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FOREWORD

Most applications of comguter-;ssisted instruction today use efther
drill and practice or tutorial modes of intaraction with students. Both
these modes of instruction can be highly sophisticated and can make
lasting contributions to the education of children and adults. unfortu-
nately, however, much of what has been produced has been criticized as
being an evpensive method of page-turning. Critics state that what was
done with the computer could have been done by other methods at much

Yess cost. To some extent the critics may be right. When a course
author is given a limited time to produce a systematic course of instruc-
tion and must use a lan?uage that {s difficult to use and 1imits flexi-
bility, the result usually fs much 1ike & scrambled text. The computer
merely turns pages and keeps score of right and wrona answers.

Computer-assisted instruction need not be limited to the tutorfal
and dril) and practice modes. !ndeed, two additional modes of student-
computer interaction promise to be very qowerfu\ pedagogical devices,
One {s an interaction that is a true dialogue: the student asks questions
in his naturai language of the computer and the computer pruvides answers,
The second mode 1s the use of the computer as a simulator of some process
or device that 1s to be learned hy the stutent., The dialogue approach
is presently limited by the ability of the computer to acce;t and process
only limited amounts of natural language. Consequently, widespread use
of the dialogue made of instruction 1s still in the future. Rapid strides
have been made using the comouter as & simulator, however, and some
gaming and medica) diagnosis programs where the computer plays the role
of the patient or opponent have already been developed. S{mutation may
be more appropriately applied to the sitiation where some device {s
simulated and connected to the computer. 8oth of these uses of the
: com?uter as an instructional simulator should enhance its value to the
health professions.

The application of computer-assisted instruction to the health
fields can be Supported by very persuasive arguements. Practitioners in
the health-related fields must learn a great deal of detail, all of which
mst be brought to bear on each problem to be solved, dtagnosis made, or
treatment prescribed. Frequently there is no oE?ortunity to consult
references or other afds during the decision-making process. Tradition-
ally, knowledge has been gafned through {ntensfve Study and memorization.
The information explosfon is now placing tremendous strains on this
method of learning; help is needed. In addition, knowledge of many new
devices, ceveloped by our technology for the hedlth fields, must be
added to an already overburdened curriculum or must be gain~4 on the job
vhen time 1s at a premium, Computer-assisted instruction may help to
alleviate these serious problems, 1t has already been used as an aid
to teach elements of medical knowled?e such as pathclogy and anatomy and
has even been used to Simulate a patient for practice in diagnosis. In
the field of audiology, a course has been developed that teaches basic
elensnts of the hearing process.

i1




The field of audfology may be considered typfcal of health-related .
discipiines. Within audio ogx. as with all other health-related fields,
there has been a rapid growth of knowledge. Audiologists also must gain
familiarity with the audiometer and the methods of using 1t o give
hearin? tests. The project described in this report was concerned with
improving the training of students fn the use of the audfomater and the
administration of hearing tests. This training was done on a computer-
assisted instructional system with a simulated audiometer that was
connected to the computer. Suth a project may be considered a prototype
of analogous andeavors in other fields.

In a complex project of this type, the assistance of many people
is needed, and debts of gratitude are owed to many of those at the
Penn State CAl Laboratory who contributed to the effectiveness of the
program. Special thanks go to Mr. Paul Peloquin and Mrs. Leslye Biloom
vho prepared the special displays for the displey screen and to Mr.
Terry Rahn, Wr, Fred Chase, and Mrs, Carol Dwyer for valuable technical
assistance. To Mrs. Irene Cashell, who helped work on the program, sat
with many of the subjects, and anafyzed the prel’iminary data, and to
Mrs. Bonnfe Shea, who Spent many tedfous hours culling the final data
from voluminous student records veri special appreciatior is due,

The administrative support prov'ded y Mrs. Betta Kriner and Mrs, Kris
Sefchick made the cempletion of the project possible. Finally, &
spectal acknowledgement must be made to Mr, Richard C. Rivett of IBM,
Federal Systems Division, who designed the A1V and made many special
trips to make modifications and to fnsure that the ATU performed
satisfactorily,

David P, Yens

Universivy Park, Pennsylvania
October 6, 1969
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SUMMARY

The tygical training of students in basic pure tone audiometry {is
fnadequate because students use an audfometer to test others whose
hearing 1s normal and they generally recefve no fnformation on the cor-
rectness of their technique during practice. In order to provide a
monftoring capability as well as a varfety of hearing losses. a simulated
audfometer was developed that interfaced with an IBM 1500 instrietional
system for computer-assisted instruction, A course of instruction in

tha use of the audiometer and audfometric testing was written in
Coursewrftar 11 to teach students to use the method of limits to obtain
hearing thiresholds without guidance.

The instructional portion of the program was tested with 27 subjects
of vanyin? backgrounds in audfology; 24 completed the course. Experi-
enced audiologists, students in audiology, nurses, and subjects {n
completely unrelated fields comprised the sample. Data were gathered
on the number and t{pes of errors made, time taken, and performance on
a criterion threshold finding task.\ An oral questionnaire was admin-
{stered after completion of the program. The average time to complete
the course was 132 minutes.

Sixteen subjects produced acceptable audfograms on the criterion
task. Of those who did not, all but two showed improvement during the
criterfon task No systematic relationships were found between time
for the course, number of errors, and final performance. There was also
no corresponderce vetween selecled student characteristice and the
course measures vbtained. Students performed equally well whether or
not they had had previous experience with sudfometry. They uniformly
1{ked the course and thought it was & good method for learning.

With the added practice which was omitted from the subéect trials,
ft is anticipated that all students would reach an acceptabir level of
audiometric testing practice. Use of the course i recommended for
college students in audiology, nurses, audiometric technicians, and for
proficiency maintenance purposes. Extension of the course to include
more sophisticated audiometric test procedures, the addition of an
audio capacity, and improvements to the Audfometer Trainer Unft are
recormended. The success of the simulated audiometer as a teaching
device suggests that this concept can be applied to other heaith related
devices for which extensive practice is needed to gain proficiency.




INTRODUCTION

The beginning course in audiology (SPA 430) at The Pennsyltania
State University is typical of the beginning course taught in audiology
at colleges and universities across the United States. Approximately
150 institutions of higher learning teach such a course. To the in-
vestigators®' knui/ledge, all of these courses teach at least some pure
tone audiometric test technique, and include at least some audiometric
test practice.

The experience at Penn State in offering the desired amount of pure
tone testing practice to the enrolled students is typical. A class
enrollment normally is between twelve and thirty students, two terms per
year, At the present time, the requirement is that each student do a.
pure tone ajr conduction audiogram, for six frequencies in both ears,
on at least ten practice subjects. (This requirement of ten audiograms
is a minimum for development of adequate audfometric testing skills.)
For a class of twenty students, this requires 200 audiometric tests.

The number of subjects available for testing is limited. It is typical
for the students to be listeners for each other as they administer
audiometric tests for practice. However, this exchange of time has a
severe limitation in that nearly all students in the course have normal
hearing. It is impractical to use clinic patients for student testing,
both because of the responsibility for professional level of services
to c¢linic patients, and because of the limitations on the time that can
be demanded of a patient for testing practic~ by students.

~ During their testing practice, students normally are unable to test
subjects with a variety of nearing disorders or with a variety of patterns
of response. A related problem is that, in order to do tests on human
subjects, an audiometric sound-isolated room is required for each testing
station. These rooms not only take up considerable floor space, but are
expensive to provide for student practice, and normally are not available
in sufficient quantity with necessary audiometric test equipment.

It is clear that in order to provide students-in-training with
adequate audiometric test practice experience, techniques not now
available should be developed. ‘

In addition to students-in-training, there is another large group
of audiometric test practitioners. These are school and industrial
nurses. In many states, it is required that each year school ch!ldren
receive pure tone hearing tests. Usually these are administered by the
school nurse, although in some places speech therapists or technicians
may be used. In industrial situations, the plant nurse very often is
required to do the intake audiogram and monitoring audiograms of the
wrokers employed in noisy environments. This group of in-service school
and industrial nurses comprises a much larger group than auciology
students-in=-training.

In the typical nurse's training program no specific work is given
in administering audiom:tric tests, or there {is no more than a lecture
or two about hearing testing. When the nurse finds herself on the job
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with the requirement to do audiometric testing, she typically is able to

do 1ittle more than read the manufacturer's book about her audiometer and
to talk to the hearing aid and audiometer distributor. These sources of

instruction are woefully inadequate.

In some instances, the state department of health or education
personnel are able to give school nurses some field instruction, but the
situation in Pennsylvania is not atypical. In the Department of Health,
which is charged with the responsibility for the statewide school testing
program, there are two employees in the audiological and hearing conserva-
tion area. There are two state level employees in the Department of
Public Instruction. Although they have attempted to instruct the school
nurses in Pennsylvania on proper test procedures, they can do 1ittle more
than make occasional contacts with the nurses. An automated program for
- providing school and industrial nurses with a short intensive course in
good hearing test administration practice would help alleviate this
serious problem.

The concept of developing a computer terminal and programing the
computer to play the role of a person with hearing loss i5 consistent
with the development of concepts for using computers to similate live
patients having various diseases and utilizing tue computer to assist in
medical diagnoses (Swets and Feur~eig, 1965). Not only does the student-
in-training have the opportunity to be presented with a wide variety of
symptoms, he also has the opportunity to have a wide variety of untiring
“patients."

The computer-simulated subject for a hearing test provides several
advantages. The actua) pattern of each tone given to a "patient" can
be noted and a critique can be given to the student. Student audio-
metricians can follow a sequence of increasingly difficult patients to
test. The student can report the results of his test findings to the
computer, and 1mmed1atel{ have them checked against the correct hearing
status. He then can be led into a repeated series of tests of the same
or different “pacient ears," depending upon his level of test competence.
. The computer simulation of hearfng test situations can provide a student
with as much practice as he desires upon his own demand, or as much as
he needs according to his proficiency. It is weil within the capabilities
of the present computer state-of-the-art to provide such things as
temporary threshold shift in an audiogram, varifabilities in attention,
patient fatigue, a wide variety of auudiometric test patterns, responses
typical of subjects with non-organic hearing loss, and responses for
tests other than threshold {loudness balance, equal loudness contours,
difﬁeregcg limen for loudness, short increment sensitivity index, and
so forth.

The specific objectives of the present project were:

1. To develop an audiometer-type terminal to be used in the
computer assisted instruction setting in conjunction with
existing hardware,




2. To write a computer progvam simulating subjects with normal
hearing and with threshold hearing losses, including the
typical types of .audiumetrics patterns normally seen in
clinical practice.

3. To make a field trial of the computer termiral and jts associate
traching program, using University students-in-training and a
sample of nurses.

It is not proposed that the computer training technique would be
desirable as the only method for student audiometricians. Rather, after
some initial instruction, the student could develop basic manipulative
skills fcr hearing test administration. He could he led through the
thres’iold decisfon making process, and he would be given testing practice
via the computer technique. After such a period of training and experi-
ence, he would proceed to further practice with 1ive subjects. It is in
the earlier phase, prior to live-subject practice, which is of interest to
the present project.

METHOD
The development and programing of a simulated pure-tone audiometer
consisted of five phases:
1. Cevelopment of simulated audiometer terminal.

2. Engineering aspects to the interface between simulated audio-
meter terminal and telephone 1ine/computer.

3. Development of strategy and content of course of instruction
and practice,

4. Programing of course content for the IBM 1500 computer system
using the Coursewriter Il language.

5. Tryouts of material with audiology students and nurses, with
concurrent program corrections and modifications as neccessary.

A diagram charting the development of each part of the project is
found in Figure 1.

Development of Simulated Audiometer
Terminal and Interfaces

American brand pure tone audiometers, although produced in a variety
of sizes and models by several major companies, have several common
features. A representatfve audiometer panel was designed that incorporates
these common features.

The audiometer panel is mounted in a box similar to that of a stand-
ard clinical American pure tone audiometer. Dial labeling, knob size, .
and so forth, represent the generally accepted practice in the field. The
essential features and typical characteristics of 3 standard pure tone
American audiometer are included with labeling indicating International
Standards Organization - 1964 calibration. The audiometer panel contains
the standard audiometric elements of:



n.
12,

13.

4.

15,
16.
17.

Activity

Specification and location of
typical audiograms

Development of course
objectives

Design, production, testing
o7 ATU by IBM, Federal Systems
Division

Learning of naterial and
sequencing of objectives

Design of ATU panel
Preparation of Part I frames,
analysis procecures, and
remedial sequences
Installation of 1500 System

Trial computer programs for
panel analysis

ATU debugging and modification

Coding, testing and
revision of Part 1

Preparation of Part Il frames

Coding, testing and revision
of Part 11

Design, coding, testing and
revision of Part III

Preliminary tests with
subjects

Program revision
Final subject %trials

Data analysis and final
report

Time Devoted to Activity

July 1967 - Scptember 1967

September 1967 ~ November 1967

September 1967 - April 1968
October 19€7 - February 1968
October 1967 - November 1967
November 1967 - May 19u8

December 1967

January 1968 - April 1968
April 1968 - July 1968

April 1968 - December 1968
March 19G8 - September 1968

August 1968 - March 1969
December 1968 - March 1969

March 1969 - April 1969
March 1968 - June 1969
April 1969 - June 1969

June 1969 - August 1969

Fig. 1. Chronolocy of development and programing of simulated pure
tone auaiometer,



1. Frequency selector (octave frequen:ies and half-octave
frequencies 125 through 8000 Hz, as on most audiometers)

2. Heariny .level dial (in five-decibel steps from minus ten
through 110 decibels)

3. Tone interrupter switch
4, Power on - off switch and light
5. Masking sound level control

6. Right earphore, left earphone, bone conduction output
selector switch :

7. Patient signal 1ight

8. Operational switch for SISI test administration
9, Operational switch for loudness balance testing
10. Tone warble switch

11. Tone normal on - normal off switch.

Chanel 1 controls are grouped on the left hand side of the panel;
chanel 2 controls are grouped on the right.

A photograph of the completed panel is provided in Figure 2.

Engineering design, development and production of the simulated
audiometer terminal, or Audiometer Trainer Unit (ATU), and interfaces
were done by the Federal Systems Division of IBM at Gaithersburg,
Maryland, on a subcontract basis. The terminal was designed to interface
with a voice-grade telephone 1ine to an IBM 1400 series computer system
or directly with the IBM 1500 instructional system. Photographs and
specific design, development, interface, and programin? considerations
are provided in the IBM publication included as Appendix A of this report.
An instructional manual for the ATU by IBM is Appendix B.

The ATU was connected to the IBM 1500 Instructional System at Penn
State on April 15, 1968. However, an additional modification had to be
made to permit the timing of a "tone" given by a student. Consequently,
the ATU was not fully operational until Jul::, 1968, although it could
be used to some extent for program development.

A special device has been used as an interface between the student
and a computer by earlier investigators to teach stenotypy (Uttal, 1962)
and card punching and typewriting (Lewis and Pask, 1965). However, these
earlier applications required spectal computer equipment or hardware
modifications and did not use verbal communication as a part of the
instructive process. For the present system, the audiometer trainer unit
was designed to directly interface with the 1500 system (descrihed in
Apg$?dis A) and all instructional capabilities of the 1500 system are
utilized,
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omputer Programin

C
- Tourse Materia

The Coursewriter II language was used for programing. Much of the
program input was done on-line to permit immediate tryout of the entered
material; card input was used when possible.

The terminal used for students, illustrated in Figure 3, consists of
an IBM 1510 keyboard and display screen with 1ight pen, an IBM 1512 Image
Projector, and the Audiometer Training Unit. Computer control can be
activated for any of these elements, and inputs can be made from the 1510
or ATU. Output and source of input is under program control; an input
¢annot be made from more than one unit at the same time.

Development of Course
Strategy and Content

The threshold finding technique taught is a modified method of
limits, using & descending, an ascending, and another descending series
of tone intensity levels to cross auditory threshold again. Threshold
is defined as the lowest intensity level (in db) at which at least two
hearing responses are obtained. Decibel steps ave 10 db initially, and
5 db when operating near the anticipated threshold.

One of the final objectives of a basic course in audiometry is for
the student to be able to use specified techniques of threshold finding
to obtain audiograms from subjects with a variety of hearing and response
characteristics, and be able to be within + & db of the correct hearing
level at each frequency.

The {nitial phase of this project consisted of analyzing the
threshold finding tazk to determine the required skiils and in what
order they should occur. During all development phases, close coopera-
tion with subject matter experts was maintained. From this analysis
emerged a set of behavioral objectives that would form an initial frame-
work for course development. They were placed in an initial sequence,
based on the task analysis, that provides a stepwise learning experizence
in which primary skills are learned first. As proficiency in primary
skills is developed, new skills are integrated in a pyramidal fashion
u:ti} a;l skills are brought together and the desired proficiency is
attained,

These objectives are listed in their approximate sequence in Table 1,
It can be seen that the sequence s quite logical, and generally dapproxi-
mates the sequence of learning provided in the classroom. However, in
the classroom there is little opportunity for guided practice at each
stage.

It was decided that the objectives be divided into three basic units,
as indicated in Table 1. 'The first unit consists of familiarizz%ion with
the audiometer panel - how each switch and dial works and what it does.
The second uriit consists of initial guided practice in threshold finding
and specification of the specific techniques used. The third requires
the student to work with 1ittle direction in finding thresholds ?using
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Table 1

Sequence of Behavioral Objectives

Unit 1
The student will be able to:
1. Tusn on the audiometer
2. Manfpulate the tone switch in accordance with
accepted procedure
3. Manipulate the following and set them as directed:
a. Channel 1 Qutput
b. Channel 1 Hearing Level
c. Channel 1 Frequency
4, Set the following to their off positions and leave them
off during basic audiometric tesiing:
a. SISI
b. Tone Warble
Cc. Tone Norm
d. Channel 2 Qutput
e. Chanrel 2 Hearing Level
Unit 2
The student will be uble to:
1. Recognizn correct placement of earphones on a patient
2. Properly use the method of 1imits with minimal direc-
tion ror finding hearing thresholds.
3. Detzrmine the estimated threshold for each pass and
specify the final obtained threshold for a frequency.
4. rlot the obtained threshold on an audiogram form.
5. Describe the elements of the threshold finding
technique,
Unit 3

|

The student will be able to use the method of 1imits to obtain
hearing thresholds without guidance. He will test frequencies
in the appropriate order and perform all activities required
in testing.

the fading technique) and permits him to build proficiency in dealing
with different types of thyeshold patterns. He is provided with the
opportunity to check his work (obtained audiogram) at once.

Following the specification and sequencing of objectives, a program
was written on paper that consisted of each display that would appear on
the cathode ray tub: (CRT) or image projector and the analysis of the
logical responses that could be made, efther correct or incorrect, with
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the results of each. This constituted a "dry run" program that could be
reviewed, tested, and changed easily before actual computer program was
initiated. A portion of an early version of this program is found in
Appendix C. This type of program was very useful for Part 1, but less
useful for Part 2, and of little use for Part 3, which is highly un-
structured.

During this initial programing phase, an analysis of the entry skills
~and abilities of probable students was made to determine whether initial
instruction or review was appropriate to each objective. Beginning stu-
dents in audiometry would have attended an introductory lecture; for

them most of the objectives would require original learning. However, a
second source of students would be nurses who may or may not have had
experience in audiometry, Consequently, an option to skip the intro-
ductory section was included, but it required the demonstration of pro-
ficiency in setting the panel before the skip could be completed. Failure
on th:s]pretest started the student at the beginning of the instructional
material.

The written version of Unit 1 was tested with a 1imited number of
students. As cach frame (text display) was shown to the student, he
responded verbally or on the ATU. The author simulated the computer by
providing feedback and proper sequencing of frames based on the responses,
This actually provided added data on student response characteristics,
and allowed modification of the program prior to programing for the
computer. The written version was useful for Unit 1 because this unit
primarily consisted of instructionzl frames with a variety of branching
possibilities. Unit 2 was basically guided practice in giving audiograms,
for which written simulation was of limited use.

Although a textual representation of course material preovides a
framework which could greatly simplify the programing of ordinary instruc-
tional material, the use of the ATU required a much more complex program
which required a great deal of programing time. Without the initial text,
however, the course development would have been more difficult.

Problems Unique to
Tnis Program

It was decided to maximize student use of the ATU during all phases
of the programn. In order to monitor student responses, 1t was necessary
to "read" and evaluate the ATU each time the student responded.

The ATU irput to the computer {is an eight bit word with each bit
representing the setting of one switch or dial. An example of one
word, with the meaning of each bit, is yiven in Figure 4. The correct
answer can be easily determined by comparing the input with the Zorrect
word which was previously stored. However, it was considered important
to tell the student exactly where he made an error {f the panel setting
was wrong. To do this, the input word had to be broken down into eight
parts and each part tested with a conversion table. Ffor example, 1f the
word 1n Figure 4 was the correct "answer" but the student response was
18510010, the computer would detect & mismatch of the whole word and then
examine e*ch part to determine where the mismatch occurred. in this case,
it would detect a match on the first bit but a mismatch on the second bit.
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Input "word" - 1 A 5 1 0 0 1 0

Tone Norm On/0ff X~ SISI Selector
Switch Turned Off Set to Off
Channel 1 Hearing Tone Warble
Level Set to 40 dB Switch Turned Off
Channel 1 Frequency Channel 2 Output
Set to 1000 Hz ¢ Set on Off
Channel 1 Output Channel 2 Output
Set of Right Ear Set on Off

Fig. 4. Interpretation of the input to the compufer from the ATU

It would then enter a table specifically related to Channel 1 Hearing
Level and ook for a match for the {nput value (in this case, the B).
When 1t found the match, it would store the associated value (45) in a
location where 1t would later be used in a message to the student. The
program would then test the remaining bits and find a match for each one.
After the completion of the tests, a message to the student directirg a
correction in Channel 1 Hearing Level would be displayed. This process
was repeated for each {input through the ATU.

A second programing requirement was to time the duration of each
tone given by the student with the audiometer. The tone switch (or inter-
rupter switch) transmits the werd describing the panel each time 1t is
depressed and again when it is released. The real time in seconds between
depression and release is measured with a complex process that minimizes
the effect of activity at instructional terminals other than the ATU.
The time measurement 1s displayed for the student and evaluated as part
of the instruction to him regarding audiometric technique. :

The complexity and anticipated length of the program caused program
efficiency and brevity to be major factors in program development.
Because of the newness of the IBM 1500 system and Coursewriter il, it
required many months before enough was known to insure an optimally ef-
ficient routine; many versions of critical sequences were coded and tested
before they ran with adequate speed. This activity was important to
insure rapid feedback to the student. For example, much of Unit 2 cori-
sists of leading the student through threshold finding procedures. To
make this experience as realistic as possible, a “patient" is displayed
on the terminal display screen (see the display screen contents in
Figure 3). When the student gives a correct tone that the "patient" can
hear, the “patient's" hand 1s raised. When the tone stops (release of
tone switchg. the hand {s lowered.

The “patient" was displayed using norrmal "dti" instructions and a
graphics dictionary developed by the CAl Laboratory (see Peloquin, 1968,
for further information on the graphics dictionary), rather than using a
graphic set. This was done to allow greater flexibility in the placement
of the display on the screen, to allow modifications if they were later
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needed, and to minimize the requirements for dictionary storage space.
Subsequently, the instructions were written in MACRO form to allow the
placement of the "patient" anywhere on the display screen,

It was essential that the "patient's" hand be raised within one
second of the depression of the tone switch to simulate a realistic
patient. However, during chis interval the panel had tu be checked for
correctness and the timing process started hefore the hand could be
raised on the screen. Initially, this process was much slower than
acceptable, and it took three months, many revisions of the program,
and an investigation of alternatives to the rajsed hand to find a solu~
tion that was acceptable. A further discussion of this problem is pro-
vided in Appendix E.

It was decided to write the patient's hand and time sections as sub-
routines because these same coding sequences were used by more than one
hundred frames. The length of coding of these sequences, if repeated
over 100 times, would be excessive. It was determined that by proper
placement in the sequence of frames, accessing time could be minimized
and much space on the disk storage would be saved.

, The complex coding to measure the duration of time between tone

switch depression and release was necessitated by the fact that fifteen
instructional terminals are attached to the computer on a time sharing
basis. Each terminal is polied in turn to determine if processing is
required. If {1t is, processing continues until the program reaches an
instruction (an ep) to look for a new response from that terminal, until

a specified number of instructions hava been processed, or until processing
is interrupted by a job with a higher priority. At this point, processing
of the next terminal requiring attention is initiated. Because of computer
cueing, the time being measured between two responses might be interrupted
by the processing of infoimation from other terminals. To overcome this

it was necessary to read the computer's internal clock before each request
(ep), time the latency of each response, and then calcuiate the actual
duration from these four measures.

The obtained time is tested against the accepted limits for tone
duration (2 to 4 seconds); if it is within the correct range, the time
is displayed to the student. If it is incorrect, a counter is incremented
to store tka error and the time is displayed with a message indicating
whether it was too short or too long as well as a statement of the ac-
ceptable length.

The most difficult problem faced was the efficient analysis of
the eight bit input word from the ATU. Because it was instructionally
desirable to minimize the time between response and feedback, the ini-
tially obtained processing times of four or more seconds were unacceptable,
As with the raising of the hand, a variety of programing techniques were
attempted before an acceptable one was found.

The resulting method uses a drop through procedure. The input word
is first tested for correctness. If correct, feedback {s provided and
the next frame in the sequence is presented. If incorrect, the bits in
the word are sequentially tested, If a bit is correct, the program drops
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through to test the next bit. If incorrect, the bit 1s used to enter a
table to determine what position on the dfial or switch it represents.
This position is stored for later use and the progiram goes on to look at
the next bit, The program looks at each bit in this way until 1t reaches
the end of the word, at which point a message is displayed that points
out each of the errors made, states what should be done, and requests the
student to try again,

This process was simplified somewhat when it was dec.:ded to group
four of the bits, representing 11ttle-used functfons, into one unit for
analysis. Other shortcute« were taken where it was pedagogically feasible,

The Program of Instruction

The talhle of objectives (Table 1) provides a general overview of the
program. A complete outline 1s provided in Appendix F. Based cn exten-
sive classroom experience with students in audiology, it was decided to
use a maximum of pructical “hands-on™ experience with the Audiometer
Trainer, This decisfon 1s consistent with the view of experts in programed
fnstruction that each frame should be objective-oriented and that unneces-
sary enrichment »#i11 tend to confuse the student and inhibit progress
toward the objective.

The plan of the course consists of a main-1ine sequence of frames
with remedfal branches from each frams contingent upon the student's
responsa, Extensive student control of the program {is provided through
giving the student the optfon of review or repetition of material at
several points and through permitting him to skip sections {f he desires.
If he skips a sectiun uiwisely, however, the remedial hranching capability
will provide him the opportunity to review what he miss>d., At the end of
major instructional units, the student's performance for that unit s
displayed and reccormendations are mide concerning his continuation {e.g.,
g0 on, review, or go through the section again.) However, the continua-
tion optfon is left to the student.

Unit 1

It was determined that all familiarization with audiometer panels
and learning of threshold-finding techniques should be done with the ATU,
although for speech and hearing students it would be preceded by one
lecture concerning the topic. Unit 1 provides familiarization with the
functions of each of the elements of the ATU panel and provides graded
experfence in the use of the cormonly used ones.

The student fnitially learns how to turn on the panel power switch
and how to use the tone switch. The concept of ?1v1ng a tone foi a
specific duration is introduced during the use of the tone switch, and
the tone duratfon 1s timed and displayed to the student after each tone
fnput. Practice in giving tones for the correct duration {s provided at
the student's option after inftial familiarfzation.

The operation of switches and dials 1s introduced one by one in

order of importance. Practice with each one {s provided tefore the
fntroduction of the next, then practice with all those learned is given,
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Finally, the student is given instructions to set the panel in different
ways using all the elements of the panel. After successful completion he
goes on to Unft 2, or he may select added review or practice.

Instrustion s provided primarily by the display screen; fnstructions
are given concerning where to find and set the panel elements. However,
after one unsuccessful solution of a problem, a slide (frame of film on the
fmage projector) is displayed showing the panel and the way it should be
set. Although ft would have been feasible to introduce eath panel
element with a picture, it was decided that subjects would gain better
familfarity with the panel {f they had to lock for each element.

After learning the elements of the ATU panel, the subject 1s given
the opportunity to use a standard portable audiometer (also available at
the terminal statfon) in order to hear for himself what the dffferent
switches do and how the tones sound.

Unit 2

Unft 2 consists of training in the threshold finding technique, It
fs introduced by & review of the placement of earphones, with sl{des used
to demonstrate correct and incorrect placement. A glossary car then be
accessed by students who may want to review vocabulary words used {n
audiometry. The student {s introduced to the method for determining the
fnitia)l hearing level of a test, and {s then directed through a test
procedure for all frequencies of the right ear (in which a variety of
thresholds and patient responses are reeresented). Ouring this series
the student fnteracts with the "patient™ on the display screen which
raises its hand {r the tone {s above the pro?ramed threshold. The stu-
dent 1s directed to give a specific hearing level each time; a runnin
account of the levels tested and the response {s provided on the display
screen, and at approrpiate points the student determines the estimated
or final threshold. A1l panel elements are monftored so that {f the
student makes an error he recefves a message telling him what he should
have done and giving him the opportunity to repeat the tone correctly.

Toward the end of the testing of the right ear, the student {is
successively asked to ?uess what next hearing level for a frequercy
should be given, and finally he types each hearing lavel value before he
gives the tone. In this wa{, he gains familfarity with the process
being used before he actually has to reproduce it on his own,

After each frequency threshold is obtained, the student uses the
11ght pen to mark his obtained threshold on an audiogram form displayed
on the display screen. After plotting the point on the screen, he marks
it on a standard audfogram form. Thus, he completes the form as he would
during the normal testing of a patient,

Following the test of the right ear, the student's performance is
disp1a{ed and options for review or further practice are provided. This
is followed by a review of the techniques used. 1In the review the stu-
dent specifies the specific step-by-step procedure he used, {ndicating
his responses on the keyboard, In this way, specific knowledge of the
steps can be assessed and misconceptions corrected before the student
progresses to Unit 3.
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Unit 3

In this unft the student §s introduced to the need for a limited
interval between tones. He {s then allowed to test the left ear of the
“subject” with a minimum of direction, using the procedures learned in
Unit 2. Thresholds are programed for each pass (ascending and descending)
within each frequency, and these thresholds usually differ slightly
within each frequency so that a third pass will usually be needed.
Further audiometric patterns are used in this test, which simulates more
closely the testing nf a 1ive patient. If the student desires, he may
obtain information on the duration of his tones and pauses,

After completing the test of the left ear, the student enters his
obtained thresholds via the keyboard, to compare his audiogram with the
correct one, :

This unit was inftfally used to determine how well students learnud
from the first two unfts, [t was found that some additfonal feedback
capabi1ity was needed, especfally for a frequency that has a threshold
significantly higher than the preceding ones, and a review option was
thought to be necessary. As indicated in the following section, students
were generally successful in finding the correct thresholds, but observa-
tion of their behavior revealed that some correction of their technique
was ogcasionally needed, and they vere occasfonally unsure of their
procedure,

The feedback consisted of messages displayed on the screen following
an error, These messages described the error and stated the procedure
that sheuld be used. The review option con.isted of a short descriptive
paragraph dealing with the different aspects of threshold finding., This
option could be accessed at any time during testing, and allowed the
student to branch back to the summary program in Unit 2 {f he desired.

Exnmgles of the programing of the preceding units are provided in
Appendix D.

Method of Evaivation

For the most part, each subject using the audiometer provided
{nformation on how weli the program taught, and data for further modifica-
tions of the program. Thus, continual minor changes were made in the
pro?ran during subject trials. (This is a unique feature o computer-
assisted instruction, and one which was necessarily explofted). Most
changes consisted of changing the wording {n some textual passages to
improve clarity, adding opportunities for review of material, and cor-
recting errors in coding.

One mewber of the project staff sat with every subject during the
tryouts to observe, but he could provide assistence {if absolutely neces-
sary. This was considered desirable because of the added information and
fnsight that can be gatned from cosments by the student during the course
and from observing the student's actfons. 1t also facilitated rapid
course modifications. Although the student rezords that can be retrieved
from CAl are exceptionally complete, it required about a week to obtain
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them and they do not show the reason for an error being made by a
student, During course development, it is the reason for making an
error that is most uceful in making corrections. Thus, it {s most
efficient to ask the student why he entered an incorrect answer at the
time the error was made.

A1l subjects were taught at the Computer Assisted Instruction Labora-
tory at The Pennsylvania State Unfversity. They were all volunteers and
were not paid. In most cases it was possible for them to finish in one
sessfon. Most subjects were run while few others were signed on the
system. This was done by utilizing evenings and weekends.

The relevant characterfistics of all subjects are ?1ven in Tabl¢ 2.
Students enrolled fn the course "Introduction to Audfology” (X1 through
X7) were used for the fnitfal course tryouts. These students hed had
introductory lectures on audiometric testing and had used a portable
audfometer to test a few friends with normal hearing. One subject with
no audiological back?round but with ex?erience in writing CAl programs
and twn nurses with 1ittle audfological knowledge also pa~ticipated in
the initfal tryouts in order to evaluate the program witn subjects who
had not used an audiometer.

Subjects with a varfety of backgrounds were used for the final try-
outs. It would have been desirable to use students in the fintroductory
course, but it was not offered durin? that term. Consequently, it was
decided to obtain subjects with varying backgrounds to provide as
complete a test of the course as possible. Seventeen additfonal subjects
were obtafned. Of these, three were not able to complete the course due
to technical and rescheduling difficulties. Of those who finished, four
had completed an introductory course in audfology, three had mo e exten-
sfve practice with audfometry, two had very brief exposure to audiometry,
and five had ro experience,

RESULTS
Statistical Results

A summary of student performance on the program is given in Table 3.
The mean time to complete the program was 131.9 minutes, the medfan was
133.7 minutes, and the spread was from 84 minutes to 195 minutes. Unit 1
requirid an average of 36 minutes, Unft 2 took 66 minutes, and Unit 3
took X minutes. )

Latency data were obtained for each student. Latency is the time
it takes a student to make a response to a computer outout. These data
were obtained for all entries which required a meaningful response;
latencies for page turning responses and fnternal adjusting responses
following errors were not recorded., An analysis of fndividual student
records fndicated that the latency of a response was almost always shorter
than the actual time between the previous response and the one analyzed,
This difference was due to processing time, and was of the order of 1/2
to 1 second in most cases. The total latencie: for the subjects were not
correlated with the total completion times, however, possibly because of
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Table 3

Summary of the Tota) Time for the Course, Time for Unit 3,
Rankin? of Students on Time, and
t

Number of Visits Needed to Completie the Program
Total No. of
Student Program Time for Times
. Numbei Time (min.,) Rank Unft 3 On Line
X1 90 e Incomplete ]
Xe 138 14 52 !
X3 148 18 34 ]
X4 105! 4 No Record )
X5 106 5 ]
X6 142 16 30 !
X7 120 8.5 '3 !
X8 133 12 40 k)
X9 134 13 20 ]
X10 170 23 38 ]
m lncomp1$te !
X12 140 15 23 ]
X13 125) 10.5 22 )
X4 155] 20 19 ]
X15 120! 8.5 21 2
X6 110 6 17 !
X7 84 ! 17 ]
X8 160 .5 42 2
x19 95) 3 16 ]
X20 125) 10,5 39 )
X2 150) 1¢ 38 ]
K22 1951 24 64 2
X23 lncou\pwte 2
X24 160 21.5 No Record ]
X25 1! 7 28 )
X26 Incomplete !
X7 145) 17 3 !
Totals 3156 635
Mean 131.9 30.2

}Timed by observer
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differences in reading rates, in break perfods (which were not recorded)
and in review options selected. Due to these difficulties, latency
measures were not included in the performance summary,

The ranking fndicates that there 1s 1{ttle relatfonship between
the student's position in the sequence and the time he took for task
completion, The other differences that may contribute to these
differences are discussed below.

Most of the subjects were able to complete the program in one ses-
sfon, System difficulties or time 1imitations were the cause of two or
more visits. Two subjects who were not able to finish in one sessfon
were not able to return. One attempted to take the program during the
work day but did not finish when V{ttle progress was made due to usage
xf th:isyétem by other authors. This problem {s discussed further {n

ppendix E.

Table 4 {s a summary of student performance on Unfts 1 and 2. The
enter and process (ep) fnstruction tells the computer to wait for an
fnput from the student. The number of ep's given in Table 4 does not
{nclude paga turns, corrective responses, tone duration practice, or
tone releases. Unft 3 was omitted from this tally because the free
response capabflity did not allow a test for correctness for every
response,

]
The attempt ratio (AR), calculated by the formula 100 xAttemP:‘1; €p S,

1s analogous to an error rate, but attempts may include typing P
errors, poor aiming of the light pen, program and system errors, and
other mistakes that are not due to misunderstanding of concepts. These
errors that are not related to learning may comprise ten to fifty percent
of the wvrong entries made, depending upon the care with which the student
works and upun the condftion of the program, Oue to the Cantinuing
improvements being made fn the program and to a minor but hard-to-find
defect {n the ATU ftself, system errors made more than a minor contribu-
tion to the attempt ratfo. Thus, the obtained ratios are an overestimate
of the actual errors made by the student. That these system errors were
reduced through successive improvements {n the sofiware and hardware is
fndicated by the decreasing trend in AR toward the last of the subjects.

In a program of this type, 1t might be expected that there would
be a positive relationship between the time required to complete the
course and the number of errors made. From an fnspection of the rankings,
this correlation {s not evident, although any 1elatfonship may be masked
by differential numbers of system errors.

For the purposes of this course. Unit 3 (left ear threshold) served
s & criterfon test., ODuring subjest trials, this unft was improved
more than the others in responsc to the needs of the students. 1n order
to challenge tha students, this ear was quite different from the right
ear they had tested in Unit 2, An audfogram with an abrupt drop
(Figure 5), in which the thresholds at 4000 Hz and 8000 Hz were sfgnifi-
cantly higher than at the lower frequencies, was used.
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The number of tones given to obtain the conplete left ear audio?ram
varied from 95 to 207, with 2 mean of 130 and a mode of 134, An analysis
of the subjects' performance in finding thrusholds is in Table 5., The
acceptability of an audio?ram was determined by the nature of the errors.
Current audiometric practice considers deviations of 5 db from the true
thresholds as acceptable and allows cne deviation of 10 db. Using these
:riterfa, 16 of the students (70%) produced acceptable audfiograms,

Although seven subjects rbtained unacceptable audiograms overail,
five of these showed improvement with practice, (as did nearly all
subJects).¢SBhe seguence of frequencies tested was 1000 Hz, 2000 Hz,
4000 Hz, 6000 Hz, 500 Hz, 250 Hz, and 125 Hz; the trend toward improve-
mant {s obvious.; The stvong performance on 8000 Hi was surprising but
only one thredhold value of 75 db was used for all passes across thresh-
old, and the subjects were ?1ven hints and encoura?enent by the staff
observer prior to the addition of the hint capability to the program.

The ranking of subjects on the basis of deviation from correct
thresholds does not correspend to a large degree with the other rankings
obtatned, Apparently the time to complete the program or the attempt
rate are not related to the performance in finding thresholds. It s
u180 interesting to note that although there was no trend toward improve-
rent §n rankings with an increase in subject number, there was only one
unacceptable sudiogram among the last twelve students who completed the

ogram. Because this group of subjects comprised a good mixture of
ackgrounds, the indication {is that the effectiveness of the program was
improved by the modifications.

Table 6 provides data on subjects regarding previous background {n
audiology. An interesting finding is that 83 percent of subiects with
no previous audiometric testin? background (excluding nurses) produced
acceptable audiograms white only 67 percent of those with a background
fn audiology did so, The majority of those with an SPA background who
obtained unacceptable results were those taking the course at the time;
t?ey may Eave experienced interference from their partially-learned
class work,

Table 6 also explores the relatfonships between the major performance
measures of total time and number of attempts for the course and
acceptability of audiograms and other possibly relevant characteristics
of the subjects, such as age, sex, and experfence with CAI. Although the
nunber of subjects 1s too small to draw firm conclusfons, the most inter.
esting finding was that the nurses, as a group, did poorfy on the dimen-
sions of time and attempt rate, although they performed adequately on the
criterion audfogram, This may be due to the fact that most of the nurses
approached the ‘ask more cautiously than the other subjects and may, in
fact, have had a less relevant background for the mechanical task than
those 1n the "no experience™ group.

As expected, all those experienced with CAl finished in the upper
half of the group with respect to time because they did not need time
to become accustomed to the system.

No other systematic differences emerged from this analysis.
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Unit )

Unit 2 Combined Totals
AR AR Total Total AR Rank
ep's Attempts (%) ] ep's  Attempt (X)| ep's Att. Total AR
n oo 20 18 172 197 15 189 217 15% 5
X2 218 24 14 172 228 33 193 252 3 19.5
§2 23¢ 30 30 173 226 3 196 256 3 19.5
X5 261 43 65 172 195 13 198 238 20 N
X6 212 23 10 172 202 1}, 193 225 17 6.5
X7 212 29 38 205 238 16 226 267 18 8.5
8 212 26 24 173 217 25 194 243 25 16
X9 33 50 52 194 230 19 227 280 23 13
:}? 34 i 29 212 263 36 246 307 25 16
X12 38 45 18 245 308 37 283 353 25 16
X13 37 45 22 224 219 25 261 324 24 14
X14 38 48 26 3} 279 29 255 327 28 18
X15 34 43 26 216 262 21 250 305 22 12
16  20) 28 29 215 292 36 235 320 36 1.5
17 12! 1 7 217 238 10 229 252 10 2.5
18 39 45 15 246 288 17 285 333 17 6.5
19 34 35 3 225 251 12 259 286 10 2.5
X20 28 3 n 216 243 13 2M 274 12 4
21 35 42 20 227 269 19 262 N 19 10
43 19 228 315 38 264 358 36 21.5
46 28
37 9 217 236 9 251 213 9 !
43 19
48 33 226 262 16 262 30 18 8.5
882 4564 5518 5202 6311
24 22 22 22 22
36.8 243 250.8 21% 286.5  21%

207.5

2%.0
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PURE TONE AUDIOGRAM
(150-19.34 Calibration)
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Figure 5. The audiograms for the right ear (Unit 2) and the left
ear (Unit 3) of the patient tested by the subjects. (The thresholds
for the right ear are indicated by circles, the left ear by crosses).
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Observation and Interview Results

After completion of the program, each student was asked to discuss
his attitudes and opinions of the course and of CAl as a method of
learning. An initial questionnaire consisting of seven questions was
used as a basic framework for the discussion, but the subject was
encouraged to add anything he wished. The 1ist was later expanded to
eleven questions to evaluate added capabilities. The firal list of
questions 1s in Appendix G. Questions appropriate to each subject were
selected from the list.

The results of the postprogram discussion are given in Table 7.
Almost all subjects liked the CAl method of learning. One dissenter
thought {1t was too mechanical, one preferred to learn by listening.
Most students (80 percent) preferred practice with the CAI “patient” to
ﬁractice with 1ive patients for the early stages of training. Those who

ad worked with 1ive patients pointed out that there are other cues that
can be used with people, such as facial expressions, spoken responses,
and attentional cues which could not be simulated, but most stated that
the man on the display screen was a good approximation of a live patient;
he responded about the same. Almost all students recommended practice
with 1ive subjects at some point in training; this is assumed to be a
necessity for a full course of instruction.

Other questions dealt with specific characteristics of the program
and equipment. Most students thought the program was not too difficult.
Some complained that terms were used which they did not understand; this
led to the addition of an optional vocabulary review. Those students
who experienced difficulty provided information for course revisions
and the addition of more review options. They generally liked the
variety of thresholds and the ATU panel.

To check the accuracy of the course, students with prior audiometric
training were asked if the program taught anything incorrectly. All
agreed that nothing erroneous was taught, although some said the procedure
was different from what they had learned and experienced difficulty
following the prescribed technique during the criterion testing. Some .
students-in-training found that they had vorgotten or had not learned
some of the detafls of the threshold finding technique in class.

Perhaps the most interesting result concerned the speed of the pro-
gram, Although it was self-paced, 25 percent of the students said the
course was too fast, 10 percent thought it too slow. Some of those who
felt 1t was too fast specifically referred to Unit 3 in which students
were urged to test at a normal testing rate. If a student took too
long between entries, a message appeared asking if he was finished. This
was perceived by some students as pushing them to perform faster than
they wanted. In addition, at other points in the program, messages urging
a student to respond could appear if excess time was taken (the "time cut"
was about twice the average time to answer a question). One student who
complained of slowness was on 1ine while other course authors were on
1ine. The resulting degradation of the system did, in fact, cause the
erogram to run slowly. This most seriously effected the speed of the

patient‘'s" response, a problem that was minimized by operating at times
others were not on the system.
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Students enrolled in the audiology course were asked to compare the
CAI method with their class experience. Most thought it was good review
and liked the feedback provided by CAI. Two said they learned more in
the CAI course, one thought it was harder. One student pointed to the
flexibility of review and the pessibility of playing games to see what
would happen without disturbing a 1ive patient. Another student observed
that it made her learn the material.

During audiometric testing both the tone duration and the pause
duration are supposed to be within a limited range (2 to 4 seconds).
After the first test trials, feedback concerning the pause duration was
added to Unit 3 (tone duration was already being displayed). Although
some students liked this information, others were distracted by it, so
its availability was made uptional. The majority of students preferred
to work without the pause information although observation indicated that
they tended to make the pauses too short.

Many students took advantage of the reviews and other help provided
in the course. At least three used the raview feature of Unit 2, and at
least five selected the option to go through portions of the programed
summary more than once. After the review option was added to Unit 3,
about one third of the students used it to meke sure they were doing the
right thing or to check on specific procedures before they started.

Almost all students, and all those with no experience, used the vocabulary
review option after it was made available in Unit 2. Many students also
used the option in Unit 1 to practice giving tones of correct duration.

Six students attempted the pretest which would allow them to skip
the introductory part of the course. Five passed it and skipped ahead;
one failed. One who passed was the first subject tested, X1, who did
not complete Unit 3 because of technical difficulties. The other four
required an average of 101 minutes to complete the course, which is
marked!y below the all-student average of 132 minutes.

Most students with no audiometric experience used the portable
audiometer to find out what the tones were like. Tiey had 1ittle trouble
using it and were able to make use of their learning of the ATU panel for
the smaller device. These students generally felt that experience with
the real instrument was useful and made the learning more meaningful.

Students generally had little difficulty using the CAI terminal
equipment, An introduction to the terminal, which was the first part of
Unit 1, was successful in teaching how to make responses with the key-
board and 1ight pen and how to change keydboard responses. Some students
had a little difficulty learning how to respond due to the initial
strangeness of the process, but these problems were worked out during
the introduction, The 1ight pen was usually easy to use except for the
audiogram which was placed on the display screen. Fine discriminations
with the 1ight pen were needed to indicate the placement of the obtained
threshold points on the audiogram; a few subjects had difficulty aiming
the 1ight pen properly, but all ultimately succeeded. Helpful messages
were displayed when this difficulty was ercountered.
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Students were not usually disturbed by the occasional system ervors
which occurred such as errors in timing of the tone duration, program
errors, or erroneous feedback resulting from hardware difficuities with
the tone switch. However, the reasons for errors were explained to the
students when they did occur, and the number of errors was improved
from about three percent of responses at the start of trials to about
zero percent at the end. Errors mostly occurred when others were on the
system, especially when authors were working on line. In two cases it
was necessary to pause in the program until others were finished, and
one student vho could only work during office hours could not complete
the program due to system usage by others. A more complete discussion
of these difficulties is given in the conclusions and in Appendir E.

The best evaluation of what was learned from the prograw can be
gained from looking at the specific procedures used by students to obtain
the thresholds in Unit 3. These were obtained from the students' records.
Representative samples are provided in Appendix H. 3

A review of the procedures used found that although no student used
the corrcect procedure for all thresholds, most used a method that was
basicaliy correct for most of the thresholds. The most difficulty was
experienced with the 4000 Hz and 8000 Hz frequencies which differed from
previous experience in that the thresholds were significantly higher than
previous frequencies. Most errors consisted of not completing a third,
descending pass across threshold when the need for one was indicated.
Other errors included testing at one db level more than once successively,
starting a descending pass by using the wrong db increment and not
adequately completing a pass across threshold. However, these errors
still allowed an estimate of threshold that was close to the correct one.
The use of review and the error messages, which were added for the last
six subjects, resulted in an improvement in the methods used.

A comparison of the techniques used with the errors made indicates
that for most of the gross errors (more than 10 db), th: correct informa-
tion was available. It may be that in some cases the erroi was made in
marking the audiogram form itself, or due to a faulty memory. This type
of error should decrease with practice,

The sequence in which the frequencies were tested was generally
correct, although two students cnitted one frequency, one testec the
hi?her frequencies in the wrong sequence, and one tested two frequencies
twice.

CONCLUSIONS

Based on the results, the audiology program generally succeeded in
bringing students to the stated criterion behavior of using the method
of 1imits to find hearing thresholds. It is significant that the same
level of proficiency was reached by students with such a wide variety
of backgrounds and experience and that there was 1ittle systematic
difference in time taken or attempt rate between those who had experi-
ence in audiometry and those who had none. These results may be
primarily attributed to the capability of CAl for self-pacing, feed-
back, branching, and student-selected review or repetition. The use
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of self pacing was certainly shown by the variation in times to complete
the program, Slow reacers or those initially unfamiliar with audiometry
could take their time and be sure they understood each frame, while
those who were experienced in audiometry or who could work quickly were
able to speed through the program at a rate they found most comfortable.
However, the inherent time lags in Units 2 and 3 slowed down those
students with prior audiometric experience who tended to test a subject
too rapidly and made them aware of their tendency to work too quickly.

Feedback, about which most students made favorable corments, can
be a very powerful capability of CAI and was apparently used effectively
in this program. Unique uses of feedback included telling the student
which switch on the ATU was set wrong and how it was set, the duration
of tones and pauses, and unit summaries of the types of errors made
with the ATU. Students were almost always required to make a correct
response before they were allowed to continue with the program. A
variety of messages were provided for each response opportunity so that
a message appropriate to each specific error could be displayed. In
this way the course was tailored to each individual. For this reason,
also, the size of step could be made larger than in a comparable
linear program, with the consaquence of a higher error rate. That stu-
dents with high attempt rates performed well on the criterion audiogram
attests to the fact that this method produces effective learning.

Feedback tel1ing the duration of each tone was appreciated by
almost all students. Those taking the course in audiometry remarked
that it was the first time they knew how long their tones were, and to
some of them it was a surprise. However, one or two experienced audio-
logists complained that the computer generated times were incorrect,
although most durations were accurate to one third of a second.
Occasional errors in timing did occur which may have lessened confidence
in this feedback; this problem is discussed in Appendix E. '

Due to the nature of the material and the large step size, true
branching within the course usually occurred under student direction,
for example, the pratest option and the review, practice, or repetition
options were true branches. Recommendations for review were made if a
student's performance was less than a specified minimum, but the final
choice lay with the student. Students did use these choices wisely,
however, as indicated by the number that selected more work on a ‘topic.
If they were confused or felt that they had not learned adequately,
they selected appropriate reviews. ‘This implies thut students can be
trusted to make effective learning decisions during a course, and they -
seem to a?preciate be.ing able to choose. It may give them a feeling
of control over the course rather than a feeling that they are stuck
in a mechanfcal sequence about which they can do nothing. This feeling
of control may have contributed greatly to the favorable attitude
expressed toward the course.

The favorable attitude and the rapid pace of the course may
explain the students' ability to work continuously for over two hours,
even though rest periods could be selected at the end of each unit.
Some students were continuously absorbed with tne task and did not
stop until they were finished. Tnose who required much more than two
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hours tended to tire somewhat; the older women tended to become
fatigued after two hours. It was found that students who left the
program in the middle and returned after one or more days had little
difficulty continuing. Thus, in operational use it {s suggested that
students work in increments of not more than two hours.

It was decided that about two hours was all that could reasonably
be asked of unpaid volunteers and that adequate information on course
effectiveness could be gained from the left ear audiogram (Unit 3). The
full course corsists of nine more full {both ear) audiograms, but more
can be generated easily by making a small number of changes in a deck of
punched cards. Based on the obtained times for Unit 3, it is anticipated
that additional simulated audiograms would require a 1ittle less than
an hour each, although this time should decrease with practice. These
times compare favorably with the reported time of one hour to test a
live subject. The added audiograms contain different patterns of
hearing loss (flat, marked downward slope, trough, etc.) as well as
special deviations from the patterns (abrupt drop, notch, etc.) which
have been drawn from actual clinical records. Included within the
simulated audingrams are such transient auditory phenomena as temporary
threshold shift, loss of attention, and patient fatigue. With these
the student would receive a thorough introduction to the various kinds
of hearing difficulties he might encounter in basic audiomstric testing
and would be much better prepared for them than if he had tested only
normal subjects. The need for practice in transient auditory phenomena
was vividly iliustrated by those students in audiology who had a great
deal of difficulty finding the left ear thresholds for 4000 Hz and 8000
Hz. They had never encountered such a situation and did not know how
to proceed.

The difficulty experienced by students with the first few frequencies
of Unit 3, and their subsequent improvement, highlighted the nezd for
extensive practice in audiometry., Although the requived skills of using
a specific procedure to change db level, timing of the tone duratio:,
and remembering obtained estimates of threshold seew fairly simple
individually, students had difficulty integrating tnem as a unit, even
after extensive practice with the mechanical skills. They frequently
complained that they couldn’t remembe:r the obtained thresholds of a
frequency. Some students even wrote down the results of each hearing
level as they tested. It was necessary for them to experience a "real"
testing environment and work with it in order to develop the required
unified skills needed by a good audiometrician. This experience can be
gained much hetter in a CAI environment that can provide feedback, or
can give assistance if requested, than by a 1ive subject who may become
impatient to do other things and can give no help concerning the accuracy
of the procedures involved. When the student has completed his
training with CAI he is fully prepared to learn the subtleties of
working with live patients and need not be concerned with the fundamental
techniques of testing.

Simultaneous usage of the computer by students working on other
courses usually made 1ittle impact on the audiometry program, but use
of other terminals by authovs inputting, revising, or testing material
usually slowed the response of the displayed “patient", sometimes so
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severely that a student would be finished giving the tone before the
“patient’s" hanu was raised. The amount of system degradation depended
upon the number of authors working and the type of work they were doing.
One author who was only executing material slowed the system occasionally;
this could usually be tolerated and a few students ran under this condi-
tion. Two students attempted to work during heavy system usage; one

could not complete the program, the other finished during a less busy
time.

As a test of interference, two staff members operated the audiometry
program Simultaneously as students, one using the ATU and the other using
a typewriter to simulate the ATU. Little interference resulted from this
test, even when the two "students" were working at different points in
the pregram.

Program interference due to system usage is not usually a problem
with courses, but due to the need for rapid response time for effective
simulation, system degrading s an important factor in .the audiometry
course. Thus, it vwill be mos\ effective when no others are using the
computer, and can be operated successfully when other students are taking
a course that involves relatively simple operations.

The 1500 System {nstructional terminal proved to be an effective
medfum for instruction. The display screen, which was used for most of
the communication, was grnerally adequate although some students com-
plained of flickering and some suffered eye fatigue from the quality of
the 1ight. The size of the screen restricted the amount of text that
could be displayed at one time, and limited the types and extent of feed-
back messag2s. However, this limitation has the advantage of minimizing
the amount of text that can be presented to a student at one time and
promotes economical use of verbal messages.

The image projector provided the capability for showing photogradhs
of the ATU on wiich specific settings could 2 shown and highlighted to
be used as remedial or corrective material, photographs of a "patient”
with earphones placed correctly and incorrectly, full color reproductions
of the audiogram forms for comparison and for text to be used as a
reference or a message while other material was displayed on the CRT.

The projector was in general, satisfactory, although it was found that
the initial exposure of film was critical and difficulties were encoun-
tered with the reproduction of the film (discussed in Appendix E). Film
is very useful when photographs or diagrams are needed for the instruc-
tion or when some reference is to be used for more than one display.
Howex :r, these could also be placed in a loose-leaf booklet, although
direccions to the page would be required. The major disadvantage of
film 1s the need to completely rephotograph all images if one change is
to be made. Thus, it may be preferable to use loose-leaf booklets for
initial tryouts of images and make the film only when all images are
finalized. It was also found useful to make multiple exposures of each
image to insure at least one good frame of each. Because of some fnitial
difficulty with the camera used to photograph the images, this precaution
proved a valuable one.
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Coursewriter II generally was able to meet the demands made upon it,
but some of the instructions were found to interfere with the timing
process used and, at times, the limited logical capabilities required
that complex coding be used to perform a simple logical branch. A
discussion of programing with Coursewriter Il s given in Appendix E.

RECOMMENDATIONS

Although the audiometry program and the Audiometer Trainer Unit
works well, some modifications to the ATU that would simplify the program
coding and produce a more efficient and faster course, have been found
to be desirable. Some kind of signal that differentiates between depres-
sion and release of the tone switch is needed to insure that the computer
stays in phase with the student (due to the freedom given the student
in Unit 3, it is possible for the student to work so fast that a depres-
sfon of the tone switch is treated as a release - the computer gets out
of phase). The most needed modification is a timing mechanism built
into the ATU to measure the duration of the tone switch depressions.

This would allow completely accurate timing that is not subject to inter-
ference by other computer users. This time could be transmitted to the
computer upon release of the tone switch.

A recommended addition to the course, which was commented upon by
some students, is the use of audio messages. The IBM 1506 audio units
furnish a random-access audio playback capability. These units were
installed near the end of the project and could be used to play the
tones given by a student, to give examples of other audiometer outputs
(SISI, tone warbie, etc.), and to direct audiometer operations which
wouldallow the student to pay full attention to the audiometer and
relieve him from the process of reading and then operating. The addition
of audio messages would require some course revision, but the improvement
in the course would be worth the effort.

With the development of the ATU and the success of the basic audio-
metry program, it would now be feasible to extend the program to include
more advanced audiometric techniques such as the SISI test, the lourness
balance test, the use of masking and the use of tone warble. However,
some further modifications of the ATU may be necessary. A treatment of
various pathological conditions could be integrated with further practice
in audiometry to provide added experience in dealing with "patient"
responsec that are typical of cdifferent types of audiological involve-
ment. This would permit the advanced training of audiologists in an
enviornment closely approximating reality, where they test a “patient,"
make a preliminary diagnosis, seek further information if necessary
through specialized testing, make a final diagnosis, and finally make
recommendations. This environment is difficult to obtain in the real
word because of the limited number of people with pathological auditory
condftions and the reluctance of testing centers to allow novice audfo-
logists to work with those that are available.

Although the expansion to a more sophisticated course is one recom-

mended continuation of the present project, there are many uses to which
tiie present course could be put., It was, of course, designed to be used
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as a part of a college course in audiology. However, its success with
audiometrically naive students indicates that it could be used as a
stand-alone course for the training of nurses, technicians, and others
who need only a basic knowledge of audiometry. The emerging mobile CAI
concept, in which a computer and terminals are mounted in vans which can
be easily moved to different locations, would allow school and industrial
nurses and others normally responsible for giving screening audiograms to
take the course to maintain their proficiency for administering full
hearing tests. Such a concept could also allow the teaching of audio-
metry to disadvantaged persons near their homes to give them a skill that
may be in more of a demand than those they possess.

Experience with the trained audiometricians indicates that proficiency
maintenance would be a good application of the program. Although some
experienced audiologists went through the whole course to see what it
was like and a few passed the pretest, others felt that they needed to
go through the material again. The average attempt rate of this group
indicates that some relearning was needed, although the techniques
taught by this course may have differed somewhat from those originally
learned. Perhaps the group that would be helped most by such proficiency
maintenance methods would be those such as school nurses who spend most
of their time giving screening audiograms. Although none of this group
could be obtained for the trials, the results indicate that they could
benefit from this program.

The results of this study may be considered in contexts other than
that of audiometry. The successful integration of the audiometry
simulator with an instructional computer system indicates that other
devices could also be simulated, such as a polygraph, EKG and EEG Units,
anesthesia administering units, and other devices that are commonly used
with people and for which patients with pathological conditions are not
available for practice. However, this concept need not be applied only
to patient contact devices. Instruction in the use of any equipment
that requires adjustment to specific conditions, such as x-ray equipment,
various patient monitoring devices, artifical hearts, lungs, and kidneys,
and even commonly used laboratory equipment could be provided through
interfacing an appropriate simulator with a computer system such as the
1500. One application of this type to electronics, the use of a multi-
meter, has been described and tested by Rivett (1967).

The feasibility of using a computer-controlled simulator of a
patient contact device for the training of device operators has been
deronstrated by this project. The future is limited only by the ingenuity
required to design and build effective simulators. The use of CAI with
simulators that require hands-on experience is postulated as one of the
most valid and defensible uses of CAl because training in the use of
devices such as an audiometer by any other means cannot be as effective
as that provided by CAI.
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INTRODUCTION

The IBM Audiometer Trainer Unit (ATU) is a unique device which applies
Computer Assistad Instruction (CAI) to laboratory exercises or '"hands-on' train-
ing In Audlology. For this tralning, the student muat perform practical exer-
clses on an audiometer, a device used to test a patient's hearing.

In learning to operate and perform hearing examinations with the audiom-
eter, subjects must he avallable to act as patients. In audiology classes these
"patients' are other students of the class whose hearing is usually normal,

The ATU, operated in conjunction with a CAI program in Coursewriter
language, provides step-by-step instruction {n the operation of audiometers
without the necessity for an lnstnictor's continual checking or testing of per-
formance. The CAI program is written to simulate the 'patient” under examina-
tion; therefore, the student may be preasented with hearing characterlistics repre-
senting any abnormalities desired. Even audlometer malfunction can be
simulated.

DESCRIPTION

Audiometers ar. preegently built by several manufacturers; the design
depends on whether the device {s for use in schools as a screoning device, for
use in clintes and hosplitals, or for more speclalized examinations. Outwardly,
the ATU is representative of audiometers in general use. (Figure 1) It has
dials, switches, eto. similar to the standard American pure-tone audiometers.
Dial labeling, knob size, etc., represent the generally accepted practice in the
fiel,

Transition from the ATU to an actual audiometer should be no more diffi-~
cult for the student than the transition from the audlometer of one mamfacturer
to that of another.
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Internally, the ATU contains none of the tone-generating and control func-
tions found in actual audiometers. It contains fnstrumentation for encoding the
switch positions as well as centrols and Interface circultry to supply the com-
puter with these positions.

INTERFACE

Although the ATU has a slrgle fiont panel design, the internal subchassis
installed within the unit depend on wle&ther it 18 to be used with the 1050 System
or the 1500 System. \When the ATU s interfaced with the IBM 1050 Data Com-
munlcation System, the internal circt its of the ATU are similar to those of the
IBM 1092 Programmed Keyboard. V/hen connected to the IBM 1600 Instructional
System, the ATU contains circuits which make its operation similar to that of
the IBM 1518 Typewrliter and Contral Unit.

1050 OPERATION

The ATU ls attached to the 1051 control unit of the 1050 System by one
cable which carrles data, control signals, and power. Flgure 2 is a block dla-
gram showing ~lements of the ATU when used for 1050 operation. Pressing
the TONE swi{:-h causes a relay contact to close. When the 1050 polls the ATU,
the contact is sensed and relay clrcuits activate a mechaafcal scanner (Figure J3)
which samples front panel switch positions.

As each switch 1s scanned, its position {8 encoded in binary-coded decimal
by a diode-coding matrix, and it is sent to the 1061 on seven bit-parallel lines
(six BCD bits plus parity). Coding for each switch 18 shown in Figure 4. At
the end of the cycle, an End-of-Block (EOB) character Is transmitted.

ATU CONTROL

a. The ATV initiates and ends transmissions,
b. When the 1050 is ready to read, scanning begins,

c. At the end of the scan tycle, the 1050 indlcates Lhe recelpt of a
good trenamission.




AT -1 1051 !
Cantrol Polling
Tone Switch Premd’I Relays [ Signel
Front
Panel Scon
Switc hes Control
Switch Sconning
Scanner
Switeh
Positions
Coding 8CO
- P Matrlx #{ Chorozters
I .
L L—_ Suneatina o svnd

Figure 2. ATU/1050 Block Diogram




Figure 3. Sconner Cord (1051 Attachment)
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Figure 4, (Sheet 2 of 2)
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The ATU, as an input to a 1050 system, [a similar to a 1092 matrix key-
board. As such, the ATU must be selected by the 1050. The ATU first indlcates
thet it has data ready to transmit. Then, when the 1050 [ndicates that It I8 ready
to accert data from the ATU, a scan operation begins. The scan cycle (14.8 cps)
sequentially transmits BCD data to the 1061, representing all the data prewlired
In the ATU switches.

The scanner card (Figure 3) controls the order and speed ut which the
data is transmitted. The order I8 determined by jumper wires; the speed by
the speed of the synchronous motor. A wiper assembly, connected to the
motor shaft, makes one revolution on each scan cycle. As the wiper rotates,
it electrically connects +12 volts to each data segment. Each data segment
except the 1ast one in the scan cycle is wired to the common contact of 4 front
panel switch. The contacts of each front panel switch are connected to the
coding matrix, wiich produces BCD code for the switch setting. 'The last data
segment in the scan cycle 18 wired to produce the BCD coda for EOB.

SCAN CYCLE

2. The ATU indicates that the data s rcady,
b. The 1050 indicates that it is ready to transmit from the ATU
o, The scan cycle begins,

d. The switch position data is transferred to the 1050 parallel
by bit, and serial by character,

6. An EOB character nignals the end of a singlo transmission.

Description

Before & tranamission can be requested, power must be supplied by the
1051 through a connection at the reader interface, The power switch on the
ATU controls only do powar; ac power for the scanner motor, supplied from




the 1051, is not switched. Each time power is initially applied to the ATU, the
scanner motor advances to the home position. 'This is called power-on
homing and i8 not a true scan cycle, because the correct operating procedures.
have not yet been put into effect.

Power-on homing is performed by picking the homing relay through a N/C
““power-on point and holding it until the home position on the scanner i
reached.

Pressing the tone key picks the ready relay and activates the paper contact
line to the 1051, The ready relay holds until a good answer is received at the
end of the transmissfon. When polling determines that the paper contact line
is active, the 1051 activates the reader-clutch line to pick the address relay.
The address relay pick-cofl is under the direct control of the 1050 reader-
clutch line. The hold coil is used to ensure a complete transmission of a char-
acter if the 1050 drops the reader-clutch line in the middle of a character
transfer.

The address relay and the ready relay pick the motor relay and a scan
cycle begins. The first step on the scanner is not used with the ATU.

Each character is transmitted in the sarne manner. The selected char-
acter is first encoded to BCD (I'igure 4) and applied to the bit lines which
are connected to the 1ﬂ50.. Any BCD hit picks the strobe relay. This relay
activates the strobe line to indicatc to the 1060 that data is on the bit line(s).
‘The 1050 uses the sirobe line to gate the BCD data to the line - or home-
register.

The strobe relay also picks the strobe duration relay to govern the length
of the impulse. The strobe duration relay is conditioned by an R/C network
to slow the pick and provide the timing for the strobe impulse. When the



strobe duration relay picks (R/C network timed out), the end-data relay picks
to drop the strobe relay. The end-data relay holds to the end of the scanner’

segment. When the end-data relay drops, the same operation can be repeated
for the next character,

Circuit Objéctlves
All logic locations are for 92A07 unless otherwise noted,

1. Power-on homing,
Pick homing relay (5-2 N/C, C2-Power On point),
Run motor (6-3 N/O, C1),
Pick home relay (home etep, C2),
Pick power-on relay (F2).
Drop homing relay (5-2 N/C, D2-Home point),
Stop motor (6-3 N/O, C1).
2, Sect Front Panel Switches
3. Indicate ready-to-transmit to the 1050,
Press the TONE key (C1),
Pick the ready relay (7-3 N/C, D1),
Activate paper contact line (3-2 N/O, B1),
4, Run the scanner motor,

This operation sequentially reads out the
switch position codes.

Each gcanner step transmits a character in the same mannér, up to
the EOB step, See EOB operation,

' Pick the address relay (reader clutch line from |
1050, D1),

Pick the motor relay (2-1 N/O, 3-3 N/O, D1),
Run the scanner motor (4-1 N/O, E2).
5. Prefix Code Step (No transmission in ATU application)
Pick prefix relay (prefix step, F1),
Hold prefix relay (1-1 N/O, 2-2 N/C, 5-1 N/O, F1),
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6. Encode a character to BCDD,
Example: switch 3 (channel I hearing level) {n position 3
Activate scanner common (2-2 N/O, 92A08, Al).
Wiper moves to position B(24,

oo $12 V40 COACON JOZIO OZA0Z,- AL - - oo oo o sie s s e Soeeiss ei

Switch 6 N/O to DO1H on logic 92A07, Al,
Encode C, 4, 1 (Al),
7. Transmit a character,
Data on bit lines (from encoder, Al ard 2),
Pick strobe relay (BCD data, 56-4 N/O, 3-3 N/C, Bl),
Activate strobe line to 1050 (6-1 N/O, Bl).
Pick strobe duration relay (6-3 N/O, B2),
Pick end-data relay (2~1 N/O, B2),
Pick end-of-prefix relay (3-4 N/O, 14 N/O, F2).
Drop strobe relay (3-3 N/C, Bl),
Drop strobe duration relay (6-3 N/O, B2},
Drop end-data relay (no data on bit lines, B2),

EOB OPERATION

a, The EOB step on the scanner transmits an EOB character
(C, B, 8, 4, 2).

b. The EOB step also picks the homing relay to advance
the scanner to the home position,

¢, The good-answer relay must pick before & new trans-
mission can be requested,

d. Three modes of operation control the pick of the good-
answer relay:

Home-loop
" Line-loop without error correction
Line-loop with error correction,

11




Home-~1.00p (Figure 5)

Home-loop would be used with the ATU only for test; it is used with
the 1092 Keyboards for communication between output units,

-~ The EOB step on the scanner picks the homing relay, -In home-loop- -~ - - - oo

mode, the 1050 does not drop the reader-clutch line so the motor is controlled
by two circuits: ready and address and the homing relay,

The ready relay drops when the good-answer relay picks, The homing
relay keeps the motor running until the scanner reaches the home position,

The step following the EOB step picks the good-answer relay to drop
the ready relay.

Line-Loop without Error Correction

This operation is similar to home-loop except that the 1050 dxjops the
reader -clutch line when the EOB character is received, and initiates an
error check, Two operating conditions are then possible:

1, The 1050 receives a good-answer Y and raises the reader-~

clutch line. If the scannor has reached the home position,
a new transmission can begin,

2. The 1050 receives an error answer N, The 1050 does not
raise the reader clutch, and a new transmission cannot
occur. Operator intervention is required, This indication
is displayed on the 1050, The control of the good-answer
relay and the homing relay is identical to home-loop
operation,

Line-Loop with Error Correction

The EOB character indicates the end of a group of data, and the 1050
initiates an error check. The EOB step also picks the homing relay to
advance the soanner to thehome position. This much of the operation is
identical to home-loop. The major difference with the error correction
feature on the 1050 lies in the control of the good-answer relay,

12
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Figuie 5. Home=Loop
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When the 1050 initiates tha error check, two operating conditions are
pussible:

1, The 1050 receives a good-answer Y .,
2. The 1050 receives an error answer N ,

If a good-answer is received (Figure 6), the 1050 picks the good-answer
relay through a N/O good-answer-gate relay point, If the scanner has
reached the home position, ATU is ready for a new transmission,

If an error ansver is received (Figure 7), the 1050 does not pick the good-
answer reliy, Instead, the 1050 raises the reader-clutch line. When this
occurs, the ready relay runs the scanner motor in the same manner as though
the tone key were pressed. With the scaniaer motor running, and the ready
and address relays picked, the same data is retransmitted, In addition, the
CR segment on the gcanner activates the rercad-reset line to restart the 1050,
The error-check procedure is repeated at the end of the scan cycle,

If the second transmission is incorrect, the auto-vestart procedure
ocours again, If the third transmission is also incorrect, the 1050 does not
raise the reader-clutch line, and the ATU stops, Oporator intervention is
required,

Circuit Objectives
All logic locations are for 92A07 unless otherwise noted.

1, Home-Loop
a, Transmit EOB character (C, B, C, 4, 2).
EOB step on scanner {92A08, A2),

Signal feeds through 92A07, C2 and D2,
to 92A07, A2,

Encode EOB character on bit lines (A2).
Transmit EOB character,

14
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3.

b. Advance scanner motor to home position
EOB step on scanner (92A08, A2),
Pick homing relay (6-2 N/C, A2),
Hold motor relay (6-3 N/O, D1), .
“Bick nomgrelay( homeatép,DZ) e e e e
Drop homing relay (5-2 N/C, D2),
Drop motor relay (6-3 N/O, D1),
¢. Force a good-answer

Good-answer without error-correction step on
scanner (92A08, A2),

Pick good-answer relay (1-2 N/C, D2),
Drop ready relay (7-3 N/C, D1),
Line-Loop without error correction,

In the ATU there is no difference botween this operation and
home-loop operation, In case of an error transmission, the
1050 drops the reader-clutch lire to force operator interven-
tion before another transmission can take place. The error is
signaled on the 1050.

Line-Loop with error correction,

a. Transmit EOB character,
Same as home-loop, item 1A,

b, Advance scanner motor to home position,
Same as home-lnop, item 1B,

c. Develop good-answer gate,

This operation allows the ATU to receive a
good-answer from the 1050,

Pick line-correction relay (1050 controlled, D2),

Good-answer without error-correction step on
scanner (92A08, A2),

Pick good-answer gate relay (1-1 N/O, D2),
Hold good-answer gate relay (3-2 N/O, 5-1 N/O, F2),

Drop good-answer gate relay at the beginning of the
next transmission (2-2 N/C, F2),

16



d. Pick good-answer relay,
This operation i3 under control of the 1C50,
LRC answer OK from 1050 (C2).
T T e e e '““"'—”p[ck"gooda-answer relay-(S -];"N/Q',‘LRG‘OK“,“Dz);"'“ e

1500 OPERATION

For 1500 operation, the ATU has its own 12 volt dc power supply. Line
rower is supplied by a power cable (110 volt ac) and is switched by the
POWER switch on the ATU. Connection to the 1502 system is through the 1052
Station Control in the sBame manner as other devices (i.e., a cable cornects
the ATU to the Input-Output Data Bus (IODB), the Device Selection Bug, and
the Examine Bus).

Figure 8 i8 a block diagram of the ATU when used with the 1500 System,
When the TONE switch is pressed, the ATU control circuits cause the Ring
Counter to scan io the first switch position in the scan cycle, Output from the
first scanner position sets the Program Call Bil (PCB) latch. This is sensed
when the ATU is polled in the 1502 examine cycle, informing the 1500 that the
ATU ig ready to send data, The 1502 initiates a fetch cycle via the appropriate
select lines of the Device Selection Bus, The positicn of the first switch is
encoded in correspondence code by the Diode Coding Matrix and sent to the
1502 Input-Output Data Register, Switch coding i8 shown in Figure 4, The
FETCH signal is also used to reset the PCB latch and step the Ring Counter
to the next ATU switch position,

The Ring Counter output sets the PCB latch again so that another PCB is
sensed when the ATU is polled during the next examine cycle, starting another
fetch cycle, This cycle scans the seccond switch position and sends the coded
position to the 1502,

This process is repeated until all eight switches are scanned, No EOB

character is transmitted; the Coursewriter programmer must specify in the
_ep instruction (which requests a response from the ATU) that eight characters
is the maximum to be accepted in order to cause forced generation of an EOB,
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Thu switch position codes are placed in bit positions 10-15 of the Input
Data Word to the 1502, Only three other bits of this word are sent by the
ATU: Bit 1 (Unit Operation) indicates the 12~-volt rower is available; Bit 4
indicates that a PCB was present (data ready) at the start of the current fetoh
oyole; Bit 2 performs the following function. To satisfy 1618 1/0 devics
routines under which the ATU operates, the keyboard lock function of the 1618
is simulated. While performing no mechanical locking, & latch is provided to
accept keyboard lock-bits from the I0DB interface during the transmit oycle.
As a result, a 2 bit s made available to the IODB Interface to (ndicate the
mode (koyhoard locked),

The PATIENT SIGNAL indicator on the ATU is controlled by a latch that
is sot by utiliring an output or print operation, A ty Coursewriter instruction
is used to set or resect the latch by typing a b (bit 10) or w (bit 11) respectively.

SCAN CYCLE (See Schematics)

During the first examine cycle after ATU power is turned on, all fiip-
flops in the Ring Counter are rese', The Counter consists of nine flip-flops,
The first flip-flop stays in the reset state throughout the scan cycle, gating
the second flip-flop so that a trigger input can only reset it. 'Che remaining
eight fiip-flops each supply 12 volts when set to the common terminal of one
of the eight front panel switches which are scanned,

Each flip-flop except the first and last gates the next flip-flop in the
Counter sequencu in the following way: If a flip-flop is set, the next flip-flop
is gated so that a trigger input can »only set it. 1f a flip-flop is reset, the next
flip-flop is gated 80 that a trigger input can only reset it,

Pressing the TONE switch grounds the input to an invertor (logical 0),
producing 12 voits at the invertor output (logical 1). This output is AND'ed
with a NOT KEYBOARD LOCK, and a NOT BLOCK START signal from the
Examine Card, The NOT BLOCK START signal prevents the {nitiation of a
scan cycle prior to the completion of a fetch cycle which may be in process,
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The AND'ed output sects the TONE switch latch, which remsains set until the
TONE switoch is released, Release of the TONE switch repeats the input
operation in its entirety to provide a capability for course authors to record
how long the switch is held down,

The TONE switch latch output triggers a single-shot, producing a one-
millisecond pulse vvhich is inverted and sets the Switch 1 Flip-Flop in the
Ring Counter. The Switch 1 Flip-Flop has three outputs, 'Che first gates the
Switch 2 Flip-Flop so that a trigger will set it, The second supplies 12 volts
to the common terminal of Switch 1, The 12 volts goes to the Diode Coding
Matrix through a line which depends on the switch setting, The switch setting
is encoded by the matrix and placéd on the I0DB during the fetch oyocle,

The third output of the Switch 1 Flip-Flop is OR'ed with the outputs of the
remaining switch flip~-flops (all in reset state), AND'ed with a NOT DELAYED
ADVANCE aignal, and applied to the PCB latch. setting it,

Setting of the PCB latch brings up the PROGRAM CALL line which goes
to the Examine and Fetch Cards. The Examine Card generates a BLOCK
START signal which keeps the TONE switch latoh from being initially set if
an examine or fetch cvele is in process,

When the ATU is polled during the next examine cycle, the presence of
PC CALL and EXAMINE signals at the input to the Examine Cazd canses a
PCB to be put on the Examine Bug, 1GSB, to the 1602, informing the 1500 CPU
that the ATU has a character to send.

When the 1600 CPU selects the ATU for a feteh cyele, the X-SELECT and
Y-FETCH SELECT lines to the Fetch Card are brought up, This, along with
POWER ON and PC CALL signals, causes the fetch card to place the coded
Switch 1 character on the 10DB to be sent to the 1602, The FE'TCH signal
triggers the PCB latch reset single-shat and all the Ring Counter Nip-flops.
1t s also Inverted and applied to the ADVANCE line.
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The single-shot resets the PCB latch with a 1¢ microsecond pulse, The
ADVANCE signal prevents the PCB latch from setting again by triggering a
four millisecond single-shot holding down the NOT DLYD ADV to the AND
gate, This is to permit processor time of the fetch word,

When the trigger input generated by the FETCH signal reaches the
Ring Counter flip-flops, they are all in the reset state except the Switch 1
Flip-Flop, which was set when the TONE switch was pressed,

As described above, each flip-flop is gated so that it will be reset by
a trigger input unless the previous flip-flop in sequence is in the set state.
Therefore, the trigger sets the Switch 2 Flip-Flop, rescts the Switch 1
Flip-Flop, and leaves the remaining flip-flops in the reset state, Now, only
the Switch 2 Flip-Flop is set.

Setting of the Switch 2 Flip-Flop places 12 volts on the common terminsl
of Switch 2, causing the Switch 2 position to be encoded by the Coding Matrix
and made available to the fetch card, The Switch 2 Flip-Flop also gets the
PCB latch through the SCANNER 2 line when the four-millisecond NOT DLYD
ADYV Irom the single-shot ends, This again generates & PC CALJ. signal so
that a PCR will be sent to the 1500 in the next examine cycle, indicating that
the ATU {8 ready to send another character in rerponse to a fetch cycle,

The next fetch cycle sends the Switch 2 coded position and steps the ring
counter in a similar way to position 3. Esch switch position is sent in turn
until completion of the fetch cycle for Switch 8 position. After Switch 8 is
sent, the PCB latch 18 not set because all of the Ring Countor filp-flops are
reset. Following a forced EOB, caused by the ep instruction calling for 8
characters, the 170 device routine reyuires a final program call, This is
done by setting the Scan End latch when the Switch 8 position is reached. Thiy
and the DLYD ADV signal then set the PCB latch.
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TRANSMIT CYCLE

When Bit 10 of the data word is present during a transmit oyocle, the
Patient Respousge latoh is set through the Xmit Card, lighting the PATIENT
SIGNAL indivator, The indicator remains 1it until a Bit 11 {s sent by a
Cowrsewriter ty instruotion (w charaocter), This resets the latch, turning off
the indicator,
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FOREWORD

This publication describes the Audiometer
Trainer Unit (ATU) and its operation, Also
inoluded is information on authoring in
Coursewriter for ATU use with both the 1500 18
and the 1050 System,

The physical planning considerations necessary
for operation of the ATU are covered herein,

A list of 1BM publications with which the user of
the ATU should be familiar is also included,
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INTROL/UCTION

The IBM Audiometer Trainer Unit (ATU) is a unique device which applies
Computer Assisted Instruction (CAI) to laboratory exercises or "hands-on"
training in Audiology. For this training, the student must perform practical
exercises on an audiometer, a device used to test a patient's hearing.

In learning to operate and perform hearing examinations with the audio-
meter, subjects must be available to act as patients, In audiology classes these
~ "patients' are other students of the class whose hearing is usually normal,

The ATU, operated in conjunction with a CAl program in Coursewriter
language, provides step-by-step instruction in the operation of audiometers
without the neceseity for an instructor's continual checking or testing of
performance, The CAI program is written to simulate the "patient' under
examination; therefore, the student may be presented with hearing characteristics
representing any abnormalities desired., Even audiometer malfunction can be
simulated,

DESCRIPTION

Audiometers are built by several manufacturers; the design depends on
whether the device is for use in schools as a screening device, for use in
clinics and hospitals, or for use in more specialized examinations. Out-
wardly, the ATU is representative of audiometers in general use (Figure 1).
It has dials, switches, etc., similar to those on standard American pure-tone
audiometers. Dial labeling, knob size, etc., represent the generally accepted
practice in the field.

Transition from the ATU to an actual audiometer should be no more
difficult for the student than the transition from the audiometer of one
manufacturer to that of another,

Internally, the ATU contains none of the tone-generating and control }
functions found in actual audiometers. It contains instrumentation for encoding
the switch positions as well as controls and interface circuitry to supply the
computer with these positions,
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CONFIGURATIONS

The ATU is designed to operate with either an IBM 1050 Terminal or the
IBM 1500 [nstructional System, Although the external appearance and purpose
of the unit i{s the same, the ATU contains different subchassis, different
connectors, and has a different operating sequence for each configuration,

CONTROL PANEL

The control panel of the ATU contains dials and switches which are found
on standard audiometers. Figure 2 lists the functions of all dials, switches,
and lighte,

ATU OPERATION

When the ATV is attached to either the IBM 15600 Instructional System or
the IBM 1050 Terminal, the author of a Coursewriter language program can
request input from the ATU with standard Coursewritor instructions transmitted
via standard output devices (printer, display, etc.). When a student receives
such a4 request, he sets the ATU froat panel dials and switches as instructed
and presses the TONE lever, Coded switch positions are then transferred to
the IBM 1050 Terminal or the 1500 Instructional System under control of the
Coursewriter program, Figure 3 sliows switch coding for each position of
each switch, The following subsections describe steps in the ATU operational
sequence which are peculiar to 1500 and 1050 operation,

OPERATION WITH THE IBM 1600 INSTRUCTIONAL SYSTEM

For IBM 1600 IS Cporation, the ATU is used at the student station in
place of the IBM 1518 typevrriter. Input and output to the ATU is handled
like input and output for the 151.8 typewriter. Since the ATU does not have
a keyboard, the IBM 1610 display keyboard at the student station must be
used for student sign-on, sign-off, and other required non-ATU input functions,

To accept inputs from the ATU, it is necessary for the author to change
the input device from the display keyboard to the ATU and back again, A




DIAL, SWITCH,
OR LIGHT

ON-OFF switch

POWER light

PATIENT SIGNAL light

Channel 1
SISI DB

BONE - RIGHT - LEFT

HEARING LEVEL

FREQUENCY

TONE WARBLE

FUNCTION

Controls overall operation of the
ATU. A non-operational code is
indicated to the computer when this
switch is in the OFF position,

Lights when the ON-OFF switch is
in the ON position,

Illuminates on command from the
computer to simulate a patient's

- response when the unit is connected

to the 1500 System,

A T-position rotary switch equivalent
to controls on audiometers for Short
Increment Sensitivity Index testing,

A 3-position switch equivalent to
Channel 1 output selection on standard
audiometers - encodes for the right
ear, the left ear, or bone positions,

A 25-position rotary switch equivalent
to the attenuation dial on standard
audiometers. Labeling is from -10 to
110 db in increments of 10 with indexing
every 5 db,

A 12-position rotary switch which has
11 descrete frequency positions plus a
blank position which is labeled "speech"
on some audiometers,

Corresponds to the switch on an audio-
meter which causes the tone from
Channel 1 to be varied when the switch
Is in the ON position,

Figure 2. Switch, Dlal, and Light Functions (Sheet 1 of 2)



DIAL, SWITCH, FUNCTION
OR LIGHT

TONE NORM ON-OFF Corresponds to the audiometer switch
which determines whether the tone from
Channel 1 is normally on or off, When
this switch is in the ON position, the
TONE switch turns the tone off, When
it is in the OFF position, the TONE
switch turns the tone on,

Channel 2

Note: On a standard audiometer, Channel 2 refers to the ear not
specified by the Channel 1 QUTPUT switch, when the switch is set to
RIGHT or LEFT, There is no output from Channel 2 when the switch
is set to BONE, For the ATU, each control position is encoded inda-
pendent of the position of any of the other controls,

OUTPUT A 5-position rotary switch which
indicates whether the Channel 2
output from an audiomeier i{s OFF,
MASKING, 1000 Hz, 4000 Hz, or
whether 100 Hz is being supplied
to Channel 1.

HEARING LEVEL A 21-position rotary switch which
has the same function as the Channel
1 HEARING LEVEL switch, cxcept
that labeling is from 0 to 100 db,

Figure 2. (Sheet 2 of 2)




CHARACTER ALPHANERIC 1050 1500
CHARACTER CODE CODE
SWITCH Ol23456789ABCDEFGHIJKL‘.\1N0\IGSABC 12 184AB
CS1 HEARING LEVEL (CH.2)
(DB) 0 X X X X Xx X
5 X X £ X X X XN
10 X X XXX
15 X X X X
20 X X Xx X X
25 X XX X X% XX
30 X
38 X X XX XX xXx %
40 X X x XX X
45 X X X X X
50 X X X X X X X
55 X X X X X
60 X X X XXX
65 X . X X X XX X
70 X X X XXX X XX
25 X XX XXX X XX
80 X XXX XX XX XX
85 X X XX X X
90 X X X XXX XX
9y 4 X X X XXX
. 100 X X 131 X
CS2 TONE WARBLE
X X X X X X
OFF X X $X XX XX
CS3 TONE ' .
NORM OR X x X X vx X
NORM OFF X X XX X XXX
cs4 SISI
(or) OFF X X X X § xx X
: 0 X X XX XX XX
0.5 X X XX X
1.0 X XX X $XX XX
1.5 X X Tx X X
2.0 X X X X XXX
5.0 X X X x | xxx
€SS oUTPUT
RIGHT X X XX x X
LEFT X X KX XXXX
BONE X p X X XX X
CS6 OUTFUT {CH.2)
OFF X x X X xXx X
MASKING X X XX xxxx
1000 HZ X X xxx X
4000 HZ X X X X xxx X
(CH.1) 1000 HZ X X xx X X

O

ERIC

Aruitoxt provided by Eic:



CHARACTER ALPHAMERIC 1050 1500
CHARACTER CODE CODE
SWITCH W 156789 ABCDEFGHI JXLMNO|L248ABC 124848
57 HEARING LEVEL
(18) <10 X X X X XN N
-0s X X NN X XN
0 X XX X X
5 XX X XX N XX
10 X X £X X X
15 \ XX X X X XX
20 ¥ X X X X X X
25 X X X X XX NN X
30 X X X X X X
35 X X X X X X
40 X X X X X X X
45 X X X X X
50 X X X XX X XX X
55 X XXX X XX X
60 X XX X x X X XX
65 X XXX XX XXX
70 X XXX XX X X XN
75 X XXX X X
80 X X XXX X X X
8s X X X X XX X
90 X X X X XX
95 N XX X X X X
100 N X X X X X X XX
10§ X XX X X X X
110 X XX X x X X
,8 FREQUENCY
(H2) , BLANK X XX X XX X
125 X XX X X XX
250 X XX x X
500 XX X XXX XX
750 X X XXX X
1000 X XX X XX xX
1500 X XX X X X X
2000 X XXX XXX x X
3000 X X XXX X
4000 X X X X X X
6000 X X X X X X X
8000 X X X X X

ERIC
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function (example in Appendix A) mnay be used to accomplish this, This particular
function is coded:

a
fn ch/ﬁk;

where:

a changes the response device to the ATU (typewriter)
k changes the response device to the display keyboard.

Any other specification is an error, and the student is automatically signed
off,

The input of the ATU code over the interface to the IBM 1502 is treated as
an input from the typewriter keyboard. Coursewriter language may be used
without any programming restrictions. For example, to request an ATU response,
the author would code:
ep'/"/"/'tttt'/'kk'/'i,...im'/'
where:

tttt is author time-out in tenths of seconds.

kk is the length of the character code to be accepted.
{must be leas than or equal to 8)

i, . . .19 18 response identifier (10 characters or less).

Note 1: The sixth alternate coded slash is necessary when-
ever a response i8 requested from the ATU.

Note 2: If the ATU power 18 not on when the response request
(ep) instruction is executed, the student will be signed off.

The sequence of steps in using the ATU with the 1600 system is:

1. ATU power is turned on.

2. The student input device i8 changed from 1510 display keyboard to
. ATU (substituting for 1518 typewriter).

3. Response is requested from the ATU {ep instruction).
4., The ATU switches are set and the TONE lever is pressed.

6. A character code (Figure 3) allowed by an (€) is received in
the input buffer (b0) and handled by the program cxactly as if
it had been received from the typewriter. (The character code
length was specified in the ep instruction.)




8. The TONE lever is released and the characters are received again.
This permits determination of how long the lever was held down.

7. Successive responses from the ATU may be obtained by waiting
for a response to be requested and then depressing the TONE lever.

8. Depressing the TONE lever before the response {s requested will
cause incorrect input to the computer. The student should be told
to operate the TONE lever only when he is {nstructed to do so.

9. To turn on the ATU PATIENT SIGNAL light, code:
b/ @

The alternate-coded slash character i3 required.
10. To Turn off PATIENT SIGNAL, code:

tyw/ @

Operation with the IBM 1050 System

Exact coding riepends on the instructional system used. In general, input
from the ATU is handled exactly as input from the 1050 typewriter keyboard.

1. ATU power is turned on.

2. Response is requested from the keyboard or ATU (the station is
polled). .

3. ATU switches are set and TONE lever pressed. Reader start is
pressed on the 1050 (Request is not necessary).

4.. An elght-character code followed by an EOB is received in the
input buffer and is handled by the program exactly as if it had
been received from the 1050 typewriter.

6. Text may normally be outputted to the 1050 typewriter. ‘The
patient hearing on the A TU may not be used.

8. Successive responses from the ATU may be obtained by waiting
for the station to be polled and then depressing the TONE lever.

7. Depressing the TONE lever before the station has been polled
will cause incorrect input to the computer. The student should be
told to operate the TONE lever only when he is instructed to do so.




Example:

1600 I8 10 stom

pr _ qu Set the . . .

dt 6, 3 / / / Set tbe , . €8 0,0,040,0,040,Cq

fnch/a ty The patient heard. ..

ep////8/pr18/@)
nx (@) Wa (---nn-o- )

de 0/32 Co ty The patient did not hear. ..

dt 6,3 // / You must not _ u
understand . . . .. .. un You must not understand. . .

pae

br

€8 (0,0,0,¢,8,04C,00)
ty b /

de 0/ 32

dt 6,3/ // The patient haard . . .

de 9/32 @ ‘

dt 6,3, /// The patlent did not hear. . .

pr
ds 0 / 32

dt 6,3/ // Now use the display
. ' keyboard . . . .
fn ch/ k(@) -

-
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PHYSICAL PLANNING

Dimenstons

The overall dimensions of the ATU are 21-3/4" wide by 14" high by 11-3/4"
deep, including control knobs.

150C¢ Connection

Tor use with the 1500 System, the ATU must contain the 1500 sub-chassis
(shown installed in Figure 4). The ATU I8 connected to the 1502 student station
through a 12-foot cable. A station B connector is required. Power to the ATU
i{s supplied through a separate 110-volt, 60-cycle power cord.

1050 Connectfon

For 1050 operation, a reader position feature {8 required on the 1050 ter-
minal, and the ATU must contain the 1050 sub-chassis {Figure 5§), ATU power
as well as 1050 /ATU Interface connections are supplied by a single cable,

Installation Clearance
8" is required at the rear of the ATU cabinet for cable connector
anc cable bend radius. A 4" projection of desk in front of ATU is

desirable for operator to rest hand.

11
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APPENDIX

Listing of the Function Required To Change Input
Devices {n the 1500 System

(Funotion CH)
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1D7C
1088
1EEE
1EFO
1EF2
2282
0900 00 CA4801EEE
0002 0 FO12
0003 01 4C18000E
0005 ¢ FOl0
0006 01 4C180013
0008 0 1010
0009 00 D4001EFO
. 000B 0 COOB
000C 00 4C802282
000E 0 CO009
000F 00 D4001D8B
0011 00 4C801EF2
0013 0 CO00S
0014 0 70FA
h01S 0 9226
0016 0 1200
0017 0 FS5F1
0018 0 0001
0019 0 0002
001A 0000
NO ERRORS

¢ % % % B B B » % % B » * % »

>
-3
=

ATRE3
*

ATREG
ATRES
ATRFR
CERIN
L]

CHOO0O

CHOO2
CHOO8

CHOO4

CHOO1
CHOO3
CHCOS
CHOO06
CHOO7

CH PFUNCTION

THIS FUNCTION ALLOWS THE INPUT DEVICE TO
BE CHANGED FROM KEYBOARD TO AUDIOMETER OR
FROM AUDIOMETER TO KEYBOARD

THE CALL SEQUENCE IS FN CH/L®

/ 1S AN ALTERNATE CODED SLASH

L. 1S A LETTER, GLITHER K CHANGE TO XEYBOARD
OR A CHANGE TO AUDIOMETER

@ 1S AN EOB

ANY OTHER CALL SEQUENCE IS ILLEGAL

AN ILLEGAL CALL SEQUENCE CAUSES AN
INTERPRETER ERROR EXIT WITH ERROR CODE §1

EQU /1D7C TERMINAL RECORD BASB
EQU ATRE1S TYPE INPUT DEVICE

1 1810

2 1518 OR AUDIOMETER
EQU ATRG370 PTR TO FUNCTICH{ PARAMBTERS
EQU ATR§372 FUNCTION SWITCH
EQU ATRE374 FUNCTION RETURN TO INTERP
EQU /2282 ERROR RETURN TO iNTERP
Lo ATREG6
EDR CHOO1
BSC CH002,&§- BRANCH IF CHANGE TO X3D
EOR CHOO3
BSC CHOO04,6- BR OF CHANGE TO AUDIOMTR
SLA 16
STO ATRES RESET FUNCTION SWITCH
LD CHOOS LOAD ERRCR CODE
BSC CERIN GO TO INTERP ERROR EXIT
LD CHOO06 LOAD KEYBOARD CONSTANT
STO ATRE3 STORE IN TRA
BSC ATRFR EXIT
LD CHo07? LOAD TYPEWNRITER CONSTANT
MDX CHOO8
DC /9226 X,EOB
DC /1300 K,EOB EOR A,EOB
DC /FSF1 ERROk CODE 51
DC /0001 1510
DC /0002 1518 OR AUDIOMETER
END CHOO00

15



CROSS REFERENCE INFORMATION

SYMBOL VALUE REFERENCES
ATR 1D7C 0000,0000,0000,0000,0000,0000,0000,0000
ATRE3 1D8B 000F

ATRE®6 1EEE 0000

ATRES 1EFO 0009

ATRFR 1EF2 0011

CERIN 2282 000C

CHO00 0000 001A

CHOO1 0015 0002

CHOO2 0NVE 0003

CHOO3 0016 0005

CHOO4 0013 0006

CHOOS 0017 0008

CHOO6 0018 000E

CHOO0? 0019 0013

CHOOS8 000F 0014
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Coursewrlter I1 (CAI-4036)

IEM 1600 Instructional System, System Summary (CAI-41038)

IBM 1600 Instructlonal System, System Configurator (CAL-4041)

IBM 1130 Computing System Princlples of Operation (A26-5881)

1BM 1500 Insiructlonal System, Introduction to Computer-Assisted
Instruction and System Summary (Y26-5610) (Restricted Distribution)
IBM 1600 Coursewrlter 1l Author's Guide, Part It Course Planning
(Y26-5670) (Reatricted Distribution)

IBM 1500 Coursewrlter IT Author's Guide, Part JI; Course Program
Development (Y268-5681) (Restricted Distribution)

IBM 15600 Instructional Systom. Computer-Assisted Instruction,
Student's Quide (Y26-5796) (Restricted Distribution)

IBM 1600 Instructional System, User's Guide, Station Commands
(Y26-5788) (L.estricted Distributlon)

Coursewrlter IIE for System/360, Application Desoription (Z220-1872)
(IBM Confidential)

Coursewriter 111 fo A-UX-01
e 'g O,lde (Z20-1875) (IBM Confidentlal)

Coursewriter Il for System/360 (360A-UX-017,
Author's Guide (220-1876) (IBM Conlidential)

Coursewriter III for System/360 (360A-UX-01L)
SBupervisor's Quide (220-1877) (IBM Confidential)

Coursewrlter I11 for System/36

/360 (360A-UX-011)
System Programmer's Quide (220-1878) (IBM Confidential)
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Appendix C

Example of a "Dry Run" Program

2,

dt: The device you will work with most is the Pure Tone Audiometer
simulator which you see to your right. It is similar to commercial
Pure Tone Audiometers but 1t is connected to the computer. In this
computer-assisted course you will learn its basic operation and will
use it to practice giving hearing tests. The first thing you'll get
fs a hasic introduction to the use of the audiometer panel,
If you have used an audiometer before, you can skip the introduction
(1f you can pass a test)
If you have never used an audiometer before - press the light pen here.
If you have used one to some extent and want to skip thead, - press
the 1ight pen here:

ep:

ca: (none) - #3

as: (used) - Branch Br )

un: Message C [Vight pen error - try again.)




dt: V. POWER SWITCH
Luok at the audiometer panel. As you might expect, the first thing
to do to the machine is to turn it on. The power switch is located
in the upper right-hand corner of the panel. Turn it on now, then
do the followiny:
If the 11ght next to the power switch came on, press the 1ight pen here:
If the 1ight did not come on, press the 1ight pen here:
ca: Light on -~ #6
wa: Light not on - #4
un: Light pen in undefined areas - Message C




dt: You indicated that the 1ight did not come on.
The 1ight may not be working properly, or you may have the wrong
switch. The light is Jjust under the word POWER {in the upper right-
hand corner, and the switch is just to the right of {t.
Flip the power switch up.
Tt the light still does not come on - press the 1ight pen here:
If the light does come on - press the 1ight pen here:

ep:

W Light still off - 15

ca: Light on - #6

Response not in allowable area - Message C



Apparently you are still having a problem., The switch you

should be working with is highlighted on the display screen. Try
it again,

If it works th's time, press the l1ight pen here:
If it still does not work, press the light pen here:

Slide of the audiometer panel. Highlight “on" switch.

YES - #6

NO - proctor message (machine malfunction)
Message B



2. TONE NORM ON/OFF SWITCH

dt: The TONE NORM ON/OFF switch (near the center of the panel) determines
whether a tone in the earphone is normally on, or normally off. If you
wanted the tonp to be normally on, you would set the switch to TONE
NORM ON, To hdve the tone normally off, you would set the switch at
TONE NORM ____[type the answer.)

ep

cal OFF - #7

wa: N - f62

Message B



ba

dt: You said that you would set the switch at TONE NORM ON. This would
be correct if you wanted the tone to be usually on, but to have the
tone normally off, you would have to set the switch at
TONE NORM

ep:

ca: OFF - #7
un: #6b




6b

dti The tone 1s normally off when the switch is set to
TONE NORM OFF

dt: #7




dti: Right
3. TONE SWITCH

dt: When you are giving hearing tests, you will usually have the tone
normally OFF (tone normally ON has specfal uses.) You will present
the tone to the patient by pressing down the TONE switch, located
in the lower center of the panel. In other words, when the
TONE NORM ON/OFF switch is set to TONE NORM OFF, you can turn the
tone on by pressing the switch.

ep:

ca: TONE - #8 with dtil 8

aa: INTERRUPTER - 7a

ab: T™ - 7b

Ic
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8 DTI 10034+4/20104/63344/84%E

9 DT  40+/244/40104/SECONDSs NOT THE ACCEPTABLE 2 TO 4 SEC.*E
10 0T 40¢/214/4C)0+/(PILEASE BE CAREFUL OF THIS. {Q*E

11 BR PREWIX#E

PREZ2*E
1 DE Qe/r32+%E
2 DT 0#24/24C+/409C+/ LYIOUR BASIC {CHANNEL 11 SETTINGS WERE ALL¥E
3 2 $0+/294/4L104/RIGHT Y AS WAS YOUR TONE DURATIONS BUT#E
& CT  404/24¢/4C10+/0THER SKITCHES, INCLUDING (TONE NORM ON)/4g
5 OV 404/294/4040+/(0FF)» WERE NOT TURINED GFF) AS THEY SHQULO*E
6 OT 10+/2+4/40104/HAVE 3EEN*E .

PRE~ZXEE

1 DT 16104/72016¢/40104/4/0E .
2 DT s04/24¢/6000¢/ (1)F YOU WANT TO START WITH A REVIEW OF#*E
3 DT 0¢/244/4090¢/(TONE NORY ON)/IOFF )JAND THE CTHER SPECIAL#E
& DT s04/294/6290¢/FUNCTIDHSs PRESS THE LIGHT PEN HERE =~ +0#8C.#E
5 DT 204/2.4/4010¢/4/4E

5 DT #0¢/294/6000¢/ (TIO GO THROUGH THE INTRODUCTION TO ALL*E
T 0T 10¢/25+/401C+/ELEVENTS OF THE PANEL PRESS HERE = +0O#BOs*E
8 EPP +/PREW2X#*E

9 CAP 492113437+ /CLeE

10 BR PRETONY¥E

11 CAP 492713435¢/C28E

12 B8R FR2sE

13 UN uusE

16 DY 3010+4/2430¢740304/ [PRESS THE LIGHT PEN ON A SGQUARE)s#E
18 BR RE*E

PRENZA®E

1 DE Qer32+E

2 DT 0)0¢/2404/40404/ [Y)OUR [CHANNEL )1 PANEL SETTINGS WERE®E
3 DT 404/29574090¢/CORRECTY BUT YOU MADE ERRORS IN CTHER®*E

& DT s0¢/24¢/&.40+/SETTINGS (9)THEY SHOULD HAVE BEEN OFF (D) %k
5 DT »04/244/6Cs0¢/AND IN THE DURATION CF THE TONE (9)YOU#E

6 DT p04/2++/6Ce0¢/PRESSED THE (TONE }SWITCH FOR®E

T 2T 40e/24+/4Ce0¢/SECONDSG 1T SHOULD HAVE BEEN BETWESN 2#E

8 DT sC+/204/4000+/AND & SECONDSUO) s #E

G Tl $128¢/721B4/61284/844E

10 53 DPREW2X*E

PRETQON#E

1 PR «f

2 CE 0»/32%E .
3 DT 090¢/24C+/4Ds0¢/ (TIHE {TONE NORM ON)/{CFF IJSKITCH» CIRULEDH®E
& DY a0*/24%7400C+/0N THE SLIDEs IS FOUND ON MAAY AUD[Q=*E

£ 3T aC4/244/40eCe/VETERSe (1}T DETERMIANES WHET.IER THE TYONESE
6 2T s04/244760904/15 NORYMALLY ON OR OFF IN THE EARPHONES ¢ #E
T OT  40¢/1s¢760s0¢/4/5€

8 OT  3C4/244/40004/ (1)N NIRVAL USEy THIS SwITCH IS SET TO#E
§ CT 204/24474000¢/THE (OFF JPOSITION (9)TLNE NORMALLY CFF{0} ®E
1C OT 30471447424 0%/4/%E -

11 DT 90¢/244/40004/ [(TIHI& TIVEs GIVE THE SUBJECT A TONE OF #E

12 DY 204/244/74020+#/N0RVAL DURATION IN THE RIGHT EARe 30 (DB#E
13 OT  404/21474CsC0+/AT 10CD {(HZ)o#E

16 DT 404/2+¢/402004/ (3)E SURE EVERYTHING ELSE IS OF F o #E -

15 LD (0+/53»E

16 FN  CHesANE

17 LR PRETAX¢/RAO#E

18 LR RESP2+/]R2#E

15 FN  SFe/34/C203E

20 EP 2 04/23¢/74D104/800¢/8+/PRETONS/E

2) LD COe/C21%E

22 LC 8Q0e¢/31sE

23 NX  wE

ERIC
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APPENDIX E

Technical Aspects and Problems

Computer Facilities

18M 1500 Instructional System based on an IBM 1130 computer with
32 K (16-bit word) 3.6 microsecond core memory, 5 disk packs providing
2.5 millfons words of storage, two 2415 tape drives, 1132 printer, and
1443 card read/punch. Ouring program development the number of terminals
was {ncreased from 6 to 15.

Factors Concernin §8ggd With Which the
* Display-Screen Hand Could be Rafsed
a. Requirement for reassembly of course. During on-line course
authoring, input Tnstructions are written on the disk in the next avail-
able space, efther within the course segment being authored or at the
end of 211 course s-qments. tither way, {f a change 1s made in the inte-
rior of a segment, t..e changes will bz placed on the disk some physical
distance from the original material. Ouring course execution, the
effect of this will be to increase access time to the revised section
because of read head search time. Reassembly places all {nstructions in
the proper physical order on the disk, but the process takes some time
(about two_hours for this program but it is less for shorter course
segments).! Tne effect of reassembly was assessed by measuring the time
between the start of the tone and the lowering of the hand under reas-

sembled and non-reassembled conditfons. The programing involved was,
generally, as follows:

1. Display problem

2. Read {nternal clock (C})

3. Student presses tone switch
4. Response latency stored (L)
5. Input setting tested, 1f correct, RAISE HAND
6. Branch to timing routipe

7. Read {nternal clock (¢2)

8. MWait for release of switch
9. Student releases tone switch
0. Store response latency (L2)
11, LOWER HAND

Some additional loading and testing also is Jone during this sequence,
and there are three branches, t/" of which are done via return regis-
ters. The precise coding may be seen ‘n Appendix D.

The duration measured, then, was fr.n step 3 (student presses tone
switch) through step 11 (hand lowered). If one instruction in this
sequence {s changed, this change is physically added to a different part

e

‘Durin? the summer of 1969 a new reassemdbly routine was installed
that markedly reduces the time to reasserble course segments that do not
contain an excessive nurber of labels.



of the disk resulting in increased access time of up to two seconds.
This response time increases with a larger number of changes.

Reassembly of a program segme:t aligns all instructions physically
on the disk and, depending upon the number of changes previously made,
myy markedly reduce program response time.

The implicutions of the above are the following: 1) reassembly
should always be performed prior to running subjects on course material;
2) 1f timing fs an important consideration, course segments should be
reassembled after changes prior to author evaluation; and 3) due to the
relationship between the length of a course segment anu the time needed
for its reassembly, coursc segments should be kept relatively short (less
than 160 sectors) if frequent reassemblies are to be performed.

b. Number of instructions recuired for the display. The {mportance of
the number of Tnstructions {dt"s or dEI's) was not at first recognized.
However, it was found that the processing of display instructions may be
relatively slow. The inftial instruction sets for manfpula:ing the
displayed subject consisted of thirteen instructions to raise the hand
and thirteen to lower it. Each set displayed a complete man.

The final instruction sets conuisted of five instructions for the
image with the hand down and one instruction for the raised hand. The
latter modified a portion of the hand down display b{ replacing the
'gatient‘s“ lowered right hand with a ratised hand. This image was com-
pletely replaced by the display with the Yowered hand. These displays

were necessarily more crude than those with more ins = . 5, but the
g:ln in display time was considered more important than tne beauty of
e man,

The obtained times for processing and displaying the raised hand
were measured by a stopwatch after rcassembly of the program. The time
was measuvred from the depression of the tone key to the completion of
the hand-up display. More than 20 measurements of each type of display
were made. Times for the initial set with 13 dispiay instructions
ranged from 2 to 2.5 seconds. For the final set with ona displa
instruction the range was from 1 te 1.5 seconds, a gain of a ful
second which, for this purpose, was . portant, This difference may
have been due to a variety of factors ’ncluding the following:

1. The dlsg1ay with one J.1 co .*ained fewer chaiz ters and lires
and could be placed on the vias™ buffer more ~ipidly.

£. The large number of index and reverse index instructions in
the 13 dti display may have excessively degraded processing.

¢. lmpact of others on the system. The relatively long sequence of
instructions ,Tven In section Ta* above can be used to {llustrate some

of the difficulties encountered when others use the system at the same
time as the AUDIO course. When the student depresses the tone switch,

& pulse is transmitted to the computer. It is tested and the hard {s
raised if appropriate, 1f, however, someone at another station hés the
attention of the computer at the time the switch is depressed, processing
of the pulse will not take place until processing of the other terminal
is finished. This delay may be very brief or 1t may be in the order of




several seconds, depending upon the type of processing being done. If
more than one other terminal is {n operation, this delay is compounded
due to the sequential processing of terminals.

Due to the above process, a delay {n the raising of the hard may
occur. Meanwhile, the student {s counting the time he has depressed
the switch and veleases it after two to four seconds. If the hand has
not been raised yet, the pulse sent by the release of the switch is
lost because one pulse from that terminal is already in the queue for
processing. This can also happen {f the student releases the tone
switch too quickly (after a depression of less than one second, for
example). For this reason a message telling the student his tone was
too short is displayed if the second pulse {s not received within six
seconds of the first, and the hand is lowered.

Usually, {f the other terminals were in student mode, it was found
that 1ittle interference was experfenced because processing takes place
very quickly for those students. However, interference can be encoun-
tered {f the student programs are complex, use a large number ¢f slow
functions, or contain many long branches, The major interference {s
caused by other terminals signed on in author mode. ODue to the special
{nstruction set available to asuthors, more processing time {s required
by authors than by students. Furthermore, author commands to delete,
replace, or move instructions, or call a macro may take one or more
seconds to execute, and authors will frequently execute unreassembled
course materfal which may require several seconds.

For these reasons it s best to run students at times no onc else
was on the system.

d. Effect of processing and types of coding. During the search for
maximum efficiency a number of hardware and software factors were con-
sidered, Of primary concern was the arm movement required for seeking
material on the disk. A capability was added to the 1502 station
control which allowed the monitoring of any station hy the CR1 in the
control room. While a student worked through the [  am, it was
possible to watch what occurred on the CRT while 1istening to the disk
arm movements (no one else was signed on). These arm novements are
clearly audible and can be associated with specific instructions in
the program coding. This method allowed the detection and improvement
of some unsuspected sources of inefficiency.

The type of branch vsad has an impact upon arm seeking. Apparently
a branch to a label is the most efficient; the only arm movement is to
the label, The address of the label {s stored with the branch. A branch
to a pr0 is equally efficient because the address of the last pr {s
stored in core, A branch to prn where n 1§ 1 or more requires a searcn
through all following Instructions and s less efficient. A branch to a
return register recuires reading the return register and then finding and
branching to the Yabel foundy this 1s the least efficient and Seems to
require a good deal of arm movement,

A second consfderation was the number of transfers of data to core
from the disk for processing. This system transfers 2 sectors at a time,
but {f all operatfons could not be completed within this nuwber, or {f
there are branches to other sectors, a smdll amount of added time was




required to move in the next set of 2 sectors. More important, however,
was the ceiling of 100 instructions before rescheduling. If 100 {nstruc-
tions were processed without reaching an ep, processing was rescheduled
{temporarily halted and processing of other terminals fnitiated). Pro-
cessing was continued after that of the other terminals was completed.
For these reasons, ecorcmy of coding was a necessity, but at times this
proved to be difficult with Coursewriter 11 due to the requirements of
the course.

The processing time for Coursewriter Il functions can be a factor
in efficiency. Durirg the early stages of program development few
functions were available. However, one function, DCOUNT, was used to
load the contents of a counter into a buffer for display purposes. It
was later found that this function required between one and two seconds
to execute! Fortunately, by that time, a more efficient function had
been developed which could be substituted., At some time a table of
average function execution times under normal system conditions should
be compiled, The availability of a functfon in core 1s also a factor.
If a function 1s not frequently used, §t has to be located and loaded
{nto the function area when it {s to be used, which takes some tome.

Some Coursewrfiter Il instructfons may have an unexpected impact on
other instructions. It was found that the pause {pa) instructfon causes
rescheduling, but ailows successive operations to be completed. For
this reason, & function to read the system clock (sf function) executed
at the time the pa was encountered, and was not updated after the pause.
Thus, the wrong time was stored, This created a great deal of difficulty
with the tone timing routine before the trouble was found. For similar
reasons, some f instructions also affect the timing and 1t has recently
been found that the dl and pae instructions also do so because they
cause rescheduling. It has been suggested by systems staff that these
later {nstructions cause rescheduling due to an error in coding. In the
future this condition may be cerrected.

e. Alternatives to the "patient.” As discussed in the text of this
report, 1t was necessary to provide » rapid "patient” response to the
student after he depressed the tone switch. Duve to the slow response of
the first "patient™ and while the Second man was bein? developed, other
alternatives were explored, These consisted of 1ightin, the patient
signal Yight (as if the "patient” had pressed a button), using photo-
graphs of a "patient™ on the image projector, and putting a spot of light
on the display screen. All of these could be done with very few {nstruce
tions but all had disadvantages. The image projector made & character-
fstic noise when changing images; the student might ave been trained to
suditory cues. The spot of 1ight is quite remote from normal feedback
modes used in noimal testing but was evaluated as 2 last resort, The use
of the patient signal light was an acceptahble response mode, but was not
considered as good as an overt response such as raisin? & hand., Fortu-
nately, these alternatives were not found to be significantly fastur than
the new "patient™, so they were discarded.




- Advantayes and Disadvantages
- of the imagg_ ProJector

The image projector provides an excellent capability for random
access to a large number of color images which can be used for effective
instructional displa{s. f1lustrations (types of afrcraft, photomicrographs
of microbes, or labeled photos of the Audiometer Trainer Unit), or text
to be used for answering a serfes of quastions. However, a number of
problems were encountered in the produccion of the image reel used in
this course (it should be noted that this was one of the first reels
produced for this laboratory).

The images photogyraphed included both stil11 pictures taken on a
copying stand and live pictures taken in a studio. Exposures for the
Kodachrome 11 film were determined by technical personnel at the
University photographic service. An Arriflex camera modified to take
single exgosures was used. Because of a tendency for light leaks to occur
if a single frame was in position for more than a minute, three frames
were exposed for each image. This precaution proved valuable because
light leaks were found on the finished reel as well as some unexplained
blank frames.

The original film was somewhat underexposed and of fairly high
contrast, It was velt that by overexposing the internegative slightly
the exposure would be corrected. Three generatiuns of release prints
were made because the first proved to be too dark and the second,
although lighter than the first, was still too dark to be acceptabie.
The third was as light as could be made and was marginally acceptable;
the text, audiogram, and ATU images were good but the studio photographs
of a subject wearing earphones were still slightly too dark. However,
time did not allow the rephotographing of all fmages, which would have
been required, and 1t was decided that the third release print was of
good enough quality for subject trials.

With use, 1t was found that the address track of the release prints
was slightly out of alignment which occasionally ccused image projector
errors until this condition was discovered. The problem was temporarily
solved by re-adjusting the image projector to the atignment of the film,
a process that was simplified by the fact tiat only sne image projector
was used for all program tests. However, the re-adjustment made the
terminal less useful for other courses that used image reels with
correct address tracks.

It was decided that the misalignment of the address track might
have been due to two possible reasons; torn sprocket holes on the address
kaster or slipgfge of the printing address master at the sound head of
the printer. fina) determination of cause could not be made.

A prodlem that was inftially encountered was the breaning of film
fr the image projector, sometimes within the first five uses. This
myy have been due to a defective sprocket in the fila transport or to
the rapid drying of the f{im caused by not air being blown over it. It
was found that coating new film with a sflicon preparation increased the
resistance of the film to breakage, but the cause of the problem was
referred to the San Jose office of IBN,




Evaluation of Coursewriter 11

Coursewriter 11 proved to be a reasonably effective langauge for
writing instructional materials. Its power is continually being enhanced
by the addition of new functions and improvement of old functions. For
normal instructional sequences it seems to be quite adequate, although
the number of switches, couniers, and buffers is, at times, very
Himiting. With the introduction of functions that use four buffers for
processing, a total of five buffers is not adequate. However, it is the
functions that provide the greatest flexibility in using the language;
with sufficient ingenious coding and the use of functions almost anything
can be done,

The major weakness of Coursewriter II, from the standpoint of the
audiometry course, is the limited branching capability that requires that
only one test be made at a time, a simple logical IF. This is sufficient
for many routine uses, but for complex branching decisions a long string
of logical IF's may be required. More powerful operations such as those
found in FORTRAN {the arithmetic IF, the computed GO TO, or a complete
logical IF that permits an operation other than branching if the IF is
true or which permits more than one logical statement in the logical
expression) could replace these strings.

These, combined with a capability to branch to a sequence nhumbzr
within a label (perhaps specified in a counter or a branch statement)
would greatly simplify complex branching decisions and could allow for
a more flexible course of instruction. Such capabilities woulid be
especially useful for decisions that are based on the values of more
than one counter (e.g., branch to review if counter 5 is greater than 3
and counter 6 is greater than 2, or if counter 7 is greater than 4) or
if a variety of branches are possible from one counter (e.g., branch to
brief review if counter 5 is 2, long review of counter 5 is 4, or to the
baginning if counter 5 is 6).

Improvements in the MACRO capability would simplify operations such
as were encountered in producing different audiograms. For this 1t was
necessary to use specific labels, and it was possible to use different
segments for each iteration. At present, il is necessary to use punched
cards, with changes made by inserting new cards at specific places in
the deck for each new segment. A MACRO process that accepts given labels
would greatly simplify this repetitious process.

During the coding of the audiometry course it was found that the
same sequences of instructions were used at different places. This neces-
sitated the repcated entry of these sequences. A command to copy a
specific series of instructions would greatly simplify this task in cases
where there is not sufficient repetition to warrant a MACRO or where
sequences are being tried out prior to complete implementation. Such a
capability could be developed to be analogous to the MOVE command.



Problems With the ATU
""and Thelr Solution

For a first-generation device of its complexity, the Audiometer
Trainer Unit worked very well. However, as a result of experience
gained from writing the course, it was found that two modifications of
the ATU were needed after delivery. A signal upon release of the tone
switch and program control of the patient signal 1ight were added. The
latter caused some difficulty because of the need for sending a signal
to the 1ight, Thi< signal had to be added to other system signals to
the ATU that were appropriate feedback to a typewriter terminal.

One hardware error, which resulted in erroneous position codes
being transmitted to the computer, proved to be extremely difficult
to corract. It was traced to the switch used for giving tones, a
one-pole, two-position slide-type switch designed for silent operation.
Occasionally during depression the switch hlade vibrated against the
contacts and caused more than one signal to be placed on the ring
counter. This usually ANCed the binary codes and produced a character-
tstic error. The pvoblem was solved by reducing the acceptance
interval for the scan cycle so that vibrations would be excluded.

The tone switch was also the source of an added difficulty; the
reset spring broke twice during the project. The second break occurred
Just before the last two students but it was impossible to have it
repaired immediately. Consequently, the last twp subjects operated the
panel by manually pressing and 11fting up the tone switch. Although
this caused some system errors, the students were able to complete the
course successfully. It has not been possible to determine precisely
why the springs broke, but a bent metal stop, which 1imits downward
movement of the switch, indicates that someone may have pushed down
too hard,; probably someone who was not taking the course and was just
playing with the ATU. One solution to the problem of people fiddling
with the panel would be to fit it with a cover.

Use of the ATU With
a 1050 System

“he Audiometer Trainer Unit is designed tc operate with a 1050 Data
Conmunication System (see Appendix-A) but. programing was not done for
that system. The Coursewriter II programing designed for the 1500 system
would require extensive rewriting and translation into Coursewriter I to
adapt 1t for the 1050 system. Instruction in audiometry with the ATU is
feasible with this latter system but would lose soma of the advantages of
the 1500 system due to the composition of the 1050 terminal (slide
projector, typewriter, and audio unit). The "patient" would have to be
placed on slides or the patient signal displayed by the patient signal
light, both of which are considered less effective than the “patient" on
the display screen (see Ap?endix E, 2e for a.further discussion?. Most
text would have to be displayed by the slow typewriter or by slides,
which would require more than one slide tray (each tray contains 80
slides). The review sections would have to be modified to use a question
format, considered less effective than the programed format used in the
present text. The display of tone durations would be less effective if




they had to be typed and the student had to look over at a typewriter.
The running tally of responses would be difficult to maintain if it could
be interrupted by error messages.

However, the 1050 system has the advantage of being able to :_ used
anywhere; the terminal is connected to the computer by voice grade tele-
phene lines. Consequently the advantage of portability might outweigh
the disadvantages of the terminal, and the loss of effectiveness might
be minimized by a complete revision to use audio messages extensively.
Sich a revision would probably require a year to complete if done by
a very small staff. However, a large staff working on several sections
at once could probably complete the revision: in only a few months.
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APPENDIX F

Detailed Course Outline

Introduction co use of compute~ terminal
Introduction to course

Optivnal gating test of abitity to set panel and give tone;
contiruation optious contingent upon perfoimance; permits
student to skip Unit 1

Turning on audiometer
Use of tone switch

1. Optional practice in giving tones of specitied length
Use and manipulation of Channel 1 Output

Use and manipulation of Channel 1 Hearing Levl; practice with
both

Use and manipulatior ¢~ Frequency; p.ictice with all
Use of Tnne Norm
Use of S1SI

Use of Channe)l 2; practice setting of Channel 2 components wich
Channel 1 components; self-practice with a Beltone 10-D portable
audiometer

Practice setting panel

Feedback on tone deviation performance; practice in giving tones
provided if less than 80% correct

Feedback on panel setting performance-options for continuing
with further practice, review of selected topics, or going to
next unit

Practice with settings, with final summary feedback
Index for selecting tupics for review
Review items; paragraphs reiterating all topics presented

Series of images with right and wrong placement of earphones;
iubjectkdetermines if correct; choice folloved by descriptive
eedbac

Preparing the subject Yor testing
Option of vocabulary review



D. Directed step-by-step practice in giving hearing tests. All
frequencies right ear. ODuring each frequency, S predicts
whether another pass is needed and determines the final thresh-
old. He then plots (with 1ight pen) the point on an audiogram
projected on the display screen.

E. For the last three frequencies, students are initially asi:d to
observe carefully the sequence of intensity levels, then to
guess the next one, and finally to type in the’v predictions.

F. Feedback vver this unit is provided concerining panel setting
errces and tene durations. Practice in tone duration is given
if performance was less than 80X, and review of topics is made
available 1f desired.

G. Review of the first descending pass procedure using constructed
responses

H. Same type of review vith ascending pass
¥, Same with last aescending pass
J. Same with frejuency series

NOTE: At the erd of H, I, and J the subject is given the opportunity to
repeat any of these review sections.

Unit 111
A. Introduction to acceptable pause interval

8. Test of left eir with no guidance; corrective feedback provided
in the event of following errors:

1. S descends after 2 No responses

2. S ascends aftar 2 Yes responses

3. S repeats same level

4, S descends after starting below threshold
5. S attempts to use more than 3 passes

C. Feedback concerning correctness <f procedure and duration of
tones and pauses

D. Entry of obtained thresholds and feedback.

L

Unit IV

Various audiograms for practice. A brief description of patient
history and patient characteristics is given, then student tests with no
guidance. However, errors are counted.
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APPENDIX G

Oral Postprogram Questionnaire

Do you like this method of learning?

Was the speed of the program too fast, too slow, or about right?
Was the speed of the testing procedure and the patient response too
fast, too slow, or about right?

Was the program too difficult or easy or about right? How about
the vocabulary?

Compare this method with the course work and practice you have had
in audiometry - is it good, better, or worse? WHas the patient
response about the same as you have experienced?

Would you recommend this as practice rather than humans, before
testing humans, or after testing people?

Was there enough variety in the thresholds and procedures?

Does the program teach anything wrong?

Did you like (or would you like) the pause duration and the tone
duration in the last part?

How do you like the audiometer panel?

Do you have any added comments on the program or cn CAI?
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APPENDIX H
Samples of Complete Unit 3 Audiograms

Following are complete records of the performance of seven students
on the threshold finding task in Unit 3, These were selected as being
representative of the records obtained. The intensities are sequencéd
under the frequencies tested, and the frequencies are sequenced in the
order tested. Descending and ascending passes are ‘ndicated by arrows
( + indicating descending, t is ascending)., The lowest intensity for
each pass at which a "natient" response was obtained is underlined (on
some passes no level is underlined because a response was not obtained).
The fina) threshold determined by the student for each frequency is
given just to the right of the frequency. Basic data for each student
1s included on each record.

To allow comparison, a correct procedure for testing all frequencies
is given first. This pracedure exactly represents the principles taught
1n the course. The lowest "patient" responses for each pass that were
built in to the program are indicated on this record, as are the correct
thresholds.




ol- & G-

o . G- 0 0

ol- oL- + oOl- 0 S S

G- &+ oL S- G- G- S 01 ot

0 - G- 0 0 0 ot St

S 0 0 S S Gl 02

Gl oL Gl 61 G2 0

62 02 62 52 5¢ ot

+ 4 + + + +

qQp G- :2H G2t QP Ol- :2ZH 062 QP G- :2H 00S

oL-

g ¢+ G-
‘ 0¢ ol 0 o0 [/
¥ 89 - ge st 5 § S
9L OL of : 02 + S 01 ot ol
8L SI G + Of 2 oL ol Gt SISt
08 08 - + 05 S€ SE 0c gl St 0z 02
06 QL 09 0Ov Ob o 02 G2 0 (1
0oL 08 , oL 0S 05 &2 St ot op
+ + + + + + +
QP S. :ZH 0008 qQp Ob :ZH 000% qp 02 :ZH 0002 Qp 6 :ZH 000L

ISMOL]0J SP 9q PLNOM € 1Lun 403
weaborpne 3yl HuLuLelIqo J0J 4NPadoud 132400 PIPUBMOIAUL Y




> £+ Ot- oLt-
— S- S G- G- G- s~ S 01~
G- 0 0 0 0 o0 0o 6§
0 S S S S S 0
S ot oL or oL 0Ot
Gt Gt S5t ST St st
174 0c (174 02 174
0t ot 74 0ot
(¢4 ot + 4
4 + + 4
qQpP G- :ZH G2l qpP 01- :2H 062 Q> S :ZH 005
o 3 S-
4 ¢ 0 o0 o
oY S o S 0 & S
+ S9 ot 8 & o S 0. Ol
9 oL 99 s 02 02 0 0Oz oL St st
S¢. 08 cot + 0Nf ot G2 6t Of (474 02
¢8 06 0ot 0E oY Of St ot 174 ot
00t Otl 0s O oY *
oot 4 4 + 4 + 4
4
QP S/ :ZH 0008 QP S :ZH 000t QP SL  :ZH 0002 4P 0 :2K 000t

£2  INUEY SDUDMICILA .mm.. tyumy ¥y 2%an0) ASopolrny up JuIpmS  1pumcabyoeg

£X Tjuspms

Aruitoxt provided by Eic:

E



+ +
5= ol ¢ JARN
— b s 06 Of
S- 6 0 o001 0%
- 0 S St
oL 0 ot 0s
St St 09 09
02 o2 oL 09 02
paIImQ ot ot 08 09 ot
oy ot 05 oL oy
4 4 + 4 08 ¢+
{ap 6-) :zH s2t QP G- :-ZH 0S2Z QP S~ :ZH 00S QP 0L -ZH 0008
+
74 R + G- G-
62 + o o0 & 0 Q. [\
ot oL s s S 9O S S g
3 St st ot or ot § ot o1 oL
+ o 0y 02 02 02 4§11 St 0z Ot o1 st Gt
6 O0r St Of 62 S2 02 0z o 02 oz oz oz
1 0s Of 0Of Of Of 6 oy Of ot ot ot
ot o O Ob ov ov oY or
% + + o5 ¢+ * + + *
(pazeadau) __(payeadad)
9p 02 :Zh 000% QP St -2H 0002 QP 0 -2H 000L ZH 0002 ZH 000}
ie  THUTy SSuTmas;uSg 51 SuUy oY <0ySTo)  spuncuSiyceg

g wWPN3IS




__ 91- __ ot - — ot otL-
S & S g oI- S & S-
0 0 0 0 S- 0 0 0
S s S S
oL oL
St St
02 02
ot ot
oY oy
4+ 4 4 4+
QP S - :°ZH G2l qp OL- :7H 062 q o1~
+
ot
St
0§
S5 + 0
09 s S
9 + + 1L s1 Ot ot
‘ N Sz Sz o2 2 02 Sl st
oL o S o 0t 0° 62 . s S 02
S. SL SL St S€ s Of ot ot
038 08 Of oy O oy oy
4 s8 4+ 4 + 4 4 4
QP SL :ZH 0008 QP OF :2H 00OY qp 02 :2H 0002

€1 :juey IdDuLML0349d €L Uty ¥Y asany :puncabyoeg

6X -3uapnis

pgpeor




S- &+ Ot ot- —_ ¢ o

0 S~ S~ S~ of- & 6

S 0 0 0 5- g 0

S S 5 0 S S

S ot ot S oL ot

ol st 1 ot 7§

St (174 (174 11 74

174 0t Of b4 Ot

ot ot 119 SE e 4

+ + 4 + +

QP G- :-2ZH G2t qP OL- =<ZH 082 P S -ZH 00S
& ¢+ s
0 o o
§ S S
¥ o ¢ + ot 6t oL o1
+ + S s€ b 1 § st St st
o S9 o o 0 OfF S2 0z 02 (474 02
SL SL QL St o O0f Ot ot ot
+ 08 1] oy oy oY oy
Gq9 4 4 4 <+

4

GP £ <ZH 0008 qP O -ZH 000Y QP 02 -ZH 0002 qp Ol <ZH 0001

€ upy 3IdURLLIOSLId g1 Ly ¥y BuLaedy pue ydIIAS “JUIPMIS prL9 :punoabyoeg

piX :3uspmsS




ot- o1- & o1- & or- ¢+ Q0i-
o1- & &= G- G- &~ & & &=
S~ S0 0 o0 0 0 o
6- S S s S
4 0 ot ot + ol
0 St st St
0 0z oz
ot ot ot
oY : ot ot
+ ¢ 4 4
P G- :-ZH S2l qp Ol- :ZH 0SZ QP Ol- :>ZH 00S
+
s 0
+ .ml 0
ot-6- O1- Ot S
S S5 S s
+ Q S o S
¥ §1 o1 0 0 S ot
oY 0z St ot oL St
0S v+ oz 02 + St 02
+ 09 sz 02 e oz 0t
SL oo WU 0c 0 Of ot S2 Ot or
08. S/, 08 G¢ Gt Of 0y St oY oy
+ + + ¢ + +
QP S/ :ZH 00C8 QP G€ -ZH 000V QP 0Z :ZH 0002 QP S :2H 000t

.m.n IjuRy IoUPmI03I9d 21 uey ¥y 3sano) Abogorpny pajaidwo) :>puncuabyoeg

SIX s3uepms




'y
4

- ot o1-
—_ S~ 6 & 6§
G- S ot- —_— 0o o O
S S- 9 S oL- s S S
0 0 0 G- S- oL 91
S S 0 0 4 St
0t ot ot S oz
+ St ot Se
0e 0e ot
0t ot oy
4 * )
qQ §- :ZH G2l qP 01~ -ZH OS2 qP S- ZH 00S
¥
ot
St + + G~
05 <€ 3 + c 0O
SS o ot 61 S 0 s ¢
09 SE S S ot ] ol ot
59 ot oL -1 G ] § St 0z
0L 0/ st 0s 0Z 0c 02 (174 Ot
S O 09 ot 0ot ot
* ) + % ) +
9p SL :ZH 0008 9P Ot :ZH 000% QP 02 :ZH 0002 P S :ZH 000L

1 uey 3duema03aad G"9 JURY ¥y  ISANN :puncubyoeg

81X -3udpmyc

Aruitoxt provided by Eic:

E



“ZH 000% Sui33wo jo 3nsau @ yuey Mo
»

+ 01-
_5 s
o9 s
6~ g S
0 0 o
S St
o1 02
St S
2 ot
¢ St
ob
St
* 0$
5
4 0L- & 09
5~ §- S- Ot- 9
0 0 0 g- oL
S 0 Y
5t S 08
174 . 41 06
sz 2 001
+ 4 4
P o0 24 621 qP S- 24 QG2 qp G- <ZH 00§
+
oL s9
¥ S9SL of 4 + + ¢ -
Q 0L 08 SL 09 op - ¢ 9
SL </ oe 05 o0 3 S s
08 08 0s 02 &t oL _ ot 0L
06 06 05 pa31mp 52 sz SL S 02
001 091 st ot
+ 4 4 4 4 4
P SZ  2H 0008 9P SZ ZH 000D QP 02 ZH 0002 P S :ZH 0oL

x22 yuey Iduemu0zaag L *Uey Jy  J0stasadng Sutaeay pue Yd33ds :punoaSydeq
§2X :3ulapms




