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SUMMARY

The purpose of the study was to explore the feasibility of computer-
assisted instruction (CAI) in instrumental music through the developmeht and
evaluation of a course in articulation, phrasing, and rhythm on the inter-
mediate level for clarinet. Considering the newness of CAI, a feasibility or
developmental approach was chosen rather than a more structured design such
as a comparative study.

Generally, a dual program was developed: 1) an aural program on-1ine (via
CAI) emphasizing aural-visual discrimination, and 2) a related playing-
recording program off-line (without computers) using specially modified tape
recorders programed with pre-recorded models. Some playing-recording was also
done on-line, however, integrating the playing and ear-training programs even
more closely.

A pilot trial of approximately eight weeks was conducted with fourteen
clarinetists of varying ability in grades seven to ten. The usual procedure
was an hourly student session, a half hour on-line and a half hour off-line,
twice a week. On the basis of this trial which provided detailed CAl student
records, the course was extensively revised, and a functioning course is now
available for the IBM 1500 Instructional System. This system includes image
projector, play-record audio unit, and a cathode ray tube display with keyboard
and 1ight pen,

While certain modifications in audio capability of the 1500 system might
be necessary for certain other areas of music instruction, the fidelity was
adequate for the present program. Although the present system cannot listen
to the student recording, it can efficiently and systematically present master
models as feedback for the student to compare with his recorded version. The
system can flexibly coordinate presentation of aural-visual stimuli and can
objectively process student typewriter or light pen responses. For aural-visual

discrimination training employing such a response, CAI seems particularly well
adapted,

vii
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CHAPTER 1
INTRODUCTION

This project was undertaken to explore the feasibility of computer-assisted
F instruction (CAI) in certain areas of aural-visual discrimination and perform-

g ance skills in instrumental music. Enough studies in programed instruction had

been undertaken to indicate that through such individualized approaches suffi-
cient learning couid occur to warrant investigation of a computer-controlled
program. The computer with its capacity for information storage and processing,
as well as the coordination of the audio and visual presentation, appeared a
promising medium for individualized music instruction.

At the time the current investigation was proposed to the U. S. 0. E., no
reports on computer-assisted instruction in music could be found. Individu-
alized programs using non-computerized technology had been reported by Spohn
(1963), Carlsen (1964), Kanable (1964), Ihrke (1963), and LeBach (i965). After
the current project began, experimental work in CAI was reported by Kuhn and
Allvin (1967), and a Systems Development Corporation study with keyboards was
initiated.

Purpose of the Study

A developmental or feasibility study was considered the most appropriate
approach because of the newness of CAI and relative lack of research in pro-
gramed instruction in music. The study was undertaken with three objectives
predominating: 1) investigate the feasibility of CAI for individualized instruc-
tion in aural-visual discrimination and performing skills in instrumental music;
2) develop a functioning CAI program in aural-visual discrimination integral to
instrumental performance (specifically clarinet); and 3) develop a prototype
drill program for practicing skills in articulation, phrasing, and rhythm on
clarinet, using both CAI and non-computerized lanquage lab machines.

Objective One: Investigate the feasibility of CAI for individualized
instruction in aural-visual discrimination and performing skills in instrumental
music. The investigator believes the profession has a mandate to explore new
technology which might lead to significant breakthroughs in music instruction.
This theme was strongly emphasized at the National Conference on the Uses of




Educational Media in the Teaching of Music. In the final report of that con-
ference is this statement by Harold Arberg (1965), Director of . S. 0, E. Arts
and Humanities Program:

". o ointerest in the arts and humanities has never been
greater. . . . [This] national interest, coupled with the
technolcgicai revclution through which we are passing,
brings its own imperative for the thoughtful consideraticn
and action of music educators.”

The Tanglewood Symposium also stressed the view that music educators have
not effectively applied new technological Zevelopments. A continuing dialogue
with manufacturers was suggested to encourage and inform industry of the tech-
nological needs and problems of the profession. Included in the Tanglewood
Declaration (1968) was the recommendation that developments in educational tech-
nology and computer-assisted instruction be applied to music study and research,

Objective Two: Develop @ functioning prototype CAI program in aural-visual
discrimination training integral tc instrumental performance (specifically clari-
net). The investigator has long felt the presence of overemphasized manipu-
lative technigues in instrumental instruction and a corresponding lack of gen-
eral aural concepts and necessary discrimination training. Too often students
engrossed in technical problems of blowing, fingering, tonguing, and note
reading are apparently unaware of the underlying aural concepts. It would seem
that a student with a sound aural concept of a particular articulation style,

for example, would spend less time and commit fewer errors in attempting to
execute such style on his instrument. One who has been aurally trained in
phrase-oriented breathing and in articulation patterns would reasonably be
expected to make fewer performance errors in breathing and articulating. Aural
understanding may be no guarantee of fine instrumental performance, but appar-
ently is a prerequisite. As Carpenter {1965) suggested, ". . . emphasis on
discrimination training and training in musical imagery of ideal standards

o » o Would result in reduced emphasis on drill and practice."

Central to the problem of undeveloped discrimination is the limited
opportunity for concentrating solely on the listening aspects unburdened with
the problems of reading and manipulating. Such concentrated ear-training is
seldom attempted in the typical group or individual instrumental lesson. This
neglect may be due to the nature of such instruction or to the limited time
allotted. A resourceful teacher could have a student play an excerpt both
correctly and incorrectly, asking the class to judge, but seemingly this is




seldom done. A specifically designed course with emphasis on such aural
training (with integration of playing provided) would presumably improve a
student's aural discrimination and hopefufiy his instrumental performance.

Objective Three: Develop a prototype drill program for practicing instru-
mental skills in articulation, phrasing, and rhythm on clarinet, using non-
computerized portable language lab prototypes and CAI.

Traditional instrumental instruction revolves around the group or indi-
vidual lesson with the teacher followed by a week of individual drill or
practice. Such unguided practice may well include unknowing repetition of
certain errors, reinforcing incorrect responses, and establishing misconcepts
for the uncertain student. What teacher has not encountered the pupi! who
practiced an incorrect rhythm pattern for an entire week before correction or
feedback from the teacher? '

‘ Without reinforcement a student may flounder in his home practice,

§g- repeating needless errors, uncertain of how the exercises should sound.

z i Although his teacher may have previewed the lesson for him, the student may
i forget. Frequently, limited lesson time precludes even a preview. It is
proposed that programed instruction with prompting or confirming models
(computerized or non-computerized) might provide more effective practice.

A viable problem in instrumental music teaching, particularly in a school
situatien, is the frequent lack of an ideal aural model for the students to
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?E: emulate. Although teachers are theoretically qualified to teach all of the

¢ orchestral instruments, few can expertly demonstrate them all. It is the rare
band director-clarinetist, for example, who can produce a true tone quaiity on
all the woodwind instruments, let alone the brasses, although he may know the
fingerings and basic principles of embouchure for all the instruments. This
observation is not surprising, however, considering the limited amount of time
that can be devoted to applied secondary instruments in thie teacher preparatory
& curriculum. Even if this performing versatility could somehow be acquired in
the teacher preparatory curriculum, the prohibitive schedule of public school
music teaching would hardly allow time to maintain such skills. The choice of
instrument or timbre for demonstrating rhythm may not be cricical but would
seem important for models in other areas of performance. Programed models
recorded by experts might represent a significant advance in instruction.
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IBM 1500 Instructional System

A description of the system hardware may be useful in providing the reader
with further background. In December 1967 the Penn State CAI Laboratory
acquired the IBM 1500 Instructionai System, the first computerized system
designed especially for individualized tutorial instruction.

The system currently consists of 14 instructional stations with cathode-
ray tube display, 1ight pen, typewriter keyboard, and image projector. Two of
the stations presently have audio units and more will be equipped with audio
in the near future. The basic components of the instructional station are
described below. Each instructional station contains four optional display-
response devices wiich may be used individually or in combination.

Cathode ray tube screen (CRT). The CRT, the central instrument connected
to the computer, is a television-1ike unit with 16 horizontal rows and 40 verti-
cal columns, providing a total of 640 display positions. The CRT can utilize 4
dictionaries simultaneously of 128 characters each. These characters can be
alphabetic, numerical, or special, as required for musical notation.

Light pen. A light pen device enables the student to respond to graphics,
letters, and figures on the screen by touching the appropriate place. By
touching a specific point on the screen sensitized by the course author, the
learner may respond to a question such as a multiple choice question or point
to a specific note in a musical passage, for example. A program can be designed
tc process such responses, to confirm them or provide cues or branches to
remedial material.

Keyboard. -In addition to the light pen a typewriter-like keyboard is
attached to the CRT. This device may be used by the learner to construct
responses and have them displayed on the screen at an author-designated point
although the present course uses 1ight pen responses almost exclusively. The
keybcard is also used to sign on and sign off an instructional session. Course
authors may use the keyboard to enter revisions or enter new course material.

Image projector. This unit contains @ 7 1/2 by 9-inch screen on which
color or black and white images are shown. Interchangeable cartridges con-
taining 16 millimeter film are automatically threaded and show as many as 1,000
images in any sequence designated by the author. An accessing capacity of 40
frames per second allows branching flexibility. Musical examples presented on
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a this screen can be more extensive and in sharper detail than on the CRT. Although
presently the student cannot respond directly on this image with the light pen,

; he can respond to keyed numbers or corresponding points on the CRT.

I” Audio unit. The audio unit permits the student to listen to pre-recorded

: verbal or musical messages on magnetic tape and to record a musical response

ﬁ requested by the program. Available for each station is a separate interchange-

E

[

able cartridge containing as much as two hours of variable-length messages or

blank tape for student recording. Four-track tape is used with messages rec-

orded on three tracks and inaudible address signals on the fourth track. The

tape recording for each station is independent and is coordinated with the

[ appropriate point in the particular program. Either headphones or external

, speakers may be used, Fast forward and rewind speeds to positively identified

E[ messages provide branching options, although these speeds are not comparable to
the extremely rapid searching available for the visual images.

g The central processor of the system is an IBM 1130 computer with 32,768

Eﬂ sixteen bit words of core storage. The 1130 depends upon five IBM 2311 disk

: drives (2,560,000 words) for the storage of course information and operating

é&g instructions. Interaction between student and program is recorded by twin

; magnetic tape drives for later student analysis and course revision.

1“ In the Penn State CAI Lab the 1500 Instructional System, including the

1130 computer, is self-contained.
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CHAPTER II
DEVELOPMENT OF PROGRAM

The project began with a continued review of related studies initiated in
the project proposal. Although a number of CAI studies and explorations were
available in areas other than music, no reports on CAI in music were available
at the time the project was proposed or initiated. Several programs in non-
computerized programed instruction in music had been reported and were examined.
Of particular interest was a project by LeBach (1965) involving pre-recorded
models as comparisons with student performance.

Program objectives were studied, reviewed, and refined. At the outset it
was planned to focus on articulation and phrasing at the intermediate clarinet
level. Later it was decided to program most of the instrument performing drill
off-1ine on IBM portable language lab prototype machines and to add rhythm
] study to explore musical notation on the CRT.

' Several students of approximately intermediate level proficiency on clari-
net were auditioned to help guide selection of materials. An extensive search
was conducted in the wind literature for appropriate free-domain materials. In
addition some original materials were written expressly for the program,

After participating in a number of instructional sessions on IBM Course-
writer I, the computer input language, the staff authnred and programed several
course sections and implemented this material at the computerized 105G instruc-
tional station. The computer system in use at the Penn State Computer Assisted
Instruction Laboratory at that time utilized the 1050 computerized-typewriter
terminal and the 1410 computer. Transparent 2 x 2-inch slides and tape record-
ings were coordinated with the computerized typewriter in these initial efforts.

Conversion to the IBM 1500 Instructional System was anticipated in the
early stages of the study. The audio components for this new system were to
be delayed,however, for some time. It was necessary to utilize temporary audio
equipment with automatic functions in order to continue programing and field
testing. After conferring with engineers at IBM's Thomas J. Watson Research
Center, Yorktown Heights, New York, the lab was able to secure on long-term
loan two portable language lab prototypes, specially modified tape recorders
with control units which permitted programing of special functions pertinent
to our program. These prototype machines served as temporary on-line audio as

ERIC
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well as the final off-line medium. Functions include automatic stop, automatic
shift into record mode, and automatic replay or "instant comparison" of student
version with model. They were found to be a usefyl medium for the coordinated
off-line program in which the student does most of the actual playing on his
clarinet (see Off-Line Audio, Page 16, for more detail).

Some playing was done at the CAI station along with the aural discrimina-
tion program., Basically, however, a two-pronged program was developed with the
ear-training at the computerized instructional station, and the related playing
program off-line using the non-computerized portable language laboratory proto-
types.

In December 1967, the Penn State CAI Laboratory converted from the 1050
computerized-typewriter terminal and 1410 computer to the IBM 1500 Instructional
System, the first computerized system designed specifically for individualized
instruction. As described earlier, each instructional station in the 1500
system consists of a cathode ray tube with an attached light pen and keyboard,
image projector, and audio play/record device.

The 1500 system utilizes Coursewriter IT, an input language quite different
from the Coursewriter I used with the former system. Much staff time and effort
was consumed in mastering this new computer language and in learning to utilize
the new system to its greatest effectiveness. Sections Jreviously written for
the 1410 computer could not be used on the new 1500 system. After unsuccessfuyl
attempts to translate these segments via computer, the program sections were
completely rewritten in Coursewriter II language. This conversion to the new
system, plus a year's delay in receiving the audio components, caused some set-
back in the time table of the project. The advantages of the new system, how-
ever, outweighed the delay and inconvenience.

The image projector (1512) of the 1500 system offers greatly increased
storage and access speed although new visuals cannot be readily added at any
time, as was the case with the Carouse: slide projector. It was, therefore,
considered wise to field test new program segments with hard-copy visuals and
make necessary additions, revisions, or deletions before converting images to
the film-strip cartridge.

In the eighth month of the study those parts of the program which had
been developed by that time were field tested with five clarinet students,




grades 7-9, using hard-copy visuals and a conventional tape recorder with
index counter. (The IBM prototype language labs with automatic functions
were not yet available at that date.)

A wide range of student ability, for which CAI is particularly well
adapted, was observed. One student branched to almost all of the remedial
sections while another required practically no remedial branches. Student
records of those earliest ear-training sections showed the slowest student
required twice as much time as the fastest student to complete the program.

As a result of this first field test, some frames were revised and instruc-
tions clarified, but generally the field test confirmed the supposition that
at that stage the program was basically satisfactory.

Development of new materials continued as the graphics personnel began
final preparation of musical images by copying the 5 x 8-inch music cards in
precise notation with black ink on specially prepared 8 1/2 x 11-inch forms
with musical staves. This work can be accomplished without aids such as
LeRoy tools but requires an artistic hand (see Image Preparation, page 10).
This was one of the first image reels developed for the IBM 1500 Instructional
System at the Penn State Lab and required some experimentation to achieve
satisfactory quality.

A11 recording of final tapes, including the re-recording of earlier tapes
made for field testing purposes, was done wi%h the assistance of a professional
recording technican. Recorded excerpts were performed on clarinet by the
investigator, Recording examples with programed errors and incorrect practices
or subtle discrepancies proved to be a challenging task (see On-Line Audio,
page 12). A1l recordings were monitored and some recorded again. (Later, as a
result of the pilot study using fourteen subjects, a few recordings were further
revised.)

When all tapes had been finally approved, it was necessary to edit, splice,
sequence, provide time intervals and labels, duplicate copies, and insert
address signals. From the master tape a narration tape was made for the
instructional stations. Coursewriter commands for audio were then written, and
an audio symbol table was constructed.

©
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Dictionarx

It was evident during the early development of the program that the
display of musical notation to the student was going to be a complex process.

The former system included a Carousel slide projector and enclosed screen.
Musical notation was photographed and developed into slides and the computer
was instructed to seek and display a certain numbered slide.

Because the present 1500 system uses an image projector rather than a
slide projector, musical examples were photographed and placed on a filmstrip
instead of slides. The filmstrip, containing 1000 available spaces for photo-
graphic display, is wound around a plastic canister to form a compact package
called an image cartridge,

Although most examples were intended to be displayed by the image pro-
jector, it was desirable to place some examples directly on the cathode ray
tube (CRT). CAI personnel developed a special music dictionary for the
purpose (see Appendix A for detail).

Preparing Images for
the 1512 Projector

The procedure for developing images for the 1512 rear-projection screen
was as follows:
Rough draft of musical selection on a 4 x 6-inch music manuscript card;

Design of specially scaled form with music staff for optimum clarity on
image screen;

Precise notation in black ink on special master form by the graphics
staff (size 8 /2 x 11-inch);

Proofreading of these master copies;

Revisions of errors detected in proofreading;

Paste=up of some images to provide ample margins;

Proofreading of revised master copies;

Photographing and processing film for cartridge;

Examination of film cartridge;

Re-photographing of master copies or film cartridge;

Duplication of film cartridge for student instructional stations.

Meticulous, clearly legible music manuscript for images proved to be a
time consuming task for the two graphics artists hired for this purpose. One,
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a graduate student in art, fsund this particularly slow work since he could
not read musicai patterns. His manuscript was very neat, but he made numerous
errors which had to be corrected. The other copyist, a graduate student in
music, did the work in considerably less time, almost as neatly, and with a
better interpretation of the spacing involved between notes in conventionel
notation,

White notation on black background appeared to have less glare and greater
clarity than black on white and was selected for the final image format.

In addition to the illustrations which can be displayed on the image
projector, visuals can be presented in the flow of the course materials on the
CRT screen. Although there are 7o absolute parameters for deciding whether an
illustration should be presented via one apparatus or the other, the course
author can be aided by knowledge of the different capabilities of both machines.
These capabiiities have been summarized in Figure 1 as follows.

Image Projector CRT

Colored material Blue material on black field
Complex designs Simple designs
Quantity material Less material
Shaded drawings Line drawings
Photographs -

- Animation

- Student responses
Easily displays same material over Difficult
span of several frames
Any symbols can be used Symbols must be available in one of the

dictionaries
- Displays must "fit" on the screen with

other instruction.

Fig. 1. Comparison of CRT and Image Projector Display.

e A
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Preparation of On-Line Audio

Former system (1050 terminal)., The first audio tapes in the project were
made to accommodate the 1050 terminal in use at that time. That station fea-
tured a Uher Universal 5000 tape recorder. Models at that time were recorded
at 7.5 ips using a Wollensak T-1980 tape recorder, a Model 676 Electro-Voice
dynamic cardioid microphone, and Scotch 175 magnetic tape. After the editing
and splicing process, the 7.5 ips master tape was duplicated via a second
s Wollensak T-1980. The duplicate tape was recorded at 3.75 ips, the designated
speed for the audio units in the 1050 terminal.

Each duplicate tape was placed on a Uher tape recorder modified with the
capacity to record short bursts of 400 Hz tone. While the tape was -playing,

a 400 Hz burst was placed after each message and at the beginning and end of
the tape with a push button device. The 400 Hz tones were inserted on the
right channel of the tape while the music and messages were on the left channel.
A strip of sensing tape approximately three inches long was applied to the
beginning and end of the tapes.

Recordings made in this manner were accessed by programing the system to
position or play, or both position and play, a tape message according to a
specific number. Messages were arranged sequentially on a single track. Four
short tapes were made, one for each course section that was written for this
system. The quality of the tapes was basically satisfactory although fan noise
from the ventilating system cooling the slide projector caused some inter-
ference.

Basically, the former system with the 1050 terminal had adequate audio.
The course segments developed at that time were rather 1inear as there was vir-
tually no branching. With longer messages and branching, however, the searching
time on this single tape track might have been a problem.

; Present System: firsy. phase. The present system, the IBM 1500 Instruc-
§ } tional System, was initially installed without the audio component. The audio
; component, being developed by Bell and Howell, was not ready at the time the
other components were installed and did not become operational until a year
later. Consequently the bulk of the program was developed using the language
lab prototypes as stopgap audio measures.
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In order to field test program material, it was necessary to synchronize
the programed tape recordings with the presentation on the CRT. This was done
during the first phase by utilizing the remarkable consistency of the Uher
Universal 5000 index counter.

Index counters on tape recorders indicate relative locations on a tape.

By setting the index counter at zero for the beginning of a tape, numerical
reading for any tape message can be noted. Fast forwarding or rewinding of
the tape to a specified index reading can then access random tape messages.

For this field testing duplicates at 3.75 ips were made of 7.5 ips master tapes
being prepared for the IBM 1506 audio component,

In the first field test of course material, the following procedure was
used. Subjects were seated at a station, one at a time, and a Uher tape
recorder was placed on a cart next to the terminal. A large external speaker
was connected to the recorder. As the student worked through the course, the
monitoring operator located and played necessary tape messages. All audio
control was achieved manually at the tape recorder using listed index counter
settings as guidelines. The procedure was occasionally cumbersome, but adequate
for early field testing.

Second phase. The IBM portable language laboratory prototypes mentioned
earlier were obtained from the Thomas J. Watson Research Center, Yorktown
Heights, New York, by the end of the first year of the project. Although these
devices were primarily intended for the off-line playing program, their auto-
matic functions were effectively utilized as a temporary means for the on-line
audio (see Off-Line Audio, page 16).

The tape is set in motion by pressing the PLAY control and continues
until a 400 Hz tone in encountered. The REPEAT button rewinds the tape to
the beginning of a message and replays the message. By using the PLAY and
REPEAT controls it was possible to simplify coordination of the audio material
with the CRT,

During a second phase of field testing and for demonstrations, these
prototypes served as the audio device. More lengthy searches, such as would
occur when a student branched ahead in the program, still depended on monitoring
the index counter, but linear presentation of tapes and repeats of individual
messages were considerably simpler than with a conventional tape recorder.
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Final phase. The audio manual was studied and the course was reprogramed
to utilize the appropriate symbolic audio commands of the 1500 system,

With the arrival of the IBM 1506 audio unit the audio development entered
its final stage. The 1506 is a compact unit containing a tape recorder and is

~ located adjacent to the CRT. The student listens through a headset or external
- speaker and can record musical excerpts in accordance with programed commands
. from the computer. The flexibility of the 1506 proved to be quite satisfactory.

~ Fidelity of music reproduction was remarkable considering that the tape speed
in this system is 1.875 ips,

Preparation of tape cartridges for the 1505 was a rather complex process
involving six stages: 1) preparation of the narration tape, 2) building audio
symbol tables, 3) audio assembly, 4) audio substitution, 5) preparation of
working master cartridges, and 6) preparation of student cartridges.

= Narration tape. The original recorded tape containing the audio material
- (music and verbal messages) is referred to as the narration tape. There may
| be any number of narration tapes in a program; the present program used seven.

_ In addition to course material a narration tape contains lengths of 400
Hz cue tone that parallel the messages on the other half of the tape. These
lengths of cue tone are the signals to the computer indicating the location of
the messages on the tape. The cue tone parallels the message and precedes it
by one full second. The 400 Hz cue tones are placed on the tape via a cue
tone generator which plugs into the tape recorder and operates with a simple
- on-off button,

The recommended procedure is to record the cue tones at the time of the

_J musical recordings, not at a later stage. In the present project cue tones
were added in a later stage because the recommended Ampex narration transport

| ] (remote controlled tape recorder) was not available in time for the master
recording,

The final master tapes were recorded by a professional recording techni-
cian with a Roberts Model 192 half-track monaural machine at 7 1/¢ ips, using
an RCA 77-DX ribbon microphone, Superior quality duplicates were then made
from the edited and spliced masters on professional equipment at 15 ips,
Following this, the cue tone generator was used to record the cue tones on one
- set of duplicate tapes which then became the narration tapes.
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Audio symbol tables. Each recorded musical excerpt, speech, and blank
tape segment for later student recording is given & symbolic name of the form
AAnnn, that is, two letters and three numerals. The assemblage of symbolic
names is grouped into symbol tables which are entered into the computer and
these skeletal audio entries are completed in the audio assembly process.

Audio assembly. Audic assembly is the process wherein messages on the
narration tape are duplicated on a tape cartridge that contains addresses
readable by the computer. Each message is assigned to a specific track and
address.

The narration tape to be assembled is mounted on the remote control
narration transport. Using the cue tones as a guide, the computer plays each
message separately.

In one of the 1506 audio units a tape cartridge is mounted containing four
tracks. Tracks 0, 1, and 2 are used for the messages; track 3 is reserved for
square wave signals spaced 0.25 seconds apart. The combination cf the 1.875 ips
speed and the three-track capacity enables a large amount of narration tape
material to be placed on a relatively short length of cartridge tape. As the
narration tape plays, the messages are placed on tracks 0, 1, and 2 of the
cartridge tape.

The audio assembly program updates the symbol table. Address, track, and
length of message information are added to the symbolic information.

This audio assembly process produces what is known as a source master
cartridge. Only one half of a cartridge may be assembled on a source master,
about one hour and twenty minutes of audio time.

Audio substitution., Audio substitution is a computer program that takes
the address, track, and length of message ¥rom updated symbol tables and reads B
that information into the Coursewriter II program. The original skeletal audio f.;?
entries then provide the information needed for the computer to locate and u
play any programed tape message. After this stage the course is operable.

Preparation of working master cartridges. Source master cartridges uti-

lize only one half of the available tape. Two source master cartridges are

combined into one working master cartridge by means of a Viling tape dupli-

cator. Since tape recorder-patchcord techniques will not satisfactorily T
duplicate the square wave signals, the special equipment is necessary.
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The production of working master cartridges provides maximum security
and preservation of the source master cartridges. The entire cartridge, not
just one half, is utilized.

Preparation of student cartridges. The working master cartridge is
duplicated to produce student cartridges. As many as six student cartridges
can be produced simultaneously with the Viking duplicator. These cartridges
are the actual tapes used during instructional sessions.

In the development of the presen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>