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Introduction . .

" North Texés‘State Univéfsity (NTSU) school of Music is
developing a versatile microprOCésgér—based music éomputer—
assisted instruction (th) system, §upbdrted by a‘grant'froh the
Apb]e Education Foundation. The system utilizes the experience
NTSU has gained from the developmentibf its ear trainiﬁg‘CAI lab,
which uses eight dedicated terminals on a Hewlett-P%Ekard 2000

Access System (Killam, Bales, Hamilton and Scott, 1979).

Backgrpund ' :

Ear training CAI 1is approaching‘the completion of its.fjfst
decade of ddvelopment. The firét,system which accessed sound in
a CAI environment was tested at Stanford University in November,
1972, the first:use of ear training_CAL was by Stanford under- |
graduate music theory classes in the spring of 1973 (Killam and
Lorton, 1974).

Ear training (the developmentof auditory perception skills
in music) is an esséntiai part of the curkicu]um of.a]l‘ba§1c

1.




music theory and fundamentals courses. Ear training instruction
- has unique needs; foremost of which is the need for musicél
sound which can be controlled and répgated by the users:  a need
which is uniquely met_throughACAI.‘ The first experiments in ear.
training CAI have been followed by a nﬁmber of projects, in;]ud-
ing those at the University of Delaware, the University of Il1li-
nois, the University of Minneéota;_fhe University ofi Nebraska,
the Univefsity of Niséohsin and Florida State University, to
name a few 1ocations The International Consortium of Computer;
based Music Instruction, a spec1a1 1nterest group of the Assoc1-
ation for the Develoomentof Computer Instructiona] Systems,
serves as a group central to the deve]opmgnt and disseminatlon
of information on musxc CAL. ’

In 1977, the NTSU School of Music began 1ts ear tra1n1ng
CAI development. An e1ght term1nal ear training CAI Lab was
opened in the School of Music in Sgptember, 1979. Since that
time, approximately 400 students per semester have registered to
use the Lab as an adjunct to their classroom studies. Course-
ware has been expanded to more than 200 lessons, covering the
freshman and sophomore ear trainiﬂg'éurricu1ﬁm. |

NTSU has received requests from all over the country for
information and advice on ear training CAI development. One fact
has become increasingly clear: other schools do not need nor can
they support a hardware configuration so extensive as NTSU's.

One logical solution to this problem is a second generation




software system derived from the authoring language developed by
R1chard Ham11ton for NTSU's system ' |

The App]e Educat1on Foundat1on has funded a grant for con-
version of NTSU's driver from H-P BASIC to -PASCAL and for devel-
opment -of a software interface between our-driver ahd'twd

commercially-available sound sources: ALF and Micromusic.

Current CAI Systems Programmer Doha]d Marshall was respon-
sible for the deve]opmenf of the PASCAL'drivef;. At the outset
of the project, he decided that conversion of a BASIC prdgram
of the size of the NT CAI p.a'c':kag.e {however well-structured) to the
higher level language of. PASCAL wou1d take longer than %he writ-
ting of an entirely new curr1cu1um driver in PASCAL The new |
i PASCAL dr1ver developed by Mr. Marshall is based on his extensive
| experience with and responSib111t1es for'the music CAI environ-
ment. The driver is complete and has beed successfully tested
for execution and lesson huthoriné. - |
f The scope qf the cdrreﬁt research.does not cover conversion
i of the following areas of the NTSU system: ‘ ’
_ 1. the music graphics presentat1on, which is depandent on
’ a unique character setdeve]oped here and ava11ab1e only
on NTSU's CRT terminals (Hamilton and Kl]lam, 1979);
2. the extensive data-keeping éysfem; ‘ '
3. the courseware, the printout of which now requires over
300 pages.
Each of these three items poses different reéearch and

development questions, which we propose to address in ‘subsequent
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research. However, the scope of our current effort is to pro-
duce the necessities for implementation of effective music

CAI: a system which allows others to deve10§ their own CAI cur-
ricula with readily-availabie hardwére and software.

The system. under development provides a clear, economical

format for curriculum development and entry, untilizing the pow-

erful music encoding capabilities of Dan W. Scott's code (Hamil-
ton and Scott, 1978), and requiring no additonal programming

effort on the part of the developer.

Method

Our experience with various computer languages has led
us to choose PASCAL as the language in which the software is
written. The structured nature of ?ASCAL and its excellent
editorvand disc operating system have aided our work. Apple
PASCAL's string manipulation and Tinked list structures:are a
great help with lesson 1/0 and exeéﬁt{on. The anticipated devel-
opment.of music graphics will be afded by the graphics capabili-
ties of PASCAL.

The hardware configuration negaessary to support our soft-
ware is: ' |

48K Apple IT1 computer

Disk IT drive wifh coﬁtro]ler.

Disk II drive only

High-Speed Serial Interface (required for full functioning
of the driver; not required only if no printed output
is planned)




K

' Pascal Language Kit
Video Monitor-II‘(B&N)
Music Synthesiger'(ALFfor M1pr§music)
Monauralfamp1ifié¥A | |

Headphones or Speaker

Scope and Limitations

Those first cpnsidering ear training CAI oftén assume that
representation of traditonal music notation is fundamental to
curriculum de&e]opment;ﬂur experience has shown music notation
to be valuab]e, but- not essent1a] Most of the auditOry concepts
centra] to music are trad1t1ona11y described in aipha numeric
terms, e.g. 1ntervals, chord quallty and inversion, and harmon1c
function 1in tonal'harmony Presentatzon of traditional notation
of music on a CRT or even on a paper term1na1 is not difficult,
but the design of graph1cs which can be eas11y man1pulated by thé
student user in a context similar to trad1t1ona1 paper-and- penc11
notation is d1ff1cu1t ‘ Mus1c is written in a form c]ose]y resem-
bling a two d1men510na1 matr1x, whi]e CRT s are pr1mar11y des1gned
for the sequential 1nput of the pr1nted word Music percept1on
and translation of ;hat percept1on 1nto notat1on composé a com-'
plex relationship, on which much mofe-reéearch needs to be done
to determine effect1ve sequences of sk111 deve]opment The prob-
jem is best exemp11f1ed through a mus1ca1 fragment such as that

shown in Fig. 1.
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Figure 1. Musical fragment, showing probab]é first perceptions

The notes circ]ed'in Fig; 1 would be those more Tikely to
be perceived‘first by a.béginning music student, although this
probability is‘based ubon ihformal‘knowledge'gained ih classroom
teaching, not formal exberiment; The degramming techniques
which allow students to enter the notation they perceive first,
and the procedhres for checking énd7corrécting their first,
partial- answers are extremely comp1ex. At NTSU, we have.been
working on these problems since thefbeginning of our CAI develop- -
ment. Current ;olutioné are‘beyond the range of moderately-priced
hardware and lack formal experimental proof of their.effectiQe-
ness. Any solution which forces the student‘to enter notation
in a manner which does not reinforce his basic musical perception
ijs of dubious educational value. Therefore, we chose tb‘concen-
trate on providing an efficient method for teaching and Iearhing

the many elements of ear training which do not require notation.




NTSU keeps data on each student by name, student ID number,
sex, performing instrument,.théory coﬁrse~and section. The stu-
dents' session times are recorded by minute, hour, and day of
year. The traﬁsposition of musical examples, students' first
and lTast answers to these-examples,fand student requests for
musi; repetition are recorded. These data form the bas{s for a
variéty of statistical sumharies;.inc]uding ﬁeek1y reports to
teachers of the 30-40 ear training sections,-on their students'
achievement.” Schools with smaller student bodies do not need
this amount of record keeping. -We deci@ed to postpone imp]emén-
tation of data saving to a subsequent research effort, in order
to establish a fully;functionalldriver in the time frame of the
Apple Educational Foundation grant. The competence-based cur-
riculum model was retained, and the curriculum author may specify
the percentage of accufacy which studénts must attain on any les-
soen tg receive a compietion messagé from the dﬁiver. |

The current researcﬁ does noflihclﬁde curriculum conversion.
NTSU's curriculum is carefu]]y sffuéturedAand'sequenced to re-
flect our philosophy of theory béaagogy'and the profile of our
student body. The purpose of this_reééarch project is to provide
a means by which others cah develop eaé training curriculum ma-
terials wﬁich refle#t their paftiéﬁ]ar instructional methodology.
Recently, several institutiohs have approached us about conver-
sion of our coursewére; weAare investigatfng alternatives for

conversion and dissemination of our courseware.




Proposed Population

Qur experience has shown that a.ratio of approximately one
terminal tov75 potential student users allows adequate'student
access. Thus, schools with a total population of 50-100 students
in music fundamentals will probably need on]y one system.
Competence-based curriculum encourages equitable and efficient
terminal use; students who mﬁster the material quickly free the
system to allow more time for slow students. The driver is
constructed to give the widest possible Tatitude.to courseware
authors and should support ear training CAI deve1o§ment for any
age range. The driver wi}] supportdeQeIOpment of drill and
practice courseware in a variety of areas outside of music, but

such development and testing js outside the scope of ‘our research.

Results
A. Curriculum drfver

The concept of a curriculum drivér has evolved slowly in
CAI. Even today, much experimental CAf for microproceséors is
writtén with necessary software embgdded in each lesson. Speci-—
fication of a software package suppokting curriculum design and
use requires detailed knowledge of éonteﬁt, plus ieaching_and
learning strategy. vNTSU's curricu]dml&fiver has been under
continuous development sihce'1977;.é systems pngrammer'maintains
and expands the complex of related programs referred'to as the
"driver". A detailed report on the résearch which resuited in

the PASCAL driver will be presented in a subsequent paper.




Several features give particular support to courseware
authors. No'prior knbw]edge of cdmputer languages is required
for authoring. Musiﬁ c&n be encoded for”preéentation at speci-
fied pitch or by random transpositioﬁ. Questions can be pre-
sented to students by random access or in a predetermined ordéf.
Musical examples .requiring no response from the student can be
interspersed with written text. Figufe 2 presents the printout

from a sample lesson.

‘8. Interface with sound generation systems

Interfacing the commercially-produced sound systems to -the .
CAI environment has prdved to be no small task. The work is sub-
staﬁtia]ly compfete, and uses Dan H.»Scoft's encoding system for
music. The encoding system utilizes a var%ety of defau]t-va1ues,
economizing on the amount of time required of authors for music
encoding. An additional advantage is that a lesson prepared for
one sound source can be used on the other, increasing the versa-
tility of courseware. prepared on the system.

C. Testing | ‘

A small group of NTSU lessons will adapted and converted
for the Apple system and tested with a selected student popula-
tion. These lessons will be selected for their close paralie]
to previous courseware which has had extensive testing at other
sites, so that student performance data may be compared (Hofstef-4
ter,‘1975). Lesson authoring on the Apple system has pro#ed to

be an easy task.
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SAMFLE INTERVAL LESSOH FAGE # 1

ADAPTATION OF NT H-P I17 (19380)
HARMONIC INTERVALS IN 8VYa
STARTED 2/25/780y UP evvev RNK

MAZ = MAJOR 2ND MI2 = MINOR 2ND
MAZ = MAJOR 3RD MI3 = MINODR 3Rt
F4 = PERFECT 4TH FS = FERFECY STH
MAasd = MAJOR &TH MI6 = MINDR &TH
MA7 = MAJOR 7TH MI7 = MINDR 7TH.
F8 = PERFECT 8VA TT = TRITORE

$Ny THIS LESSON HEL®S YOU LEARN--
——meeHARMONIC INTERVALS.
0o YOU WANT INSTRUCTIONS?

(TYFE Y OR N)

HARMONIC INTERVALS ARE 2 PITCHEGS--
——FLAYED AT THE SAME TIME.
I‘LL PLAY INTERVALSs AN 8VA DR SMALLER

MAZ = MAJOR 2ND MI2 = MINOR 2NIv
MAZ = MAJOR 3RD MIZ = MINOCR 3RD
p4a = PERFECT 4TH P53 = PERFECT 3TH
MA& = MAJOR &TH MI& = MINODR &TH
MA7 = MAJOR 7TH MI7 = MINOR 7TH
PR = PERFECT 8VA TT = TRITONE

$N» HERE’S A SAMPLE QUESTION-—
————— (WITH ANSWER)-———-

T: $R 4C D-W 4R RQ 7

Fi4

T: #Ns THE CORRECT ANSWER IS MI2.

F3

£53

T3 REMEMBER$

T: MI = MINOR MA = MAJDR

Tt B = PERFECT TT = TRITONE

T: TYFE % T KREHEAR THE INTERVAL
; Te TYPE //HINT TO REVIEW ANSWER FORMS
; T: TYFE YOUR ANSWER AFTER THE X .
’ Eis

71

375

Ti

T: LET’S GET STARTEDy $N!!
Pri2<niINIFY/1043%

<HR
<$R
L8R
3R
“$R
Z$R
<8R

AC D~ AR RW PIMI2:
4C DY AR RW 7TI1MAZ>
40 E-W 4R RW 7IMI%>
4C EW 4R RUW 7 1MA3:
4C FUW 4R RW 7!P4>
AT F4U 4R RW 7ITTE
AC GW AR RW 7!PS>

Figure 2. Printout of Sample Lesson
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Discussion

This paper constitutes the first presentétion of research
currently underway at ﬂTSU to provide anleffective microprocessor
syétem for versatile music CAI. Reaspns for the approach se-
lected and limitations of the scope.of. the research have been
présehted in detail, so that the reader may bhetter understand»}
the goals of the project.

A decade of research has proved that. development of audi-
tory skills in music is effectively approached through CAf (Kil=-
lam and Lorton, 1976; Hofstetter, 1978). - The students' need for
musical sound, individualized approach. and feedback can be met
optimally through CAI. Nationwide, several music CAI systems
have been developed (Aﬁénson, 1978). . Their effectiveness as
learning tools has been documented in the Titerature.

Our current research has attémpted to meet the needs of
schools wishing to'deveTOpAtheifhown CAI programs. The needs
of music CAI--hardware‘aﬁd the software to ihtegrdté sound into
courseware--can be mét through'fhélconffghration'fbr,a stand-alone
system described in this paper. ,Thé'pfimary thrust of our work
has been to integrate commercially-produced and readi]yjavailable
hardware through complex software déye]opment, so that prospec-
tive courseware éuthors can have the advantages of a sophisti-
cated curriculum driver to support ﬁhefr-instructional desién.-

The object throughout has been to provjde a system with the versa-

"tility to meet the widely varying needs of others who wish to

participate in the continued development of music CAIL.
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Summary and Proépects

The intensity and extent of the research effort described
herein present the tehptation to proclaim the results as the
ideal and ultimate soluiion~toAthe problem of music CAI needs.
However, the original intent never was to solve all the problems
attendant on music CAI.development. Rather; the intent was'the
creation of a versatile system, immediately dsefu] for curriculum
development and presentation. Three areas of research were, at
the outset, excluded from our current research: those areas of
screen notation of music, data keeping, and courseware conver-
sion. These'afeas offer exciting prospects for future enhanée-
ment of the current system. The current reséarch is substantia11y
completed; subsequent documentation will detail the technical

aspects of the software.
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