emits no incorrect response. The first error causes a
reverse branch of three and changes the forward increment to one. The
student then continues ahead regardless of the correctness of a response

until he makes a total of five errors or three successive errors.

Scoring Procedure

Originally, the number of the most difficult item answered cor-
rectly was planned to be the tested student's earned score. fonsider-
able study of student answer strings revealed that somewhat spurious
conclusions could result in instances where a student might fail to
answer numerous 1tems but nevertheless manage to answer correctly one
jtem of high difficulty. Therefore, rather than using scale scores,
each student's score for each of the four programmed tests was expressed
simply in terms of the number of items answered correctly. The studert
who answered more items correctly than another stud2nt probably
progressed further along the scale; he had fewer strings of consecutive
tncorrcct answers.
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Audio Preparation

A1l test items had been recorded prior to empirical trials of test
items. From conventional tape recordings, audio cartridges for the IBM
1500 Instructional System must be prepared through a special process.

The musical excerpts for the selected items were spliced into the
item order for the final computerized version. Using the IBM cue tone
generator and a Roberts model 1040 tape recorder, 400 hz tone segments
were then placed on the right channels of the tapes. These 400 hz cue
tones functioned as signals to the computer during the audio assembly
process; breaks in the continuity of the 400 hz tone indicated the end
of one tape message (i.e., musical excerpt) and the beginning of another.

After tte original tapes contained the cue tone, the audio assembly
process was activated. The tapes were mounted on an Ampex special medel
tape recovder with remote control capacity. An IBM four-track tape
cartridge was mounted in the audio unit 1t one of the instructional
stations. A special computer program was utilized to duplicate each
message and assign to each message a unique digital address, thereby
permitting the accessing of anv particular musical excerpt by the
Coursewr{ ter program.

The master tape cartridge produced during the audio assembly
process was duplicated with a Viking model 235 tape duplicator t»

produce the tape cartridges used in the administration of the test,

Film Preparation

Film preparation inciuded preparation of the art work, photography,
and film processing. The only stage with which the researcher was

\girect]y involved was the preparation of the art work, i.e., notation

G4
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sheets. Each musical example was copied with a black felt tip pen on to
white paper ruled with staff 1ines. The quality of manuscript notation
was judged to be quite adequate for the purpose.

After photographing of the notation sheets, the film was processed
through the regular channels utilized by the Penn State CAI Laboratory
for the preparation of film cartridges. Five cartridges were made; each
cartridge contained one exposure of each image, identified with a dig-

jtal address to permit access in the Coursewriter program.

Debugging
Externsive examination and trial of the Coursewriter prcgram was

conducted by the researcher to detect and remove faulty coding (i.e.,
"bugs") from the program. Grammatical errors such as invalid codes and
erroneous parameters are of relatively little concern with the Course-
writer programming system because the computer will not accept state-
ments containing such errors. Subtle errors in programming can result
from simple typographical errors, however; results quite different from
those cnticipated can be obtained because of a programmer's momentary
lapses in accuracy. For example, during the debugging process, it was
discovered that the score for the Historical Classificalion section was
often fnaccurate; the score indicated by the computer did not reflect
the total number of correct responses accredited to the student. Inves-
tigation located an error in the programming segment specifying action
to be taken in the event of a correct response to the fourth item in the
HC scale, the item initially presented to the student. The student was

intended to receive four points since the assumption was made that items
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one, two, and three rould have been answered correctly if item four was
answered correctly. But an instructicon that should have said ad 4>/cd

read ad 1>/c4. A simple mistake in numerals caused inaccurate scoring.

FINAL ADMINISTRATION

Student Population

The computerized test was administered to thirty-two students
during the week of October 5-9, 1970. A parallel conventional version
was administered during the same week tu twenty-eight students. All
students were undergraduate music education majors at The Pennsylvania
State University.

It was considered desirable to look for g.oss differences in scores

28 because, if the criteria

between upper-term and \ower-ierm students
upon which test items were based are representative of competency devel-
opment currently transpiring at Penn State, there should be such differ-
ences. (Lack of such differences could be attributed to lack of
sensitivily in the test as well as lack of representativenuss in the
criteria.} A"l first, second, third, and fourth term students {N = 36)
were chosen to participate in the study, as well as all eighth, ninth,

tenth, eleventh, twelfth, and over-twelfth term students (N = 36). EFach

student was randomly assigned to eitiher the computerized version or the

28The traditional terms "freshmen," “sophomores,” "juniors," and

"senfors" are rarely used at Penn State. The University acadeaic year
is divided into four ten-week terms; an undergraduate student is
classified on the basis of his term standing. Since undergraduates i
music education generally require twelve terms to complete thi ir degree
requirerents, students classified 3s first, second, or third term could
be called "freshmen," students ctassified as fourth, fifth, or sixth
term students could be called "sophomores," etc.
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parallel conventional version, so that thcre were eighteen upper-temm
and eighteen lower-term students assigned to each testing situation.
The desired number was fifteen students per term grouping per testing
situation; the excess was to allow for loss of a few students.

Administrative Procedure,
Computerized Version

Students assigned to the computerized version were assigned a time
to report to the Computer-Assisted Instruction Laboratory during the
week of October 5-9, 1970. Upon arrival for his testing session, each
student was assured by the researcher that the test rather than the
student was beirg tested. Operation of the 1ight pen was explained, and
each studen® was shown how to adjust the volume of the audio unit out-
put. The student was assured that the researcher woi'ld be avaflable if
needed, the door to the testiny room was closed, and the test program
was permitted to run its course. At the conclusion of the test, the
student's four subtest scores were automatically output by a typewriter
connected to the computer, and the researcher asked the student for an
opinion.

Tne jtems administered to each student were determined, in accord-
ance with the programming strategy, by the response history of the stu-
dent. The student was permitted to repeat a taped excerpt for any ON
ftem once if he wished; the other items were played only once. If a
student did not respond to any item within forty-five seconds to the end

of the taped excerpt, that was considered to be an {ncorrect response.
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Administrative Procedure,
Conventional version

Students assigned to the conventional testing condition were asked
to report to a central location on October 6, 1970. The test which
these students received was similar to the tests utilized for the
earlier empirizal trials. Each student used a mimcdgraphed test forn
containing printed instructions and eighty test items identic 1 to the
items comprising the four twenty-item scales prograimed for the com-
puterized version. The necessary notation for each {tem appeared on
mimeographed notation sheets. The original tapes were duplicated; these
duplicates were then edited to provide approximately eight seconds of
silence between examples in the ON znd HC sections, and approximately
twenty seconds of silence between items in the ORI and FI sections.

The researcher administered the test. Students were assured that
the test was being tested, rather than they. Tape-recorded instructions
supplemented printed instructions; students were permitted to ask ques-

tions. Al ON items were repeated; other items were played once.

Plan for Analysis of Data

A questicnnaire was appended to each test. Each student was asked
which section of the test was the most difficult and the least difficult
for him. He was asked whether, if he had a choice, he would have pre-
ferred to take the computerized or conventional versions. He was also
asked to evaluate the quality of scund reproduction and notation as well

as the amount of pressure he felt while taking the test.
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A procedure outlined by Med‘»ey29 was utilized to investigate the
equivalency of the two versions of the test. According to Medley, two
tests are equivalent only if four stringent criteria are satisfied. The
students must be rarked in the same orde» by the two tests, the vari-
ances of errors of measurement must be equal, the variances of test
scores must be equal, and the test means must be equal. These condi-
tions are tested by means of F tests after analysis of variance summary
tables, similar to those suggested by Hoyt for estimating test relfabil-

30 have been plotted. The Medley

ity in terms of internal consistency,
procedure was utilized because it might indicate the divergence of the
computerized test from the conventional version, or, in gross terms,

what price one must pay in terms of differing results for the conven-

ience of computerized testing of this nature.

SUMMARY STATEMENT OF METHOD OF TEST DEVELOFMENT

The {nitial stage of test development was to frame a series of
objectives which could be used as criteria upon which {o build a crite-
rion-referenced test. Test items were ccnstructed in relation to those
criteria. After empirical trial of test {tems, certain items were
scaled according to difficulty, and four tests were selected for final
administration. The computerized test and a parallel conventional test
were administered to undergraduate music education majors, and the

resulting data were analyzed.

29DOnald M. Medley, “A General Procedure for Testing the Equiva-
lence of Two Tests" (paper read at meeting of the National Council on
Measurcment Usage in Education, February 19, 1957, New York).

Q 3OCyr11 Hoyt, "“Test Reliability Obtained by Analysis of Variance,”
[-RIC:chometrika, V1 (June, 1941), 1953-160.
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CHAPTER IV
RESULTS AND FINDINGS

The purpose of thiz chapter is to present and interpret data from
the item trial, setection, and final administration stages of the com-
puterized and conventional versions of the test. The general procedure
will be to discuss the purpose of the particular data collection and

processing, present the data, and offer an interpretation of it.
PRELIMINARY DATA

Preliminary data include data gathered regarding test items prior
to the final administration of the test. Item difficulty indices and
data resulting from comparison between results from actually adminis-
tering selected itens to students and results from hypethetically
administering items to students in accordance with a programming
strategy are included. Such data are reported herein to aid the
reader's understanding of the processes of dev~lopment.

Computation of Item
Difffculty lndices

After administration of a section or subtest to a group of under-
graduate students majoring in music educaticn, the items comprising that
section were scored. The item difficulty index for each item was com-
puted by dividing the number of correct responses to an item by the

number of students attempting the 1tem.1 This was done for each section

]when a student fafled to respond, his lack of response was never-
theless considered to be an incorrect response and an "attempt.”
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Item dirficulty indices obtained ranged from 1.00 (all students
responded correctly te the item) to 0.00 (no students responded cor-
rectly to the item). It might have been desirable to obtain item dif-
ficulties in approximately equal numbers at equi-incremental points
along the range {e.g., three items with ID = .95, four items with
ID = .90, three items with ID = .85, .'. .» four items with ID = .05),
but based upon the empirical trials, items tended to cluster more toward
the less difficult end of the scale.

A twenty-item scale was selected for each subtest administered to
twenty-five or more students. The primary criterion for selection of an
iten, was the difficulty index; when more then one item was available for
selection at a given level of difficulty, selection was aiso based upon
musical criteria such as the quali:y of tke performance.

Table 1 shows the item difficulty indices for the twenty items
selected for each subtest. It may be noted that the greatest amo'nt of

difference between any two adjacent items is .26; the least amount of

difference is .00,

Actual-Hypothetical Comparisons

After selection of items fc~ twenty-item scales, answer strings
were written for each student to whom the subtest had been administered.
An answer string consisted of a string of 1's, indicating correct
response, and 0's, indicating incorrect responses. For example, here 1is
the answer string for one student's responses tu the twenty-item ON
scale:

1TtTr11111111 11001 000O00O00
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This particular student was able to answer the first twelve items n the
scale correct]y.2 After that, he was able to answer only the fifteenth
item correctly.

For mathematical convenience, the assumption was made that a stu-
dent would respond to an identical item in an identical manner although
the mode of presentation was different. This was believed to be a con-
servative assumption because it denied the researcher the opportunity to
expect nonequivalent responses and thus account for unexpected variance.
If the items coded in the above answer string were presented to the same
student through the I8M 1500 Insiructional System, the student, if he
behaved in accordance with the assumption, would again answer the first
twelve items correctly, answer the next two incorrectly, correctly
answer the fifteenth item, and miss the remaining five items.

Once the assumption of equivalent responses to identical items was
made, it was possible to construct hypothetical answer strings to vrep-
resent a student's responses in accordance with a programming strategy.
Here is a comparison between the hypothetical answer string for the
above student, in accordance with the programming strategy eventually
adopted, and the actual answer string that resulted from the empirical
trials of the ON {tems:

Hypothetical: 111 11111111100000000¢0

Actual: T11111111111€¢0100000

21n the empirical trials conducted to obtain the item difficulty
indices, the order of item presentation was determined with the aid of a
rendom number table. Hence, the order of presentation of the twenty
ftems eventually choosen to comprise the scale was not, at the time of
the trials, 1, 2, 3, . . ., 20,
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The underlined numerals indicate items :hat would have been presented in
the computerized version. The nonunderlined numerals 1n the hypothet-
ical string indicate items for which a correct (1) or incerrect (0)
response was assumed. In this case, the student would have been pre-
sented with six items and earned a score of twelve. His correct answer
to the fourth item, his initial item, would have branched him to the
eighth item. The correct answer to the eighth and then to the twelfth
{tem would have continued the increment of four. The incorrect response
to the sixteenth item would have caused a reverse branch to {tem
thirteen and changed the forward increment to one. Items thirteen and
fourteen would have been answered incorrectly; under the assumption,

the three successive errors (sixteen, thirteen, fourteen) would haQe
terminated the ON test for this student.

From a series of comparisons between ansuer strings, it vas
possibl: to compute various descriptive statistics. One statistic upon
which importance was placed by the researcher was the correlation
between the actual scores ¢f students for each twenty-item scale and the
hypothetical scores that would have resulted from a computerized ver-
sion. The original programming strategy was abandoned, in part, because
the revised strateqy adopted raised these correlations. These figures
are reported in Tahle 2.

Responses to ftems that would not have been administered to a stu-
dent were assumed to be correct if thiey were to items of tess difficulty
than the last item administered, and assumed to be fncorrect if they

were to items of greater difficulty than the last item administered.
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The following is a hypothetical answer string that would have resuited,
under the assumption of equivalent responses, from a student receiving
the ORI scale in accordance with the adopted programming strategy:
Here, the student was hypothetically administered ten items, those iiems
for which the response codes are underlined. Tne response codes for
nonadministered items are zssumed to be 1 (correct) if they are of less
difficulty than the last item administered and 0 {incorrcct) if they are
of greater difficulty than the last item administered, item sixteen.
The ten codes for nonadministered ftems may be said to represent pre-
dictions of responses.

Consideration of the same hypothetical ORI answer string when it is
matched with the actual answer string yields the following:

Hypothetical: 11111111010011000000

Actual: 11110011010011001000
Of the ten predicted responses, it is apparent that there were mispre-
dictions for {tems five, six, and seventeen. The remaining seven pre-
dictions were accurate. The quantity of mispredictions for a given
student could vary from zero to twenty minus the number of items
administered; in mathematical language,

0 <M< {20 - 4A),

wvhere M indicates the number of mispredictions for a given student and
A indicates the number of items hypothetically administered to that
student. By sumning the number of mispredictions across all students,
dividing that sum by the quantity obtained from subtracting the total

number of ftems hypothetically administered from the total number of
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students multiplied by twenty (i.e., the tota)l number of predictions),
and subtracting the quotient from 1.00 it is pnssible to obtain an index
of prediction accuracy. The formula for the index of prediction accu-
racy for a subtest may be written as
IM
P=1.00~ —— >

20n-LA
where P represents the index of prediction accuracy, M represents the
nuniber of mispredictions for a ~tudent, A reoresents the number of items
hypothetically administered to a student, and n represents the number of
students to whom the subtest was administered. Indices of prediction
accuracy are reported in Table 2.

When the students' actual scores for twenty-item scales were
matched with their hypothetical scores, a series of differeace scores
(hypothetical minus actual scores) was comprted. The aim was to have
essentially the same scores result from nypothetical and actual ver-
sjons. A null hypothesis was formulated to state that there was no
difference betwzen the mean of the difference scores and zero. A corre-
lated t test was applied for each subtest; as Table 2 indicales, the t
values were nonsignificant except for the MI and HC(Y) tests.

The data in Table 2 were based upon the assumption of response
equivalency. To the extent that the assumption was valid, the data were
a valid means of evaluating the tests which were constructed. It must
be noted, however, that the data do not attempt to describe a relatjon-
ship between an actual adminfstration and a hypothetical administration
to different students.
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Administration at
Varying Institutions

It was impossible to administer all sections of the test under
development to music education undergraduate students at The Pennsyl-
vanic State University because of the constraints of time. Conse-
quently, as described in Chapter III, empirical trials of test items
vare also conducted at six other "ennsylvania institutions of higher
education which offer an undergraduate curriculum in music education.
When a test was administered at more than one institution, & rank-order
coefficient of correlation was computed to show the relationship between
the two sets of rankings (in terms of item difficulty) assigned *to the
jtems chosen to comprise a twenty-item scale. A low rank-order correla-
tion coefficient (p) would indicate considerable diversity in difficulty
order of tha items. Seven test sections were administered at more than
one institution; the number of students tested and their division by
institutions as well as the computed p for each test are contained in
Table 3.

Examination of Table 3 reveals that four of the seven tests admin-
istered at more than one institution yielded a p greater than .85. Two
test sections *iere in the range .70 - .85; the MI test was below .70.
Al) are significant beyond the .001 level when one uses the modified t
test for significance of rank-order correlatfon suggested by 8runing and

K1ntz,3 but o = .90 wa> considered more desirable than = .70.

3James L. 8runing and B. L. Kintz, Computational Handbonk of
Statistics {Glenview, 11lincis: Scott, Foresman and Company, 1968),
pp. 158-159,
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DATA FROM FINAL ADMINISTRATION

The final administration4 occurred October 5-9, 1970. The com-
putertzed test and the parallel conventional test were compared through
the Medley procedure, discussed earlier. Comparisons between the scores
of lower-term and upper-term students were made; responses to a ques-

tionnaire appended to both versions were studied.

Medley Procedure

The Medley procedure is illustrated through Table 4 which summa-
rizes the procedure for the ON test administered to the total number of
students {thirty-two in the computerized version, twenty-eight in the
conventional version). An analysis of variance was performed for the
group that received the computerized version, the group that received
the conventional version, and the combined groups. These analyses of
variance partitioned the total variance into variance attributable
differences among students, differences among item means, and error.
The sums of squares (SS) for the components of variance were computed,

as Medley suggested, in accordance with Hoyt's formulas,

= g (T80
SS among students = — It? - i—ﬁﬁl »

4
SS among ftems = &-Zp; - 2; ’

and

total SS = (ztg) (nk - Tty) |
nk

4The term "final administration" means final with regard to the
research reported herein. The reader should not conclude that com-
puterized testing of nonperformance musical behaviors has had 1ts final
hour.
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Table 4
Medley Procedure for ON Test, A1l Students

Source of Variation DF SS MS

A. Group receiving computerized version

(1} Students 3N 29.9984  0.9677
(2) Items 19 57.4984 3.0267
(3) Error 589 62.2516 0.1057
(4) Total 639 T49.748%
B. Group receiving conventional version
{5) Students 27 16.8314 0.6230
(6) Items 19 27.0785 1.4252
{7) Error 513 80.3215 0.1566
t8) Total 559 124.2274
C. Combined groups
{9) Students 59 47.3292 0.8022
(10) 1Items 19 17.9292 4.1015
(11) Error 1121 149.2208 0.133
(12) Tocal 1191 274.479
D. Analysis of equivalence
{13) Groups (9 - 1 - 5) 1 0.5094 0.50%4
14, Students {1 + 5) 58 46.8198 0.8072
iIS) Items {10) 19 77.9292 4.1015
16) Error between versions (11 - 3 - 7) 19 6.6477 0.3499
17) Error within versions (3 + 7) 1102 142.5731 0.1294
18) Total (12) 1139 Z74 8792

Test for Criterion 1: Are students ranked in same order?

E= %%{1‘;= 2.7040; p <.005, criterion not met
17

Test for Criterion 2: Are variances of errors of measurement equal?

F = ﬂ§27) = 1.4816; p <.005, criterion not met
~ "~ ¥6(s)

Test for Criterion 3: Are varifances of obtained scores equal?

- o MS(y) . .
F (s) 1.5533; NS, criterion met.

Test for Criterion 4: Are means equal?

- MS(ha), .
F M50y s) 1.5846; NS, criterion met.
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where n represents the nunber of items (twenty in Table 4), k repre-
sents the number of students {thirty-two, twenty-eight, and sixty for
groups A, B, and T, respectively, in Table 4), tk represents any par-
ticular student's score, and Py represents the pariicular number of
correct responses to any particular item.s The data necessary for use
of the Hoyt formulas were readily cbtainable from the typewritten score
summary and student records provided by the computer for the computer-
ized version or the test papers for the conventional versicn.

After partitioning of the variance into compenents for each
testing group and the combined group, the anatysis of equivaience was
made. Section D of Table 4 includes the quantities, indicated in
parentheses after tre names of the sources of variation, which were
added or subtracted, in sccordance with the Medley procedure, to obtain
the degrees of freedom and SS tigures for Section D. For example, the
degrees of freedom and SS for students were fcund by adding the appro-
priate quantities for (1), variation attributable to students who
received the computerized version and {5), variation attributable to
students who received the conventional version.

Mean squares (MS}, obtained by dividing SS by the appropriate
degrees of freedom, provided the necded quantities for the four F tests
used to test the four criteria for 2quivalence. Criterion one, ranking
of students in the same order by each version of tre test, or homogeae-
ity of function, was tested by comparing MS(]G) with MS(]7). For the ON

test as it was administered to all studerts, the F value obtained in

SL/ril Hoyt, "Test Relijability Obtained by Analysis of Variance,"

1 Psychometrika, VI (June, 1941), 154,
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testing for criterion one is significant beyond the .005 level; it can
be said that there is no difference in the ranking of students yielded
by the two versions must be rejected, and criterion one is not satis-
"fied. Criterion two, equality of variances of errors of measurement,
was tested by comparing MS(3) with MS(7); in the case of the ON test,
illustrated by Table 4, this criterion was also not met. Criterion
three, equality of variance of obtained scores from the two versions,
was met; 1t was tested by comparing MS(]) with MS(S), and the obtained
F value was not significant. Criterion four, equality of means, was
tested by comparing MS(]3) with MS(]4); the ON test evidently met this
criterion.

Summary table-, similar to Table 4, will be found in Appendix B for
applications of the Medley grocedure to the four programmed tests for
the total number of students, the lower-term students only, ard the
upper-term students only. Table 5, a summary of all the applications,
indicates that no test met all criteria; YES indicates a non-significant
F value, and NO indicates a significant F value. The equality of means
criterion was most frequently met; only the HC test failed. The other
criteria were met either rarely or never.

No section of the computerized test may be said to be equivalent to
its corresponding conventional section. The process of computerization
with 1ts incremental feature may be said to have distorted the test
beyond the point of equivalency. But what 1s the practical meaning of
the lack of equivalency?

To fulfill criterion vne, both versions of the test should rank the
students in the same order. Item differences should interact no more

@ "th differences among one group of students than with differences among
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another group of students. But if such interaction does differ, as it
did in ten of twelve cases, how critical are the differences? The
difference in the ranking effect of identical jtems in the two versions
may have been attributable to different rank orders in terms of 1item
difficulty, as wil) be presented balow. Since the purpose of the
criterion-- eferenced test was not to rank students, criterion one mav
have less significance for a criterion-referenced test than for a norm-
referenced test,

Fulfillment of c¢criterion two reguires equality of the errors of
measurement which occur in any measurement situation. The assumption
of responses to nonadministered itens based upon responses to admin-
istered items in the computerized version introduced systematic error to
the extent that the assumed rank of the nonadministered items in tevms
of difficulty differed from their actual rank. The complete lack of
attainment of criterion two is one serious flaw in the test as it was
administered,

Equality of variances of obtained scores, criterion three, occurred
only for the ON test for the three groupings of students, and for the
HC test for upper-term students. Failure to meet this criterion may,
again, be traced to inaccurate positions of {tems in the twenty-item
scales, Difficult items toward the supposedly easy end of a scale could
have caused premature terminations of a computerized test section; easy
items toward the supposedly difficult end would not have teen reached by
terminated students but would have been presented to students who
received the conventional version.

Equality of means occurred for all test sections except the HC test

In considering the two modes of teut presentation, equality of means

80



77

might 1ead to the conclusion that, on the average, the differing test
versions would have given identical scores and facilitated identical
interpretations of those scores with regard to what, if any, action
should be instigated as a result of the scores. However, the comput-
erized score of a particular student might not be representetive of ﬁis
status regarding the musical behaviors being measured. Equality of
means accompanied by nonequatity of variances of obtained scores may
have resulted from a balance between students who received the comput-
erized version and were terminated prematurely with students who spuri-
ously received credit for correct responses to nonadministersd items.
Again, this is related to the discrepancy between presumed rankings of
item difficulty and actual rankings in the testing situation.

A11 Medley criteria call for comparisons of variances which should
lack statistically significant differences. The researcher telieves
that the significant differences observed are related to the divergency
between expected and actual rankings of test items in terms of diffi-
culty.

Comparisvon of Item
Difficulty Rankings

Empirical trials were conducted to establish item difficulty
indices. Items were selected to form twenty-item scales for each test
section which was administered to at least twenty-five students; the
difficulty indices for selected ftems are reported in Table 1 above.
The strategy was to develop tests in twelve areas related to nonper-
formance musical behaviors. (Concern for the refinemert of progrem-
ming strategy and the constraints of time were responsible for the

O aduction of the number of test sections programmed to four.) Hence,

ERIC
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many test items were administered to smatl groups of students during
empirical trials to establish item difficulty indices. The instability
of those indices may have been responsible for ihe.quantitative diffi-
culties with the test. |

Table 6 contains the estimated item difficulty indices for the four
twenty-item scales; the estimates are, of course, the difficulties
obtained from the empirical trials. The observed difficulties for the
computerized version and the conventional version,6 computed in the
usual manner, are also contained in the table. Item difficulty figures
for the computerized test are partially based on assumed responses.
Discrepancies occur in certain instances, for example, the eighteenth
ORI item, the sixth FI item, and the fourteenth HC item. Some items,
of course, such as the fourth ON item and the seventeenth ORI item have
very similar figures.

The rank order of item difficulties varies from scale to scale.
1deally, the coefficient of rank-order correlation RHO (p) should bhe
1.00 between any two sets of item difficulty indices for one test
section. Rank-order correlations are reported in Vable 7; the cor-
relation between the estimated difficulty indices and the= observed
indices from administration of the conventicnal version varies from .43
to .87.

Less than perfect rank order of item difficulties means that for

the computerized version students received credit for ncnadministered

6Item difficulties are reported on the basis of administration to
the totcl number of students taking each version because there was no
distinction between students regarding class standing during the
empirical trials.
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items of a difficulty level greater than those administered items which
were answered correctly to permit that credit for nonadministered items.
For example, if o student answered the first two items presented in the
computerized ORI test section, items four and eight, correctly, he
earned eight points and was ready for item twelve, but item three,
according to the difficulty estimate from the conventional version,

was more difficult than item four, and items five, six, and seven were
more difficult than item eight. Assuming that the item difficulty
indices computed from administration of the conventional version were
accurate estimates of the difficulty of the items for those whoe
received the computerized version, nonincrementalizatinn (i.e., admin-
istering all items in the computerized version to all students in a
linear manner) would have mace possible a greater degree of equivalence.

Comparison of Test Performance
of Upper-term and Lower-term Students

1f the sxills measured by the ON, ORI, fI, and HC tests are
increased during the undergraduate training of the music education stu-
dent at The Pennsylvania State University, the mean performance of the
upper-te m students should have been greater than the mean performance
of the lower-term students. Greater upper-term mean scores could
indicate that what was tested was pertinent to the present focus of
the curriculum,

Table 8 reveals that, with one exception, the mean score for
lower-term students was always lower than the mean score for upper-teir:
students; however, in only one instance was the difference statistically

significant according to a t test. Upper-term students differed only
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ighiry from lower-term students in their mean abitity to identify
aotes missing from & passaye, deiect an ac.urate explianation of rhyth-
i ina curacy. (hoose an expisnation ot the departure from tasteful
intervooetaiing, s iescify nusical examples by periods of music
histary.

Fatiure -y find greater differences between the meun test scores of
upper-teyn and Lower-term students may be attributed to a possible lack
b ocurricuiar expocienne directed toward inprovenment of the skills
regsured. 14 me. 2iso be atiributed to a possible lack of reievancy to
poesent coLrsevork or the part of the test; however, it was not intended

ta deeeiop R3e test within the confires of the present course structure.

Questionnaire Results

i seven-item questionnaire was appended to each test version.
Stugdent epinion wes sought regarding relative difficulty of the test
3-wtions, quality of sound and notation. speededness of the test,
poossure placed on the student, and preferred version. Students who

cBivad the coaputertzed version answered the muttiple-choice questions

with tnx Yign pen, >wudents who received the conventronal version
Liaobea thelr sespuries A1 students in each group answered cach
wezetien with oee: rasponse only,  Tables 9 threugh 15 summarize the
gaertioraico cesnonses in terns of nroportigons of the students iandi-
cating each resyoase. The questionnaire items are presented in
fopendixn C,

Thero was ne porticuldr expectancy regarding the test sections

censigered the 33t or the least difficuit. Thewe findings arc reported

;n Tertes ) 3nd i In each case the trend is mure clear for the
O
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conventional than for the computerized version. The students who
received the computerized version did not know the number of items in
each section, since the amount of items presented to any student varied
with the student's rerformance in accordance with the incremental
programming strategy. A1l students who received the conventional ver-
sion received each test item and thereby had a greater number of items
upon which to base a decision regarding difficulty. Neither test ver-
sion gave knowledge of results to any student prior to administration
of the questionnaire; no student‘s estimation of section difficulty was
influenced by any knowledge of his relative success among the sections.

The quality of sound reproduction in the computerized version of
the test was of concern. The IBM 1506 audio unit, the tape nlayback
component of the I8M 1500 Instructional System, always contained white
noise, a constant background hi:sing s-und, while nmusical excerpts were
played. Deihl noted this hissing scund as well as tubblirg sounds,
apparently caused by momentary disruption of the uniform icovement of the
tape during a stave of audio cartridge preparation, and variance 1In
sound quality vbetween tracks of the tape.7 These unmusical quaiities,
plus occasional static, raised the possibility that students might find
certain items difficult to answer for an extraneous reason.

1t was expected, therefore, that students who received the conven-
tional version of the test, with its tape recorded at 7.5 ips, one

generation removed from the original recordings, would evaluate the

7Hed C. Deihl, Development and Evaluation of Computer-Assisted
Instruction in Insirumental Music, Project No. 7-0760, ERIC Yo.
EC 035 314. (Washington: Office of Education, U. S. Department of
Health, Education, and Welfare, 1569}, p. 36.
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sound quality to be at a higher level than the students who received the
computerized test, with its tape recorded at 1.875 ips, tvo generations
removed from the original recordings, because of the extraneous noise ¢n
the 1506 tape cartridge. But, as indicated in Table 11, a greater pro-
portion of students to whom the computerized version was administered
chose the most favorable response. This was not expected by the
researcher; perhaps students, while they listened for relevant cues with
which to select an answer, were more oblivious to extraneous noise in an
individualized situatinn, ¢r perhaps the wearing of headphones had¢ some
influence.

Table 12 summarizes the questionnaire responses regarding the
quality of the notation., It was expected that few students receiving
the computerized version would find the professionally processed film
exposures of painstakingly drawn music manuscript to be of low quality.
The mimeographed notation sheets used by the students who received the
conventional version of the test were certainly not illegible, but were
not comparable to printed music.

Perceived speededness of tie test versions w~as of interest. The
medium of computer-assisted instruction appears to tend itself well to
individualization of presentation; rates of presentation of material can
be varied greatly to accomodate students of varying work habits and
abilities. It is possible to program presentations for student control;
the material appearing on the cathode ray tube need not change until the
change is requested by the student. Unlimited allowances for time to
respona are not considered desirable in the computerized test under
discussion, but a full forty-five seconds is allowed between the time

the playback of a musical excerpt concludes and the time the student fis
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automatically considered to not krow the answer.8 Forty-five seconds
was believed to be sufficfent for virtually any student, but the time
allotments for the conventicnal version--eight, twenty, twenty, and
eight seconds respectively for the OH, ORI, FI, and HC tests--were
planned with 3n ave.age student in mind.

It was expected that most students who received the computerized
version would find that their test moved at a comfortatle pace while
mere than a few students who received the conventional version would
find that their test moved either too slowly or too rapidly. The
expected results were partially found; as Table 13 indicates, most
students found the speed of the computerized version tc be satisfactory.
It was, however, interesting that more students did not find the con-
ventional version to be too rapid.

Assurances were given to all students in each grou> that the test,
not the student, was being tested. Nevertheless, the rosearcher was
interested in obtaininy some indication of tension or pressure telt by
the stuients. Unfamiliarity with computers and other e’ectronic
apparstus might have been conducive to an increase in tensien; mere
placement in a testing sftuation, in spite of assurances given to the
student, might have increasec tension. Table 14 summarizes the ques-
tionnaire data regarding perceived tension; it 1s apparent that the
very few instances of more than slight tension which occirred were in
the group who received the conventional version. No particular result
was anticipated.

81n the case of the ON test, where students have the option of
repeating an excerpt once before responding, the forty-five seconds are
@ ounted In full from the time of conclusion of the second play.
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The final 1tem in the questionnaire asked the student whether, if
there had been a choice, he would have preferred one version of the test
over the other version. All students knew prior to the testing dates
that a computerized version of an experimental test in music was to be
compared with a conventional version of the same test, No student, of
course, rectived both versions; the students were asked to express a
preference afier being familiarized with only one version. Expectation
was that the majority response for each group would be that ii made no
difference which version the student received while slightly more than
hatf of the remaining resnonses from each group would indicate a pre-
ference for the famiiiar version. Within the group receiving the com-
puterized version, the proportion expressing preference for their ver-
sion was the majority. The propoitions of responses among the group
receiving the conventional version were in accordance with expectation,

Table 15 summrarizes the preference data,
NON-QIANTITATIVE FINDINGS

The IBM 1500 Instructional {ystem furctioned smoothly and effi-
ciently during all stages of test deveiopment. Malfurctions within the
program were always found to be the result of human error. In all
instances, a student who was scheduled to be tested could report to the
Penn State Computer-Assisted Instruction Laboratcry, have the operation
of equipment briefly explained to him, and begin the test within two

minutes of his arrival.
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There were no problems related to any slownass of the system during
administration of the test. An excessive amount of input from other
stations can slow the presentation of material to a student at a given
instructional station, particularly when the input {s an addition or
replacement of coded instruction, This did not occur.g

Numercus students commented that their experience with the com-
puterized instructional station was novei, enjoyable, or worthy of
replicatior. There was no apparent apprehension regarding the equip-
ment. One student stated a desire that all of his tests could Le
administered in the same manrer.

The brief summary of scores pri-ted at a typewriter station by the
computer at the conclusion of each testing session was always rapidly
available in the following format:

STUDENT x17

ON score is 8

ORI score is 4

FI score is 7

HC score is 3
If the tests were refined to the point where some action could bz taken
on the basis of the scores, the quick score summary would be very
beneficial.

The extensive student records available from the computer provide
an accurate record of each student's testing session. Information con-

tained in student records includes question identifiers, response

9Had it occurred, i+ could have been alleviated by restricting
system usage during testing sessions to execution of existing program-
med material rather than creation or alteration of material.
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identifiers, student identifiers, time of response, and time elapsed
vetween the end of musical excerpt and entry of response. From the
student records it was easy to obtain data for item analysis and deter-
mine which items were actually administered to any student. A sample of

student records is presented in Appendix E.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This final chapter summarizes the conduct of the research anu the
findings, states conclusions, and presents some recommendations for

furthar research.

SUMMARY

Objectives
The framing of valid objectives upon which to build criterion-
referenced test items was the initial phase of the research. Objectives
were stated in the form of observable nonperformance musical behaviors.
Quantitative statements were avoided; objectives were statenents of
skills which were deemed important for display by competent music
education graduates. Areas included by the objectives, not intended to
be an all-inclusive statement of desirable nonperformance musicai
bzhaviors, were:
aural recognition and identification of melodic
intervals;
aural recognition anc idantification of harmonic
intervals;
aural recogaition and classification of triads;
insertion of missing notes into visual notational
displays of aurally perceived melodies;
recognition and location of aural-visual pitch

discrepancies 1n four-part harmonic passages;
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Test

recognition and location ¢f aural-visual rhythmic
discrepancies;

selection of appropriate explanations of incorrectly
performed rhythmic patterns;

recognition and location of incorrectly nctated
measures for given meter signatures;

selection of members of pairs of examples that are
performed "better" when "better" refers to tapered phrase
endings, dynamics, appropriateness of breathing, or
appropriateness of articulation style;

identification and classification of inappropriateness
of interpretation when the inappropriateness is due to
inappropriate tempo, inappropriate articulation, excessive
rutato, lack of rubsto, or inappropriate dynamics;

classification of musical examples as being
stylistically renresentative of the Laroque, Classical,
Rorantic, or Moderr Period;

classification of musical examples as being
stylistically representative of acid rock, soul, country-
western, pop standard, "bubble gum," folk, folk rock, or

blues.

I tems
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Multiple-choice items wer: conscructed in accordance with the abeve

objectives using orchestral excerpts, chorales, and pedagogical litera-

ture.

Items were notated, recorded, and prepared for empirical trial to

establish item difficulty indices.

ERIC
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Nine test sections were subjected to empirical trials at The
Pennsylvania State University and six other Pennsylvania institutions of
higher education offering an undergrsduate music education curriculum,.
Twenty-1tem scales arranged in order of difficulty were selected from
each test section. Actual student performances on those scales were
compared with hypothetical performances which would have resulted from
equivalent respounses to those scales a5 they would have been presented
through a proposed programming strategy. On the basis of the empirical
trials and descriptive statistics obtained from the actual-hypothetical
conparisons, and in consideration of the four basic areas of pitch,
rhythm, interpretation, and style, four test sections were selected for
programming. The selected test sections were the Omitted Hotes,
Overall Rhythmic inaccuracies, Faulty Interpretations, and Historical
Classification sections, related to the fourth, seventh, tenth, and

eleventh of the objectives summarized above.

Programaiing

The selected items were programmed in the Coursewriter 1] lan-
guage for the IBM 1500 [nstructional System. An incremental programming
strategy was utilized; & student began each conputerized test section
with the fourth item of the twenty-item scale. A correct response
branched the student to the eighth item; the student continued to move
ahead in increments of four items until an initial erronedus response
occurred or the twentieth ftem was answered correctly. An initial
erroneous response caused a reverse branch of three {tems; e.g., if @
student was unable to answer item twelve correctly, he was branched lo

iten nine. From the point reached by the reverse branch after the
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initial errona2ous response, the student moved ahead along the scale in

a Tirear manner. A test section was terminated for a student when he
reached the end of the scale, made three erronevus responses in succes-
sion, ur meda 6 total of five erroneous responses. His score was tne
number of test items actually answered correctly plus the number of test
items cssumed to be answered correctly. HNonadministered items were
sssuned to be answered correctly if they were lower on the scale (i e.,
were ot Jess difficulty} than the highest administered item on the t<cale

that was danswered correctly.

Adninisteation and Findings
Tre computerized test was administered to eighteen lower-tern and
fourteen upper-term undergraduates enrolled in the music education
vurricalum 3¢ The Pennsylvania State University during the week of
Octeber 5-9, 1970, A parallel conventional version of the test was
uiidistered to sixteen lower-term and twelve upper-term students to
Doy TUe 3 onedk on the item difficulties and a basis for a comparison of
test equiviience. Students who received the cowputerized version work:d
at an ir-tooctiens] station; they heard the musical stimuli through
Hossuhones, reag the test guestions on the cathoade ray tube seveen,
viewad ausycal notation on the image projector, and answered gquestions
vy indicating their choices with a light pen. Students wro received the
cuneentional version were seated in a classroom; they read the questions
sad aunswered them on nisesgraphed test forms, vieved musical notation on
oeogrsphod notation sheets, and heard the musical excerpts through the
sprevers of the iape e order.
)
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The Medley procedure, a series of F tests for equal variances, was
utilized to tes!. for equivalence of the two versions in accordance with
four criteria: Equal ranking of students, equality of variances of
errors of measur2ment, equality of variances of obtained scores, and
equality of means. Although the equality of means criterion was
generzally met, the others were not; the two versions of the test may
not be considered equivalent.

Neither the comguterized nor the conventional version of the test
showed any significant difference betwcen the mean scores of upper-term
and lower-term students. It was not clear that this was a weakness of
the test because the students' curricular experiences may not be
directed toward improvement of the skills measured.

The weakness of the test, preventing its immediate implementation,
is the discrepancy between the estimated item difficulty indices,
established as a result of the empirical trials of test items, and the
actual item difficulty indices, computed from the conventional version
scores. This discrepancy caused assumptions regarding correctness of
nonadministered items in the computerized vevsion to be less than
accurate,

The computerized test was well received by the students to whom it
was administered. The equipment functioned smoothly, and audio weak-
nesses present in the [BM 1500 Instructional System did not appear 0

have any adverse effect upon the test.
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CONCLUSIONS

Four conclusions may be drawn from the present study:

1. Present skills, techniques, and equipment are ade-
quate for the construction of a workable computerized cri-
terion-referenced test of certain nonperformance musical
behaviors.

2. Rank order of jtems, in terms of ijtem difficulty,
is critical to the success of an incremental programming
strategy in computerized testing wherein assumptions are
to be made regarding responses to nonasministered items.

3. The computerized criterion-referenced test of
certain nonperformance musical behaviors is not equivalent
to a conventional noncomputerized version of the test.

4., Differentfation of mean scores between lower-
term and upper-term students is minor and generally non-
significant; 1c¢ is uncertain as to whether this s a
function of the test or lack of significant growth in

the skills measured.
RECOMMENDATICNS

Further research is recommended to refine the computerized tes’. and
increase its potential utility for The Pennsylvania State University and
its paradigmatic value for other institutions. More accurate item
difficulty {ndices are required; perhaps the empirical establis: .ent of
such figures could be preceded or supplemented by rational study of the
musical behaviors involved. Additional objectives should probabty be
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formulated and new types of test items constructed from them. Alternate
programming strategies might be actually programmed and compared.
Specifically, the following recommendations are made:

1. Existing test ftems should be administered to

large groups (N = 203} of undergraduate music education

majors in order to obtain more accurate estimates of

jtem difficuities,

2. In some cascs, the grouping of test items

according to difficulty might be apprcached by analyzing

the behaviors involved in responding to the items and

establishing an ordered series of prerequisite behaviors.

3. Additional objectives releted to nonperformance

musical behaviors should be formulated and test items

constructed; howaver, this shcuid not precede the

strengthening of existent items.

4. After the reordering of test items on the basis

of stronger estirates of difficulty, a three-group study

should be conducted to compare the relative merits of

1) a computerized test programmed in a manner identical

to the test developed in the study reported herein,

2) a computerized test programmed following a differing

strategy, and 3) a parallel conventional version of the

test.

At the beginning of the first chapter it was stated that the basic
purpose of the study was to develop a prototype computerized criterion-
-referenced test for measuring competencies in crrtain nonperfarmance
Q
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musical behaviors present in undergraduate students commencing their
course of study in music education. The prototype has been largely
developed. If the recommendations can be implemented, a new and useful

instrument will exist.
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SAMPLE ITEMS

Two sample items are included from each of the four test sections

which were programmed, The questions, the answer arrays, the notational

displays, and the contents of the recorded excerpt are indicated for

— 4

each item. Content of the item was identical for each version of the
! test. The reader will recall that in the computerized version, nota-
tional displays appeared on the image projector, questions and answer

arrays appeared on the cathode ray tube, and the recorded music was

g heard through individual headphones. In the conventional versior, the
i recorded music was played on a tape recorded for a group; the visual

iy material was mimeographed.

'g Omitted Notes, Item No. 5

) Question

i, What is the name of the missiny note?

Answer Array

Hotational Disolay

. —
Vo =% r—
e E e e o=

Contents of Recorded Excerpt

\ . _— Q. a TN
! Kol I PRI ) <A Ol £ 9 N B
(&E—‘ﬁ o - [{E - (Played on pianc)
A = < N

§ v
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Omitted Notes, Item No. 14

Question
What is the name of the missing note?

Answer Array

== == = = =

Notational Display

I

i

Nt PR o 1 1— - 3
SF e B
¢ T [¥Tqr7
L A" 4

Contents of Recorded [xcerpt

h st W e o 4
AR 2 SRR (Played on trumpet)
NV ALY LA & S Rl 340 Gl
J T | t
Overall Rhythmic Inaccuracies, Item Ho. 9
Question

What is wrong with the rhythmic performance of this excerpi?

Answer Array

A. The termpo accelerates.

B. The thirty-second notes are played as sixiy-fourth notes.
C. Unwritten ties are added.

D. The groups are played as . -Eé{groups.

Notational Display
Allegretto in 8
Nl

-
A 3

el
Ll
-

i
<~y

=
[ .\, W2 A
Sy TN M

d
A Ly
L™ — A

Contents of Recorded Excerpt
in Strict Rhythm

He b ol )
- g MG QR e 08 OO

PN ~=xy

.-p.f‘\

(Played or clarinet)

%ﬂ
E
1]
H-y 1
v
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Overall Rhythmic Inaccuracies, Item No. 20

Questions
What is wrong with the rhythmic performance of this excerpt?

Answer Array

A, The tempo accelerates.

B. The tempo decelerates.

©. The quarter notes are played as half notes.

U  [{here is nothing wrong with the rhythmic performance.

Notational Display

Aliagro
b
by T —
M £ <0 I3 S wm_ ]
— 2 ¥ 1 N
L ’ | O

Contents of Recorded Excerpt

Push!
[l)i i S ~
B L —— %i: <=4 (Played on euphonium)
I
Faulty Interpretations, Item No. 4
Question

What is wrong with the performer's interpretation of this melody?

Answer Array

A. The rubato is excessive,
B. The rubato is insufficient.
C. The tempo is inappropriate.
D. The articulation is incorrect,
Notational Display
Lento .
%;* : — 1 r 4 7
AW Lr 4 ~f I I g
FLa ") I POl 7 L 1 L
%};__c‘* -
mf
Contents of Recorded Excerpt
J§]1egretto .,
A i 4
s [ (Played on flute)
Ca == —
mf
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Faulty Interpretations, Item No. 11

Question
What is wrong with the performer's interpretation of this melody?

Answer Array

A. The tempo is inappropriate.

B. The articulation is incorrect.
C. The dynamics are unobserved.
0. The rubato is excessive.

Notational Display

Andapte
DN& & 1 TN =]
LA T - e 1 —? Py SR B |
a7l al . - O [
Gttty
Kvi g T et
mf
Na L e N
Yoo . 1 L rd \ ll v
A ) - - > 2 & ~_ 1,
f(a\Y TY { : r t r Fl1 Tiol
W) b P’ R e
J - 1 A - | ~3
Contents of Recorded Excerpt
Andante,detached
_hd_g: ’ : 1 ‘/ \I 4 -
m [ X l}‘__J 2 ) s s
yadh K R . I AN X308 4
v A e | 1 1 L S I o
E) . . . . 11 o
mf
-B*:*;:if\ts—’fﬁ: 1 Lﬁ'ﬁér:xnigfﬁg:zhﬂ“*f
. f A A I e wine ﬁizﬂ (Played on trumpet)
S NI L ) A b
J v = 1
Historical Classification, I[tem No. 2
Question

Is this excerpt most representative of the Baroque, Classical,
Romantic, or Modern Period?

Answer Array
B c R M

Hotational Display
{none)
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Contents of Recorded Excerpt
Excerpt from first movement of Trio Sonata in Ff Minor, by Sammartini.

Histortcal Classification, Item No. 17

Question
Is this excerpt most representative of the Baronque, Classical,
Romantic, or Modern Period?
Answer Array
B C R M

Notational Display
{none)

Contents of Recorded Excerpt
Excerpt from second movement of Symphony No. 1, by Mahler.
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Table 16
Medley Procedure for Omitted Notes,
A1l Students
Source of Variation DF s s
A. Group receiving computerized version
(1) Students 3 29.9984 0.9677
(2) 19 57.4984 3.0262
(3) 589 62.2516 0.1057
(4) Total 839 8
B. Group receiving conventional version
5; 27 16.8214 0.6230
6 19 27.0785 1.4252
7} Error 513 80.3215 0.1566
(8) 113 1282213
C. Combined groups
(9 59 47,3292 0.8022
§1o 19 77.9292 4,1015
N 121 149.2208 0.13%0
(12 1139 .
D. Analysis of equivalence
13) Groups (9-1-5) 1 0.5094 0.5094
14) Students (1 + 5) 58 46,8198 0.8072
15) Items (10} 19 77.9292 41015
16) Error betwecn versions (11-3-7) 19 6.6477 0.34%9
}é Error within versions (3 + 7) 1102 142.5731 0.1294

Test for Criterion 1: Are students ranked in same orde

r?

a MS(“} . . : A
F (5 2.7040; p <.005, cr:terion not met.

Test for Criterfon 2: Are variances of errors of measurement equal?

Fa %m = 1.4816; p <.005, criterion not met.

Test for Criterion 3: Are variances of obiained sccres equal?

F }"%E;g » 1.5533; NS, criterion met.

Test for Criterion 4: Are means e€qual?

F =

MS(14) - .
Bl1s) 1.5846; NS, criterion met.
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Table 17

Medley Procedure for Omitted Netes,
Lower-term Students Only

Source of Varfation DF SS MS

A. Group recetving computerized version

(1) Students 17 17.9250 1.0544
(2} Items 19 39.0972 2.0577
(3) Error 323 32,3528 0.1007
(4) Total 359 89.3750
B. Group receiving conventional version
(5) Students 15 10.7875 0.7192
{6) Items 19 14.3875 0.7572
(7) Error 235 45.7125 0.1604
(8) Total 319 70.8875
€. Combined groups
(9) Students 33 31.4485 0.9530
{(10) Items 19 47.0867 2.4782
(11) Ervor 627 84.4633  0.1347
{(12) 1otal 672 162.9985
D. Analysis of eguivalence
{13) Groups (9-1-5) 1 2.7360 2.7360
(14) Students (1 + 5) 32 28.7125 0.8973
{15) Items (10) 19 47,0867 2.4782
(16) Error between versions (11-3-7) 19 6.3980 0.3367
{17) Error within versions (3 + 7) 608 78,0653 0.1284
(18) Total (12) 679 162.9985

Test for Criterion 1: Are students ranked in same order?

|

2 MS(he) . . ;
S(s,) 2.6223; p <.005, criterion not met.

Test for Criterion 2: Are variances of errors of measurement equal?

= M0s) 21 6008; p <.001, criterion not met.

- BS(4)
Test for Criterion 3: Are variances of obtained scores equal?
F= ﬂ§(1) = . ;
() 1.4661; NS, criterion met.
Test for Criterion 4: Ave means equal?
f = ﬂ§ﬂl!; = 3.0491; NS, criterion met.
- 7 MS(hs

126



118

Table 18

Medley Procedure for Omitted Notes,
Upper-term Students Only

Source of Variation DF SS MS

A. Group receiving computerized version

(1) Students 13 6.1429 0.4725
(2) Items 19 23.4425 1.2338
(3) Error 2471 24.8571 0.1006
(4) Total 279 54,4429
B. Group receiving conventional version
55 Students B 6.0333 0.5485
6} Items 19 14,6666 0.719
{7} Error 209 35.9668 0.1721
(8) Total 239 56.6667
C. Combined groups
(9) Students 25 12.7923 0.5M7
{(10) Items 19 34,2385 1.8020
(11) Error 47¢ 61 .3615 0.1292
(12) Total 519 108.3923
D. Analysis of equivalence
(13) Groups (9-1-5) 1 0.61€17 0.6161
(14) Students {1 + 5) 24 12.1762 0.5073
(15 Items (10) 19 34.2385 1.8020
Error between versions (11-3-7) 19 0.5376 0.0283
Error within versions (3 + 7) 456 60.8239 0.1334
Total (12) 519 108.3923
Test for Criterion 1: Are students ranked in sane order?

__M_S_(l";:A .
L MS(16 .7138; p <.001, criterion not met.

P

iest for Criterion 2: Are variances of errors of measurement equal?

F = (s ; 1.7107; p <.001, critericn not met.

Test for Cr1ter10n 3t Are variances of obtained scores equal?

- MS(s) . . NG ,
ﬁ§( ) < 1.1608; NS, criterion inet.

Test for Criterfon 4: Are means eoual?

L MS(ha) . ) oy
F BS(,0) 1.2145; NS, criterion met.
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Table 19

Medley Proccdure for Overall Rhythmic Inaccuracies,
A1V Students

Source of Varijation DF SS MS

A. Group receiving computerized version

(1) Students 31 32.7609 1.0568
(2) 1tens 19 62.0171 3.2681
(3) Error - 589 60.6329 0.1033
(4) Total 639 55,6109

B. Group receiving conventional version
(5) Students 27 10.0339 0.3716
(6) Items 19 31.3768 1.6514
(7) Error 513 93.5732 0.1824
(8) Total 55 13%4.9839

C. Combined groups
(9) Students 59 43,2367 0.7328
(10) Items 19 86.8367 4.5702
(M Error 1121 160.5633 0.1432
(12) Total AEE 790.6367

D. Analysis of equivalence
13) Groups (9-1-5) 1 0.4419 0.4419
14) Students {1 + 5) 58 42.7948 0.7378
(15) TItems (10) 19 86.8367 4.5702
(16) Error between versions (11-3-7) 19 6.1572 0.3241
(17) Error within versions (3 + 7) 1102 154.4061 0.140%
(18) Total (12) 1139 290.6367

Test for Criterion 1: Are students ranked in same order?

= _M_S.(lﬁ) = .
E= Y = 23133 p <001, criterion not met.

Test for Criterion 2: Are variances of errors of measurement equal?

2 Ms(a) . :9, .
F () 1.7657; p <.001, ¢riterion not met.

Test for Criterion 3: Are variances of obtained scores equal?

o Ms(h) | )
E- W(s) 2.8439; p <.005, criterfon not met.

Test for Criterfon 4: Are means equal?

:MS(," @ + N, :
F {15 1.6696; N3, criterion met.

128



120

Table 20

Medley Procedure for Overall Rhythmic Inaccuracies,
Lower-term Students Only

Source of Variation DF SS - MS

A. Group receiving computerized version

(1) Students 17 20,7000 1.,2176
52) Items 19 34,3222 1.8064
3) Error 32 34.07/8 0.1055
(4) Total 359 89.7000
B. Group receiving conventional version
(5) Students 5 7.3719 0.4915
(6) Items 19 16.4344 0.8650
(7} Error 285 54.8156 0.1923
(8} Total 319 78.6219
C. Combined groups
(9) Students 33 28,1132 0.8519
(10) Items 19 45,7338 2.4070
11) Error 627 93.9162 0.1498
12} Total 679 167.7632
D. Analysis of equivalence
(13} Groups (9-1-5) 1 0.0413 0.0413
(14) Students (1 + 5) 32 28.0719 0.8772
(15) 1ltems (10) 19 45,7338 2.4070
(15) Error between versions (11-3-7) 19 5.0228 0.2644
(17) Ervor within versions (2 + 7) 608 88.8934 0.1462
(18) Total (12) 679 167.7632

Test for Criterion 1: Are students ranked in same order?

- MSCie) . .
F W5(15) 1.8085; p <.05, criterion not met.

Test for Criterion 2: Are variances of errors of measurement equal?

< M50) _ 1 ass7e .
F MS(3) 1.8227; p <.001, criterion not met,

Test for Criterfon 3: Are veriances of obtained scores equal?

MS
F - R

= 2.4773; p <.0%, criterion not met.

Test for Criterion 4: Are means equal?

F - %%{::; = 21.2397; NS, criterfon met.

129



121

Table 2t

Hedley Procedure for Overall Rhythmic Inaccuracies,
Upper-term Students Only

Source of Yariation DF SS MS

A. Group receiving computerized version

(1) Students 13 11.5750 0.8904
(2} T1tems 19 29.4107 1.5479
(3) Error 247 24.6393 0.9975
(4) Total 279 65,6250
B. Group receiving conventional version
(5) Students 11 2.0333 0.1848
(6) Items 19 16.7333 0.8807
(7) Error 209 36.9667 0.1769
(8) Total 239 55,7333
C. Combined groups
{9) Students 25 13.6173 0.5447
(10) Items 19 42,7904 2.2521
(11) Error 475 64.9596 0.1368
(12) Total 519 127.3673
D. Analysis of equivalence
(13} Groups (9-1-5) 1 0.0090 0.0030
(14) Students (1 + 5) 24 13.6083 0.5670
{15) Items (10) 19 42.7904 2.2521
{16) Error between versions (11-3-7) 19 3.3536 0.1765
é]? Error within versions (3 + 7) 456 61.6060 0.1351
18) Total {12) 519 121.3673

Test for Criterion 1: Are students ranked in same order?

:-M—s_(l‘) = : i
F (. o) 1.3064; NS, criterion met.
TJest for Criterion 2: Are variances of errors of measurement equal?
= MS(h) .

E= ()
Test for Criterion 3: Are variances of gbtained scores equal?

. MS(,)
£t

Jest for Criterion 4: Are means equal?

5.6388, p <.00%1, criterion not met.

= 4.8182; p <.01, criterion not met.

F = MS0a) - 63.0000; NS, criterion ret.
M5(13)
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Table 22

Medley Procedure for Faulty Interpretations,
A1l Students

Source of Variation DF SS MS

A. Group receiving computerized version

(1) Students 31 30.6750 0.9895
(2) TItems 19 61.8750 3,2566
{3) Error 589 61.8250 0.1050
(4) Total 639 154.3750
B. Group receiving conventional version
(5) Students 27 9,124 0.3378
(6) TItems 19 20.6500 1.0868
(7) Error 513 100.4500 0.1958
{8) Total 559 130,2214
C. Combined groups
(9) Students 59 40,2367 0.6820
(10} Items 19 72.3367 3.8072
(1) Error 1121 172.4633 0.1538&
(12) Totatl 1191 285.0367
D. Analysis of equivalence
(13) Groups (9-1-%} 1 0.4403 0.4403
(14) Students (1 + 5) 5¢ 39.7964 0.6861
(15} TItems {10) 19 72.3367 3.8072
{16) Error between versions (11-3-7) 19 10.1883 0.5362
{17) Error within versions (3 + 7) 1102 162.2750 0.1473
(18) Total (12) 7199 285.0367

Test for Criterion 1: Are students ranked in same order?

- MSie) . )
F (1 s) 3.6402; p <.001, criterion not met.

Test for Criterion 2: Are variances of errors of measurement equal?

F= %%é:g = 1.8648; |- <.001, criterion not met.

Test for Criterfon 3: Are variances of errors of obtained scores equal?

=MS(1) = . i o
F () 2.9292; p <.(01, criterian not met,

Test for Criterion 4: Are means equal?

=!'1_s_(lb)= 2 NS
F M50 s) 1.5583, NS, criterion met.
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Table 23

Medley Procedure for Faulty Interpretations,
Lower-term Studeats Only

Source of VYariation DF SS MS

A. Group receiving computerizcd version

élg Students 17 18.7274 1.1023
2) Items 19 34.9194 1.8379
{3) Error 323 35.5306 0.1100
{4) Total 359 89.1972
B. Group receiving conventional version
(5) Student 15 6.4969 0.433
(6) TItems 19 12.6844 0.6676
(7) Error 285 56.0656 0.1967
(8) Total 319 75.2469
C. Combined groups
(9) Students 33 26.1882 0.7336
(10) Items 19 41,0353 2.1598
(11) Error 627 98.1647 0.1566
(12} Total 67 165.3882
D. Analysis of equivalence
(13) Groups {9-1-5) 1 0.9441 0.9441
(14} Students (1 + 5) 32 25.248Y 0.7889
(15) Items (10) 19 41.0353 2.1598
(16) Error between versions {11-3-7) 19 6.5585 0.3457
(17) Error within versions (5 + 7) 608 91.5962 0.1507
(18) Total (12) 679 765.3882
Test for Criterion 1: Are stiudents ranked in same order?
. o MShhe) | QA0 - .
I W(15) 2.2940; p <.001, criterion not met.
Test for Criterion 2: Are variances of errors of measurement equal?

- MS(s) . )
E = j5(;) = 1-7882; p <.001, criterion not met.

Test for Criterion 3: Are variances of obtained scores equal?

F=M01) 2 25063, p <.05, criterion not met.
= MS(s)

Test for Criterion 4: Are neans equal?

F = MS(is) . 1.19675 NS, criterion met.
- MS(IH <

[SEPY
%)

-
I
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Table 24

Medley Procedure for Faulty Interpretations,
Upper-term Students Only

Source of Variation OF SS MS

A, Group recefving computerized version

{1) Students 13 10,1464 0.7805
(2) Items 19 28.8964 1.5209
(3) Error 247 24,3536 0.9860
(4) Total 279 63.3964
8. Group receiving conventicnal version
ES; Students 1N 2.5458 0.2314
6) Items 19 12.4791 0.6568
(7) Errors 209 39,8709 0.1908
{8) Total 239 525958
C. Combined groups
(9} Students 25 12.7000 0.5080
E]O Items 19 34,3000 1.8053
N Error 475 71.3000 0.1501
(12) Total 55 T18.3000
D. Analysis of equivalence
513) Groups {9-1-5) ] 0.0078 0.0078
14) Students (1 + 5) 24 12.6922 0.5288
(15) 1Items (10) 19 34.3000 1.8053
{(16) Error between versions (11-3-7) 19 7.0755 0.3724
517 Error within versions (3 + 7) 456 64.2245 0.1408
18] Total (12) Ny 1783000

Test for Criterion 1: Are students ranked in same orcer?

L HS(e) - 5 oaton :
o« (Y] = 2.6449; p <.001, criterfon not met.

Test for Criterion 2: Are variances of errors of measurement equal?

. M50 .
E = {80} = 516775 p <.001, criterion not met.

Jest for Criterion 3: Are variances of obtained scores equal?

F = ﬁ%g:; = 3,3729; p <.05, criterfon not met.

Test for Criterion 4: Are means equal?

i} MS(,.; . :
Fo=gl,] = 67.7949; NS, criterion met.
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Medley Procedure for Historical Classification,
A1l Students

Source of variation LF SS MS
A. Group receiving computerized version
(1} Students 31 32.7938 1.0579
(2) 1Iters 19 52.2188 2.7484
(3) Error 589 71.0812 0.1207
{4) Total 639 156.0038
B. Group receiving conventional version
(5) Students 27 10.0054 0.3706
(6) Items 19 26.2697 1.3826
(7) Error 513 101.2803 0.1974
(8) Total 559 137.5554
C. Combined groups
(9; Students 59 49,0092 0.8307
(10) Items 19 75.9425 3.9970
(1) Error 1121 174.9075 0.1560
(12) Total RAEE] 299.8592
D. Analysis of equivalence
513 Groups (9-1-5) 1 6.2100 6.2100
14} Students (1 + 5) 58 42.7992 0.7379
(15) Items (10) 19 75.6425 3.9970
(16) Error between versions (11-3-7) 19 2.5460 0.1340
(17) Error within versions (3 + 7) 1102 172.3615 0.1564
(18) Total (12) 1199 299.8532

Test for Criterion 1: Are students ranked in same crder?

< M5(4q} _
F=i5(i1) *1.1672 NS, criterion met.

Test for Criterion 2: Are variances of errors of measurcment equal?

2 Ms(q) | )
F M5(s ) 1.6355; p <.001, criterion not met.

Test for Criterion 3: Are variances of obtatned scores equai?

Fe %%2;; = 2.8546; p <.005, criterfon not met.

Test for Criterion 4: Are means equal?

- Ms(xsg - .
E=wm(,. 8.4158; p <.01, criterion not met.
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Table 26

Medley Procedure for Historical Classification,
Lower~-term Students Only

Source of Variation DF SS MS

A. Group receiving computerized version

{1) Students 17 13.5250 0.7954
(2) TItems 19 35.7194 1.9326
(3) Error 323 32.5306 0.1007
(4) Total 359 82,7750
b. Group receiving conventioral version
Esg Students 15 3.6875 0.2458
6) Item 19 17.9375 0.%441
(7) Error R 285 58.0625 0.2037
(8) Tetal - 33 79.6875
C. Combined groups
(9) Students 33 22.2779 0.6751
(10) Items 19 44,9103 2.3637
Mm Error 627 100.3397 0.1600
(12) Total 578 T67.5279
b. Analysis of equivalence
§13 Groups (9-1-5) ] 5.0654 5.0654
14) Students {1 + 5) 32 17.2125 0.5379
{15) Items {10) 19 44,9103 2.3637
§16 Error between versions (11-3-7) 19 9,7466 0.5130
17) Error within versions (3 + 7) 608 90.593) 0.1490
(18) Total {12) 879 167.5279

Test for Criterion 1: Are students ranked in same order?

. Ms(lb; i )
£ MS(;5) = 3-4430; p <.001, criterion not met.

Test for Criterion 2: Are variances of errors of measurement equal?

fb}%g ; = 2.0228; p <.001, criterion not met.

Jest for Criterion 3: Are variances of obtained scores egual?

H§ g = 3.2368; p <.025, criterion rot met.

Test for Criterion 4: Are means equal?

. MS(::; N )
F M5, 9.4170; p <.005, criterion not met,
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Table 27
Medley Procedure for Historical Classification,
Upper-term Students Only
Source of Variation DF SS MS
A. Group receiving computerized version
{1} Students 13 15.9464 1.2265
(2) Tltems 19 19,6393 1.0336
{3) Error 247 34,4107 0.1393
(4) Total ) 278 69,9964
B. Group receiving conventiuvnal version
(5) Students N 5.4125 0.4920
(6) Items 19 14.8792 0.783)
(7) Error 209 36.6708 0.1755
(8) Total 238 56.9625
C. Combined groups
(9) Students 25 22.8923 0.9157
(10) Items 19 28,5692 1.5036
(11) Error 475 77.0308 0.1622
(12) Total 519 128.4323
D. Analysis of equivalence
{(13) Groups (9-1-5) 1 1.5334 1.5334
(14} Students (1 + 5) 24 21.3589 0.8900
(15) 1Items (10) 19 28.5692 1.5036
(16) Error between versions {11-3-7) 19 5.9493 0.3131
(17) Error within versions {3 + /) 456 71.0815 0.1559
(18) Total (12) 519 128.4923

last for Criterion ): Are students ranked in same order?

- MS(ie) . :
F WS () ) 2.0083; p <.01, criterion not met.

Test for Criterion 2: Are variances of errors of measurement equal?

-

= Ms(s) . ,
F = 15(,) = 1:2595: p <.05, criterion rot met.

Test for Criverfon 3: Ave varfances of abtained scores equal?

= MS(I) 2
F W5(s) 2.4931, NS, criterion met.

Test for Criterion 4: Are means equal?

- MS(h) L .
F i) 1.7229; NS, criterion met.
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QUESTIONNAIRC ITEMS APPENDEL TO BOTH TEST VERSIONS
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QUESTIONNAIRE TITEMS APPENDED TQ BOTH TEST VERSIONS

1. Of the four sections, I thought that the most difficult section for
me was the
____{A) Omitted Notes section
____(B) Overall Rhythmic Inaccuracies section
____{C) Faulty Interpretation section
__._(D) Historical Classification section

2. Of the four sections, 1 thought that the least difficult section for
me was the
____(A) Omitted Notes section
____(B) Overall Rhythmic Inaccuracies section
___ {C) Faulty Tnterpretation section
(D) Historical Classification section

——

3. The overall quality of sound reproduction was generally
{A) very poor and distracting; it nade the questions difficult
to answer.

(B} not good, but it did not interfere with my ability to answer
the questions.

___(C) fair; it certainly was adequate for the test.
__ (D) quite good; it was often enjoyable to listen.

H - ' . . .

4, The overall quality of the notation was generally
(A) very poor; the 1llegibility of the notes often made 1t
difficuit to answer questions.

____(B) not good: but it did not interfere with my ability to answer
the questions,

(C) not comparable to printed music, but it was ¢ rtainly
avequate for the purpose.

____ (D) quite good; it was comparable to printed music in most
respects.
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l 5. With regard to the speed of the test, I think that the test
generally moved
___(A) too slowly; there was neediess delay between items.
(B) at a comfortable pace for me.
(C) too rapidly; there was insufficient time between items.

6. While I was taking the test, [ jenerally felt

(A) quite calm and relaxed; there was very little pressure
on me,

(8) slightly tense; there was some pressure on me, but it was
largely of my own making,

(C) rather tense; pressure was heing placed upon me by tha
testing situation.

(D) quite tense and agitated; I was constantly being pressured
and urged to produce answers.

7. 1f 1 had a choice, I would have praferred to take the test in
(A} the CAI Labcratory, using the computerized instructional
station in an individualized manrer.

(B) a conventional paper-and-pencil testing situatioun, as part
of a group taking the tect simultaneously.

) (C) It really made no difference.
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EXAMPLE GF COURSEWRITER PROGRAMMING

The exaniple below illustrates use of the Coursewriter I computer
language. Literacy in Coursewriter is requirved to interpret the state-
inents, but, esentially, the computer is told what alphameric characters
to display and where on the cathode ray tube screen to display them,
what student responses to expect and what action is to be taken for
each response, what scores to store and where to store them, when to
play a tape segment or display an imege, when to query a student, and
how long to allow for his response. The example includes the program-

ming for the nintli, tenth, eleventh, and twelfth FI items.

FI9*E
PR *E

OF  04/32*EF

FPI 99*E

DT 0,24/4,0+/40,04/(W)HAT 15 WRONG WITH THE PERFORMER'S*C*}

INTERPRETATION OF THIS MELODY{/*E

DT 7,5+/2,7+/35,5+/+, (T)HE ARTICULATION IS INCORRECT.*E

13.5%/2,13+/35,5+4/+, (T)HE DYNAMICS ARE UNOBSERVED.*E

DT 19,5+/2,19+/35,5+4/+, (T)HE TEMPO IS INAPPROPRIATE.*E

DT 25,5¢/2,25+/35,5+/+, (TYHE RUBATO IS INSUFFICIENT.*E

PA 7C*E

AUP FIO*E1040,04/48*¢

450+/QUFI9*E

*E

BR PRI*E
CAP 4,12,3,4+/cc*E
SB C6+/C6*E
14/C3*E
BR PR2*E
WAP 4,6,3,4+/H1*E
WBP 4,18,3,4+/V3*E
WBP 4,24,3,4+/H4*E
BR PRI*E
UU*E
28,7+4/2,28+/33,7+/(T)GUCH ONLY A +, *E
40*E

DE  28+/2*t
26 PR *E
14/C5*E
1+/C6*E

a—t —

- OBV~ oD —
m f=4

el —

©

N = et e ol el ok —d ek
OWO~NNT> W
>
<o

NDANN NN
DN -
ococ
> —2=

~n N
xR~
> >
O Q
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30

FI10%E

W R

— et ek et
NIBWNH=OOVR~NCYOM

N —— — —s
COWO~NO

NN NN N
N P2wn—

N N
~ O

w N N
oW

FITT*E

W n —

—
QWENOWO,

—t ot — et ) b )
SN WA -

WAP
WBP
WBP

UN
DT
PA
DE
PR
AD
AD

BR

PR
DE
FP1
DY

DT
DT
DT
DT
PA
AuP
EPP
NX
BR
CAP
S8
AD
BE

HCTR14/C64/E+/3*E
HCTR1+/C5+/E+/5*E

*E

0+/32*E

100*~E

0,5+/4,0+/40,0+/ {W)HAT IS WRONG WITH THE PERFORMER'S*C*I
INTERPRETATION OF THIS MELODY(/*E

7,5+/2,74/35,5¢/+, (T)HE TEAPO IS INAPPROPRIATE.*E
13,5¢/2,13+/35,5¢/+, (T)HE RUBATO IS INSUFFICIENT.*E
19,54/2,194/35,54/+, (T)HE RURATO IS EXCESSIVE.*E
25,5+/2,25+/35,5¢/+, (T)HE DYNAMICS ARE UNNBSERVED.*E
70*E

FI10*E1089,0+/64*E

450+/QUFLI0*E

*E

PRI*E
4,12,3,44/CC*E
¢6+/C6*E

14/C3*E

PR2*E
4,6,3,4+/W1*E
4,18,3,4+4/U3*E
4,24,3.4+/W4*E
PRI*E

UU*E
28,7+/2,28+/33,7+/(T)OUCH ONLY A +,.*E
40*E

28+/2*E

*E

14/C5*

14/C6¢
HCTR14/C6+/E+/3*E
HCTR1+/c5+/E+/5*E

*E

0+/32*E

111*E

0,5+/4,04/40,0+ ,(W)HAT IS WRONG WITH THE PERFORMER'S?*C*I
INTERPRETATION OF THIS MELODY(/*E .
7,54/2,74/35,3+/4, (T)HE TEMPO IS INAPPROPRIATE.*E
13,5¢/2,13+/35,5¢/+, (T)HE ARTICULATION IS INCORRECT.*E
19,5+/2,19+/35,5+/+, sT HE DYNAMICS ARE UNOBSERVED.*E
25,54/2,25+/35,5+4/+, (T)HE RI'ATO IS EXCESSIVE.*E

70*E

FIT1*E1098,1+/94*E

450+/QUFIN*E

*E

PRI*E
4,12,3,44/CC*E
C6+/C6*E
14/C3*E

PR2*E
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18
19
20
21
22
23
24
25
26
27
28
29
30
FI12*E

O W N —

WAP
WBP
WBP
BR
UN
0T
PA
DE
PR
AD
AD
BR
8R

PR
8R
LD
DE
FP1
DT

DT
DT
1}
DT
PA
Aup
EPP
NX
B8R
CAP
S8
AD
BR
AD
BR
HAP
WBp
WBP
BR
UN
DT
PA
DE
PR
Al
AD
8R
BR
BR

4,6,3,4+/W1*E
4,18,3,4+/U3*E
4,24,3,4+/H4*E
PRI*E

UU*E
28,7+4/2,23+/33,7+4/(T)OUCH ONLY A +, *E
40*E

28+/2*t

*E

1+/C5*E

14/C6*E
HCTR1+/C6+/E+/3*E
HCTRI+/C5+/E+/5*E

*E

PR2+/S3+/1*E

1+4/S3*E

0+/32*E

112*E

0,5+/4,04/40,04/(W}HAT IS WRONG WITH THE PERFORMER'S*(*I
INTERPRETATION OF THIS MELODY(/*E
7,54/2,74/35,5+4/+, (T)HE TEMPO IS INAPPROPRIATE.*E
13,5+/2,13+/35,5+4/+, (T)HE RUBATO IS EXCESSIVE.*E
19,54/2,194/35,5+4/+, (T)HE DYNAMICS ARE UNOBSERVED.*E
25,5+/2,254/35,5+¢/+, (T)HE ARTICULATION IS INCORRECT.*E
TO*E

FIT2*E1110,2+/86*E

450+/QUF112*E

*E

PRI*E

4,6,3,4+/CC*E

C6+/C6*E

1+/C2*E

PR2+/c5+/G+/0*E

3+4/C3*E

FI16*E

4,12,3,4+/H2

4,18,3,4+4/H3*[

4,24 ,3,4+ /U4

PRI*E

UU*E

28,74/2,28+/31,74/(T)OUCH ONLY A +,.*E

40*E

28+/ 2*E

*E

14/C5*E

1+/C6*E

HCTRI+/C6+/E+/3*E

HCTR14/C5+/E+/5*E

FI9+/C5+/E+/1*E
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EXAMPLE OF STUDENT RECORDS

Detailed {nformation regarding any student's performance con the
IEM 1500 Instructianal System is available through student records.
This example 1ists the performance records for six students on the
fourth ftem of the ORI scale, Informition contained includes the code
number of the question (QUOR14 in this exarple), the code numbers of the
students, time elapsed betweer. the end of the playing of the taped
musical example and the students' responses, the response code and

location of the studes’s' response, and the dates and times of the

responses.

COURSE  SEG S EP IDENT.  LATENCY MATCH DATE TIME

MUTCS 0 Xx27 QUORI4 39.5 cC 10/8/70 14:53.93
RESPONSE - ROW 24 COL C5

MUTES 0 Xx28 QUOR14 12.1 W1 10/6/70 13:38.7
RESPONSE - ROW 06 COL C5

MUTES c x29 QUORI4 11.3 cc 10/5/70 14:51.1
RESPONSE - ROW 24 CUL C5

MUTES ¢ X309 QUORI4 4.0 cC 10/9/70 10:31.30
RESPONSE - ROW 25 COL €5

MUTES 0 N QUORI4 13.3 cc 10/5/70 14:42.39
RESPONSE - ROW 24 COL C5

MUTES 0 33 QUORI14 12.5 W1 10/8/70 9:57.89

RESPONSE - ROW 06 COL C5

pad
-
71
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SELECTION OF TESTS FOR PROGRAMMING

i — e —

] There were five tasts from which to select in the pitch area. The
EN test was administered to a group of students t00 small for the estab-
] 1ishment of meaningful descriptive statistics. (See Chapter III,
pages 44-45.) The item difficulty indices tend to be weighted toward

T st

the less difficult end of the MI scale (Table 1, page 63); the TC test

may have contained, at the time of empirical trials, unrealistically

| wtgtatns

difficult items (Chapter I1, page 44). The HI test after trial was

y found to contain a sparsity of easy {p > .70) items (Chapter JII,

B page 43). The ON test does not contain the problems associated with

{ the other pitch tests; furthermore, the melodies of the CN test are of
greater musical interest than isolated triads and intervuls. Therefore,

j the ON test was selected for programming.

J Three tests were developed in the rhythm area; *he stri<tly visual

IMS test was never administered (Chapter III, page 48). The ORI tast

was selected for programming in prets.ence to the RD test because the

ORI item difficulty indices are spaced at more nearly equal intervals

- than the RD item difficulty indices (Table 1, page 63), and the raw

data obtained from the trial of the RD test might have been confounied

by student response patterns (Chapter II1, page 45).

In the interpretation area, there were two tests from which to
select. The BP and FI tasts were each successfully administered; the

descriptive statistics obtained were simil.. (Table 2, page 66). How-

correlation between difficulty scates cbtained at the respective patrs

o of {institutions favored tke Fl test (Table 3, page 70). Furthermore,

i ever, each test was adminfstered at two ins”itutions, and the rank-order
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the FI test, albeit subjective (Chapter III, pages 37-38), requires, in
the opinion of the researcher, a broader range of thinking than the
identification of unmusical interruptions in the BP test, and the FI
test was selected for programming.

The HC(L) version of the HC test was selected for progranming in
tha style area primarily because it was the ona test that had been
adminisiered at The Pennsylvania State University. The HC(?) version
evidently is dissimilar to the HC(L) version because the rank-order
correlation of the difficulty rankings for each test is not close to
1.00 (Chapter III, page 50). It was not possible to administer both
HC versions to the same students, hence the decision was made to program

the HC(L) version.

148



—

CTG2)

00

100
101
ICz
103

200

300
310

320
330

380
350
i

TEGD
801
£02

S hO3
[N
605
£oe
€07
LUR
&0y
S0
39
&1z
63
Jii
615
L16
&1/
Olo
L
620

ERIC

Aruitoxt provided by Eic:

'nn'. : UYL T Nl AT ARD AN
"77".-5—1\!31"1 . »F——-ﬁ' 1 gy ar [ TR I AN S RALFY
' ] BTN AR TRt SRR IO P
i . E;(L ’Té“« l’n -“; W RO Tona, (7T 1S LOCUMLNT COlYmcHTLDY ves [7) e [
, 'v - 7 ] 1 LRIC AcusonucTion neLesscr vee (] Lo "y
."T;‘T r"—""”""“ - I ainerel Lanas’
1
5 Development of a Test for the Nonperfermance Aspects of Music Education
|
i
N e — . .
v AsON‘L YRRty
f Radwcy, Rudolf E. o J
F_;—(-L'I-;J—Yl ," /’ J‘ , l ;':._:.‘_‘:__'_:"'::'_._Z’_""' T I T I I L TS LT L T T s .:-;-:1*;;:;-; < OC;‘
!., . The Pennsyivania State University, Univorsity Pavd, Pa. 16807 _ §
l(‘vnlsrlu--o - e oed
CATGITE U - Tt T ‘ - ""’“"“"'Q,‘;?T.' rrYni
Ces. ~ fssisted Instruction Laboyatory, 201 Cherbers:Building i R-38

f‘l-un»tlnl l IO

[FO L e s0ia

v 0E6-2-700013(509)

]Lnuv 3 \C I IAH\ " _dum |r

P SCITR VIR EA

l‘ ,"L.‘.I L_t“-—t-._ ‘”",,‘ T T L N R T R e T L S L T T T T T T N S I S T e e e T LN TR -....:_:...:____.._—-_-‘J
i computerized testing; criterion-referencec testing; incremental testing; !
I music education; music testing; scquential testing; nonperformance nusical I
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A prototype computerized criterion-referenced test of certain nenjerformence '
rusical behaviors was devaloped at The Pennsylvania State University, wilh the ;
iexpectation that the test could provide a pattern for developnent in sinilar situa
Itions, : '
A total of 783 critericn-refercnced test items were adainistered to under- .
qraduates, Tiem difficulty indices were computed, and twenty-iten scales, arvanged
in order of difficulty, were selected for cach of tvelve subtests., Four sublests

were prograssed for the 181 1500 Instructional & stem.
A scquential or incremental proyrariing st ceqy was adepted. A student

receives avery fourth itom of each tuenty-item .ale until he makes an initial error|
A reverse branch of three then occurs: the forward increment is changed to one, Each|
subtest 15 terminated when thrce surcessive errors occui, a total of five errors |
occurs, or the end of the scale is rcached, MNonadninistered items are assuned to be
currvect if they are of less difficulty than the nost difficult correctly answered |
adiministered item, !
! ithile not statistically eguivalant to an off-linc version of the <ii test, the !
!computcrized tost performs adequately from a gualitative standpoint. Fkejinenent by

ircorderin) of the ftems on the basts of more stable indices of difficulty is recom-

mended for quantitative improvement. ;
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