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ABSTRACT

An investigation was made of the value of the Purdue
Modi fied Massachusetts Hearing Test and the Western El ec-
tric 4-C Test when conpared with the individual pure tone
screening test. The Purdue Modified Massachusetts Heari ng
Test equi pnent consisted of a set of 40 Maico receivers,
manuf actured for use with the Massachusetts Hearing Test,
coupled to a Maico D9 audioneter. The test was conposed
of the frequencies 256, 512, 1024, 2048, 2896, and 4096 at
a testing level equivalent to 15 db, so judged by | oudness
bal anci ng, plus an attenuator increase of 5 db. The Wes-
tern Electric 4-C Test equi pnent consisted of a hand-
wound, spring-driven turntable and a nmagnetic reproducer
connected to 40 receivers. Colunbia Record KS 10087, a
two-si ded recording of a woman's voice reciting colums of

two digit nunbers, was used wth the 4-C equi pnent.

Three hundred and fifty-two students, enrolled in
grades three through 12 in a school in Tippecanoe County,
| ndi ana, were tested with the Purdue Mdified Massachusetts
Hearing Test, the individual pure tone test, the Western
El ectric 4-C Test, and a second adm nistration of the Pur-
due Modified Massachusetts Hearing Test. Two nethods of
scoring were used with the Purdue Modified Massachusetts
Hearing Test, and three nethods were used to score the

Western Electric 4-C Test. A chi-square test was used to



determne significant differences between the two group

hearing tests, scored with the various nethods.

The Purdue Mdified Massachusetts Hearing Test, scored

with the Johnston nmethod, correctly classified 93.5 per

cent of the students and discovered 90.5 per cent of the

students who had hearing inpairnments. No single nethod of

scoring the Western Electric 4-C Test was able to match

this performance at the five per cent l|level of significance.



A COVPARATI VE ANALYSI S OF GROUP
AND | NDI VI DUAL HEARI NG TEST RESULTS

| NTRODUCT! ON

An estimated thirty-four mllion students were en-
rolled in all schools throughout the country in 1953. A
consi derabl e nunber of these students probably have hear-
ing | osses. A question exists about the best nethod of
detecting these |l osses. The estimated incidence of hear-
ing defects that would be found within this popul ation
varies fromthree to 20 per cent, depending upon the test-
ing nethod and criterion used. For instance, Rodin (19),
using the Western Electric 4-A phonograph audi oneter in
San Francisco, tested 36,191 school children between the
ages of nine and 16. On the first test he found 17.7 per
cent had significant hearing | osses, at |east nine sensa-
tion units, in one or both ears. Upon retest, this figure
was reduced to 9.5 per cent. Peterson (17) tested 3,393
school children in Indiana with an individual pure tone
screening techni que. Seven octaves, beginning at 128 cps,
were used at a signal level of 20 db. A failure on two or
nore frequencies in the sane ear constituted a failure on
the test. On the first screening, 21.75 per cent failed.
Upon retest, 8.7 per cent failed. Sullivan (22) tested
25,708 elenentary school children in the Mnneapolis Public

Schools with individual pure tone tests. Wth a threshold



of 15 db for one or nore frequencies considered a hearing
| oss, the percentage of children with an inpairnent ranged
from1l7.5 to 20.5. However, the noat w dely accepted
figure for the percentage of children afflicted with de-
ficient hearing is derived froma report of the Conmttee

on Hard of Hearing Children of the Anerican Hearing Society

prepared by its Chairman, Dr. Warren H Gardner (9). 1In
this report the estimte was given as four per cent. Spilka
and Steer (20), in their statistical survey on the incidence

of speech and hearing deficiency in the general population
and school population of the United States, estimated that
in 1951, there was a total of 1,324,840 hearing defectives

in all the schools in the United States.

Because of the large nunmber of persons with hearing
| osses, increasing attention is being directed toward the
devel opnent of group hearing tests by neans of which it
Wl be possible to screen effectively large groups. It
is axiomatic that the nost desirable procedure for testing
the hearing of large groups is to use a nethod which re-
quires a mni num expenditure of tinme and which results in
separating those with an inpairnment of hearing at any fre-
guency fromthose with essentially normal hearing. It
seens, therefore, that the need specifies a reliable and
valid pure tone hearing test applicable to group adm nis-

tration.



H story of G oup Hearing Testing Devices

The need for a quick and accurate neasurenent of
hearing has been recognized for many years. In 1926 and
in the years follow ng, the Western Electric Corporation
mar keted the 4-A, 4-B, and the 4-C group phonograph speech
audi oneters. From 10 to 40 earphones in conpartnented
trays were carried from school to school. In the 4-A
audi oneter the earphones were connected to the phonographic
reproducer, consisting of a hand-wound, spring-driven notor
and turntable and a nagnetic reproduci ng head. There was
no power supply since the magnetic phonograph pick-up gen-
erated its own power fromthe revolving record. The |ater
4-B and 4-C nodels were available with either spring-driven

or electrically-operated turntables.

The records used with these audi oneters consisted of
two-sided pressings of two or three digit nunmbers. These
wer e pronounced as single digits: 4-2-5 (four-two-five).
Each set of digits was attenuated by three db, so that the
first and | oudest began at 30 db above normal threshold
and the |last set ended three db bel ow threshold. The sub-
jects responded by witing the nunbers on specially pre-
pared test blanks as they were heard. N ne sensation units

was generally used as a criterion for failing (8,19, 23).

Newhart and Reger (16) have described a standard

procedure for testing hearing in the public schools with



the Western Electric 4-C group phonograph speech audi oneter.
The procedure consists of four steps: (1) the group phono-
graph speech audionetric test is given to all children who
are to be tested; (2) those who fail the initial test are
retested with the group phonograph speech audioneter; (3)

t hose who show defective hearing on the second group test
are given an individual screening test with a pure tone

audi oneter; and (4) those who have significant hearing im
pairment (a loss in excess of 15 db for two or nore fre-
guencies in either ear) are given individual threshold

acuity tests on a pure tone audi oneter.

There are several objections to this type of group
hearing testing: 1. it is tinme-consunmng; 2. high frequency
| osses frequently are not detected; (15,16); 3. tonal gaps
in the speech range are not always discovered (4); 4. sud-
den noises interfere (12); 5. the test is rigidly struc-
tured; and 6. it is unsuitable for children who are unable

to wite dictated nunmbers (15).

In an attenpt to detect the presence of nedically sig-
ni ficant high frequency | osses which are not reveal ed by
t he phonograph speech test met hod, the individual discrete
frequency screening test was brought into use in 1938 (23).
The testing is usually conducted at 15 or 20 db. Ten to
30 children can be tested per hour, depending upon the age

of the children and the conditions of the test. However ,



this test is also tinme-consunming, and errors are caused

by operator fatigue 117).

The Bel |l Tel ephone Laboratories (21) in their exhibits
at the New York and San Francisco Wrld's Fairs in 1939
and 1940 tested the hearing of 550,000 people with a group
pure tone test. The test was a progressively attenuated
recording of series of one, two, or three short bursts of
tone. The ranee covered 62 db for the frequencies 440, 880,
| 760, and 3520, and 48 db for the frequency 7040. The
testing was conducted in seven sound-treated booths with
the signal comng through a tel ephone receiver held to the
ear. A recorded group pure tone test, simlar in nature,
was used by West and his associates in conducting the W s-

consin Hearing Survey in 1939 through 1941 (5).

The objections to recorded pure tone hearing tests are
the presence of surface noises, the difficulty of reproduc-
ing high frequencies satisfactorily, and lack of flexibil-

ity in the testing routine (13).

A group pure tone test using a pure tone audi oneter
as the sound source was developed in 1945 for use at the
U. S. Naval Subnarine Base, New London, Connecticut. This
test is described by Harris (10). The equipnent, a Wstern
El ectric 6B audi oneter and 12 ANBH 1 phones, was calibrated
inthe followi ng manner: (a) a nornal-hearing subject was

gi ven several individual tests with a 705A cali brated phone



and the 6B audi oneter; (b) nmean threshol ds were obtained
from these audiograns for each frequency octave from 256
to #192 inclusive; (c) the sane subject was given an audi o-
metric test using each phone of the group audioneter; (d)
the nmean threshold of the 12 phones for each frequency was
then corrected for any deviation from zero threshold on

t he 705A phone and used as the zero point for that frequen-

cy on the group audioneter.

A test-retest reliability check yielded | ess than a
1.5 db difference between individual exam nation and the
groun test with equival ent phones. Fromthis, Harris con-
cluded that the group procedure was as reliable as the
usual individual pure tone audionetric test. However,
when the group retest phone was chosen at random the sig-
ni ficance of the difference between individual and group
procedures was increased. Changi ng phones for a group re-

test lowered reliability by a small but significant anount.

The validity of a group audi ogram was ascertai ned by
conmparing a subject's threshol ds obtained by the group test
with his thresholds obtained by a careful individual pure
tone test. The small differences between nean | oss as well
as the correspondence of the standard deviations were indic-
ative to Harris that there was no strong tendency for group

averages to differ fromindividual averages.

In 1947 Newby (13) reported the results of hearing



testing inthe lowa Cty Public Schools with a group pure
tone test devised by Reger and Newby (18). A notor-driven,
mechani cal | y-operated tone interrupter device, which nmade
possi bl e the presentation of the sane sound stinulus pat-
terns, one, two, three, or four spurts of tone, every tine
the test was adm nistered, was coupled to a pure tone audi o-
nmet er having 40 bal anced earphones. The frequencies 256,
1024, 2048, and 4096 cps were presented to the subjects at

t he successively decreasing intensity levels of 40, 30, 20,

15, 10, and five db.

After admnistering this test to 188 ears in the third
t hrough ei ghth grades, Newby reported that the validity of
the test, determned by conparing it with individual
threshold tests obtained on the sane subjects, was such
that a difference of 15 db or |ess was found between the
two tests for 94 per cent of the ears, a difference of 10
db or less for 89 per cent, and a difference of five db or

| ess for 80 per cent of the total ears.

A test-retest neasure of reliability resulted in 89
per cent of 840 ears showi ng differences between group test
and group retest of five db or less and 96 per cent of the
total ears showi ng discrepancies of 10 db or less. Wth a
criterion for a significant hearing loss of 20 db for two
or nore frequencies or 30 db for one frequency, Newby

m ssed 5.3 per cent of the pupils with true hearing | osses



and needlessly retested 11.2 per cent. Newby concl uded
that this test was not only satisfactorily valid and re-

|iable, but efficient as well.

In 1948 a group pure tone test using a different

nmet hod of presenting the stimulus was reported by Johnston
(12). Instead of counting spurts of tone, the subjects
signal ed presence or absence of tone by underlining "yes"
or "no" on the answer sheet. A pure tone audioneter with
Western Electric phones was used in this test, whichis
call ed the "Massachusetts Hearing Test." However, "the
term ' Massachusetts Hearing Test' refers to a particular
nmet hodol ogy whi ch stresses prescribed forns of scoring,
signal presentation, and calibration rather than unique

conbi nati ons of equi pnent conponents (12)."

This test was designed to screen 40 children sinul-
t aneously, using the frequencies and intensities listed
in Table 1. Later the frequency 1024 was di scarded, and
only the three frequencies 512, 2048, and 11, 584 were used
in testing. The systemwas calibrated with the | oudness
bal ance techni que, by having five normal hearing adults
match signals in one of the group receivers to signals in
a calibrated receiver. The tone interrupter control was
used manually by the tester. The signal or non-signal
interval was not critical, but, according to Johnston,

shoul d have been a total mnimum | ength of three seconds.



Table 1. Signal levels used in the Massachusetts Hearing

Test of Johnston.

. Frequency Single | evel (db)
(ref. zero threshol d)

512 20

1024 25

2043 25

11534 30
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The test was flexible in that signals could be repeated an
i ndefinite nunber or tines, or the test could be del ayed

i f sudden, extraneous noise should occur. In order to
facilitate grading, the children were instructed to sum

t he nunber of negative responses in each colum (Appendix
A) and nmeke the entry at the bottomof the colum. All
test papers which were in error by two negative responses
or less per ear were considered satisfactory and, conse-
gquently, discarded. Children who failed were |ater retested
wth the group pure tone test. Children failing the group
retest were given an individual pure tone test prior to
referral to an otologist. Using these scoring nethods, it
was reported that a group of 40 children could be tested

and all papers graded in approximately 17 m nutes.

Johnst on denonstrated, by sequential analysis, that
the group pure tone test was superior to the phonograph
speech test. He stated also that the Massachusetts Hear -
ing Test had these advantages over the pul setone technique:
(a) lowered cost; (b) the mnimzing of intelligence fac-
tors; (c) superiority in scoring speed; and (d) flexibility

of operation.

Becker (2) in 1951 and DiCarlo and Gardner (6) in
1953 nodified the Massachusetts Hearing Test and adapted
it for a university testing program In this nodified test,

the final attenuator settings were calculated by testing
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Table 2. Signal |evels used in the Mdified Massachusetts

Hearing Test of Dicarlo and Gardner.

Signal Level (db)

frequency (ref.  zero threshold)
500 15
1000 15
2000 15

8000 15
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ei ght normal hearing subjects with the group equi pnent to
obtain threshold values for the frequencies 500, 1000,
2000, and 8000. These thresholds were noted, and the sig-

nal |evel was increased 15 db for screening purposes.

A conparison of results between group and individual
tests on 630 ears revealed that 2.8 per cent had | osses
that were not detected by the group test and 6.0 per cent
did not have | osses but woul d have been needl essly retested.
Di Carl o and Gardner were satisfied that the Massachusetts
Hearing;, Test, as nodified, provided a very efficient tool

for testing: the hearing of university students.

Statement of the Problem

This study was undertaken to investigate the val ue of
two group hearing tests when used with elenentary and sec-
ondary school children. The research was directed toward
answering the follow ng questions:

1. What is the efficiency of the Purdue Modified Mas-
sachusetts Hearing Test when conpared with the individual
pure tone test?

2. What is an acceptable level for testing with the
Purdue Modi fied Massachusetts Hearing Test?

3. What is an acceptable nethod of scoring the Purdue
Modi fi ed Massachusetts Hearing Test?

4. What is the validity of the Purdue Modified Massa-

chusetts Hearing Test when conpared with the individual
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pure tone test?

5. What is the test-retest reliability of the Purdue
Modi fi ed Massachusetts Hearing Test?

6. Wiat is the efficiency of the Western Electric 4-C
Test when conpared with the individual pure tone test?

7. What is an acceptable nethod of scoring the Wes-
tern Electric 4-C Test?

8. What is the validity of the Western Electric 4-C
when conpared with the individual pure tone test?

9. Is the Purdue Modified Massachusetts Hearing Test
a significantly better screening instrunment than the Wes-

tern Electric 4-C Test?
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| NSTRUVENTATI ON

This research was conducted to determ ne the val ue of
two group hearing tests, the Western Electric 4-C Test and
a nodi fication of the Massachusetts Hearing Test. The Wes-
tern Electric 4-C Test equi pnent was not measured and de-
scribed in detail because phonograph speech audi oneters
have beconme | ess and | ess popular with workers in the field
of hearing testing. Between the school years 1944-1945 and
1947-1943 there was reported a gain of 22 per cent for
phonograph speech audi oneters owned by school systens, pub-
lic health centers, etc., which Gardner (9) states is not
so nmuch a gain in purchase as it is in recording the nunber
of instrunents in the field, since over 1500 have been re-
ported sold. There was a gain of over 600 per cent in pure
tone audionmeter registration. The trend in testing the
heari ng of school children, as indicated above, is toward

the use of pure tone audi oneters.

Since the Massachusetts Hearing Test had al ready been
nodi fied by Becker (2) and D Carlo and Gardner (6),the
Massachusetts Hearing Test as nodified by the experinenter
was called the Purdue Modified Massachusetts Hearing Test.
The Purdue Modified Massachusetts Hearing Test was designed
to include the seven frequencies 256, 512, 1024, 2048, 2896,
4096, and 8192. Seven frequencies were used in this test

instead of the three or four frequencies generally used in
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a group pure tone test for the purpose of obtaining as close
correspondence to the individual pure tone screening test

as possible. The frequency 2896 was used so that there
woul d be no |arge gap between the frequencies usually

t hought to represent the speech range.

A set of 40 phones, with adaptor, manufactured by the
Mai co Corporation for use wth the Massachusetts Hearing
Test, was used in this study 1 . The group phones were
coupled to a Maico D9 audioneter that net the specifica-

tions of the Anerican Medi cal Associ ation.

Measurenment of Receivers

The experinmenter nmeasured the receivers with respect
to distortion, linearity, and intensity to determ ne the
characteristics of the receivers. Such a description of
equi prent makes possi bl e conparisons with equi pnent used
in other research. The Hew ett-Packard Harnonic Wave Ana-
lyzer, WNModel 300A; the Audi o Devel opnent Conpany Artificial
Bar, Model D5153 with power supply; the Ballantine Labora-
tories Electronic Voltneter, Mdel 300; and the Dunont
Cat hode- Ray Gscil | ograph, Type 208-B were used to obtain
t hese neasurenments. The equi pnent, indicated schematically

in the block diagram Figure 1, was unnodified and conforned

These phones were | oaned by the Maico Corporation to the
Pur due Speech and Hearing dinic for use in this research
i nvesti gati on.
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to the manufacturers specifications. The junction box was
specially constructed for this research so that the output
of the audioneter could be switched fromthe calibrated re-
ceiver to the set of group receivers w thout changing the
phone plugs. The adaptor nmade it possible for the |eads
fromthe four trays of phones to be consolidated into one

| ead whi ch was connected to the junction box. The output
of the artificial ear was connected to the harnonic wave
anal yzer, the voltnmeter, and the oscilloscope. The oscillo-
scope was included in the circuit to note the pattern of
the wave with different types and degrees of distortion.

Al 40 phones were nunbered so that data could be conpil ed
for each individual phone. The battery power supply for
the artificial ear was tested regularly during the experi-
mentation to maintain the manufacturer's specifications.
The phones were placed upon the artificial ear in the same
manner, as nearly as possible, each tinme. The standard

wei ght, 600 grans, was then placed on top of the phone.

The equi pnent was set up in a quiet room eight by 10 feet,
in which the noise |evel was approximately 32 db, as nea-

sured by the General Radio Sound Level Meter, Type 759-B.

Distortion. To fall within the specifications of the Anmeri-
can Medi cal Association, tonal purity nust be such that all
harnmoni cs and overtones are at least 25 db lower in inten-

sity than the fundanental or test tone.
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Ten of the 40 earphones, selected at random were
tested for tonal purity with the harnonic wave anal yzer.
This instrument is a frequency-selective, w de-range volt-
nmet er whose selectivity is variable. The selectivity of
the instrument is controlled by the Half Band Wdth Control
which is graduated from 30 to 145 cps. The selectivity
characteristic of the instrument is such that all frequen-
cies beyond the frequency separation fromthe center fre-
guency, represented by the Half Band W dth, are attenuated
by 40 db (99 per cent). Since this study was concerned
with center frequencies only, the narrowest band wi dth,

30 cps, was used. The instrunent attenuated by 99 per cent
all frequencies 30 cps bel ow and above the particular fre-

guency the experinenter was testing.

The attenuator of the audioneter was set at 80 db for
each of the seven frequenci es whose harnonic content was
bei ng neasured. Each of the ten receivers was placed suc-
cessively on the artificial ear, which transmtted the el ec-
trical energy to the harnonic wave anal yzer where it was
read in mllivolts. The acoustic output of each fundanental
frequency and five of its overtones were neasured. Since
the limt of the harnonic wave anal yzer was 16 kil ocycl es,
it was not possible to neasure beyond the fifth harnonic
of 2896, the third harnmonic of 4096, and the fundanental of
8192.
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The readings for the frequencies and their harnonics
are given in Table 3. The bl ank spaces represent readings
of less than one mllivolt, the smallest readi ng obtainable
wi th the harnmonic wave anal yzer. \Wen two or nore voltage
readi ngs for one frequency were obtained, they were in-

serted in the fornul a,
Ndb:20|0g10V1/V2 (3)

In five of the 21 instances in which overtones were
nmeasur abl e, the difference between the fundanental and over-
tone was | ess than 25 db. These excursions within the 25
db Iimt all occurred at 256 cps. Wth one exception, all
vol tages for the harnonics of the other frequencies were
bel ow the sensitivity of the instrunent. In summary, three
receivers of the 10 receivers tested did not neet speclfl-

cations set forth by the American Medi cal Association

These specifications also require that the noise |evel
due to alternating current hum conmmutator ripple, or any
ot her cause be so lowthat it is inaudible to a normal
hearing person in the presence of the test tone produced
at any attenuator setting at any frequency. The experi-
ment er, who has normal hearing, found no audible humwhen

a signal was present in the receivers used in this study.

It is possible that these deviations could have been the
result of either the el ectro-acoustical characteristics of
the receivers or the electrical characteristics of the
audi oneter or a conbination of both.
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Table 3. The harnonic distortion, neasured in volts,
present in 10 random y-sel ected receivers.

Frequency Har noni cs Phones
No. 1 No. 14 No. 30 No. 29 No. 24

1 .21 .52 .35 .15 T
2 .014* .02 .009 .012* 005
256 2 .018* 014 .008 .015* .007
5
6
1 3 46 .22 25 12
2 . 003
517 3
4
5
6
1 .125 .2 .062 .12 .0%4
2
1024 3
4
5
6
% 175 17 J11 .125 .088
2048 3
4
5
6
% . 145 . 105 .04 .078 . 032
2896 3
4
5
1 .53 A .75 .12 .62
4096 2
3
8192 1 .185 .32 .44 .18 . 105

*indicates there is |less than 25 db between the fundanental
and har noni c.
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Table 3 (Continued). The harnonic distortion, neasured in
volts, present in 10 random y-sel ected receivers.

Frequency Har noni cBhones Phones
No. 19 No. 3 No. 33 No. 38 No, H

1 .21 1.1 .32 .31 .25
2 . 008 .01 . 012 .022* .01
256 3 . 006 .012 .01 . 015 .01

4

5

1 .19 .2 .27 .5 .27

2

512 3

4

5

6

% .05 .025 .074 .22 . 75
1024 3

% .11 .125 . 077 . 088 . 078
2048 3

4

6

% .03 .046 .04 .028 .038
2896 3

4

5

1 . 37 11 .76 .5 . 67
4096 2

3
8192 1 . 125 .32 .2 .35 .3

*indicates there is less than 25 db between the fundanental
and har noni c.
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Linearity. For every five db step increase or decrease in
out put by the audioneter, there should be a correspondi ng
five db increase or decrease in output in the earphones.
In order to verify this or to determ ne whether the dif-
ferences discovered fell within the tolerance allowed, a
measure of linearity was nmade. This was acconplished with
the same 10 phones that were used in the distortion study.
Each of the phones was placed successively on the artifi-
cial ear, and readings were obtained fromthe highest in-
tensity output of the audionmeter toward the |owest inten-
sity output, until the limt of the artificial ear was
reached. The Ballantine Voltnmeter has a logarithmc scale,

maki ng possi ble direct db readings.

In a report of the Council of Physical Medicine of the
Ameri can Medical Association entitled "M ninum Requirenents
For Acceptabl e Audioneters” is stated: "The difference in
nmeasured intensity |levels corresponding to two adjacent
settings shall not vary fromfive db by nore than plus or
m nus one db for any frequency" (3). The sanple of 10 re-
ceivers did not neet this requirenent in 14 instances. The
tol erance specifications provide a range of four to six db
in the receiver for each five db step on the attenuator
dial. The range found in this study was 3.7 to 5.5 db with
a mean of 4.7 db (Table 4). Ei ght of the 10 receivers
tested did not conformto the standards of the Anmerican

Medi cal Associ ation . In each case, the difference in
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Tabl e 4. The neasurenent of linearity in 10 randon y-se-
| ected receivers.

Phones
Fr equency No. 1 No. 14 No. 30 No. 29 No. 24
0.0 0.0 0.0 0.0
256 A4 0.0
- .2
0.0
0.0 0.0 0.0 0.0 0.0
512 - .1 .2 - .4 - .8 -.1
.4 .3 1 2
.4 1 .2 1 .2
0.0 0.0 0.0 0.0 0.0
1024 - .1 - .2 -.3 - .5 - a
4 - .2 -.1 1 -,2
.3 .1
0.0 0.0 0.0 0.0 0.0
2048 - .5 - .4 - .5 - .5 - .7
- .5 - . -.6 - .7 -. 4
2 0.0 0.0 0.0
.1 0.0
0.0 0.0 0.0 0.0 0.0
- .6 - 7 - .3 - .9
- .8 - .7 - .3
- .2
0.0 0.0 0.0 0.0 0.0
4096 - .6 -1. 1% 1.2* -1.0 -1, 1*
- 9 - .4 -.5 - .7 - .4
- .2 -1.0 -1.1* -1.0 -1.1*
0.0 .1
0.0 0.0 0.0 0.0
8192 2 - .3

*Indicates five db plus or mnus one db standard was not net.
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Table 4- (Continued). The neasurenent of linearity in 10
random y-sel ected recei vers.

Phone s
Fr equency No. 19 No. 3 No. 33 No. 38 No. 10
0,0 0.0 0.0 0.0
256 0.0
0.0 0.0 0.0 0.0 0.0
512 1 4 2 .2 2
0.0 .1 4 0.0 1
4 .5
0.0 0.0 0.0 0.0 0.0
1024 - .2 -.3 - .3 - .2 - .2
A - .1 - .1 - .3 - .3
- .6 .3 3
0.0 0.0 0.0 0.0 0.0
2048 - .5 - .5 - .5 - .7 - .5
- .5 - .5 - .4 - .4 - .6
1 1
0.0 0.0 0.0 0.0 0.0
2896 - .5
0.0 0.0 O.% 0.0 0.0
4096 -1.1* -1.1* - -1. 3* -1, 1*
_.7 - .6 -1. 3% - .8 - .5
1. 1* 1. 1* 3 1.1* 1.2*
- .3 2 -1.0 - .5
0.0 0.0 0.0 0.0 0.0
8192 0.0 - .1

*indicates five db plus or m nus one db standard was not net.
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nmeasured intensity levels corresponding to two adjacent
settings was less than the four db required. Also, it may

be noted that all violations occurred at 4096 cps.

Intensity. Generally, a circuit of multiple phones requires
nore power to produce desired signal levels than a circuit
of one phone requires to produce the same levels. Sone fre-
guencies require |ess power than others to produce the sane
signal level. Furthernore, if the group phones are not

mat ched, the anount of power required to produce a signa

| evel for one particular frequency may vary from phone to
phone. For this reason, it was necessary to obtain the
correction factor needed to bal ance or equate each group
phone at each frequency, in ternms of intensity, with a re-
spect to a standard or calibrated phone. |In other words,

in order to produce in the group phones the db val ues
equivalent to a given signal level in the calibrated phone
at each frequency, the attenuator settings nust be increased.
The amount of this increase for each group phone at each
frequency was determned by using the artificial ear. The
procedure and results of these neasurenents are contained

in Appendi x B.

31t is possible that these deviations could have been the
result of either the electro-acoustical characteristics of
the receivers or the electrical characteristics of the
audi oneter or a conbination of both.
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Sunmary The receivers used in this study were not per-
fectly matched, nor did a few of themneet the specifica-
tions of the Anerican Medical Association with regard to
linearity and distortion. These receivers are typical of

t hose specifically manufactured for use with the Massa-
chusetts Hearing Test. Since these phones are typical of

t hose being used by public school speech and hearing thera-
pists and others interested in group pure tone audionetrics,
the experinenter felt that such avail able phones shoul d be
enpl oyed to neasure the efficiency and validity of the Pur-

due Modified Massachusetts Hearing Test.
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PROCEDURE

Subj ect s

The subjects used in this study were enrolled in Klon-
di ke School, a public school in Tippecanoe County, | ndiana,
and in four public schools in Lafayette, Indiana, The
choice of the schools to be tested was governed only by
conveni ence. There were 143 children tested in the four
schools in Lafayette and 352 children tested in Klondike
School. There was no systematic selection of pupils to be
tested, since every child present the day of the test was
included in the testing routine. No effort was made to
elimnate the nmentally slow, even though their presence in
sone cases may have adversely affected the efficiency of

the tests.

Admi ni stration of Hearing Tests

The Purdue Mbdified Massachusetts Hearing Test. The Purdue

Modi fi ed Massachusetts Hearing Test was adm nistered to the
children in Kl ondi ke School on the first day of the test
week. The sound level in the testing roomwas 45-55 db, as
nmeasured by a General Radio Sound Level Meter, Type 759-B.
The signal level for the frequencies used in the test, 256,
512, 1024, 2048, 2296, and 4096, was 20 db above nor nal
threshol d. These frequencies and the 20 db signal |evel

were the result of a pilot study reported in Appendi x C



The follow ng; procedure was used to adm nister the group
pure tone test. As the subjects entered the room they
were handed a test blank (Appendix D) and a smaller form
to be used as an exanple (Appendix E). The experinenter
had previously drawmn on the blackboard a replied of the
test form This was shown to the pupils with the foll ow ng

| nstructi ons:

Today | want to find out howwell you hear. There
will be nmusical tones or notes com ng through the ear-
phones. |If you hear them underline "yes" on the answer
sheet; if you do not hear anything, underline "no".
Sonmetines you will hear the sound, and sonetines you wl|
not hear it. The sound is not there every tinme. You
have to listen carefully and deci de whether or not you
hear it. First we start at the top of the page where it

says Left Ear. | will say, "Columm A, nunber one." Then
you listen carefully, and if you hear the sound, under-
line "yes" opposite nunber one in colum A, if you do
not hear it, underline "no". Then I'll say "Nunber two,"
and you listen carefully. If you hear the sound, under-
line "yes" opposite nunmber two; if you do not hear it,
underline "no". \Wen we finish nunber six, | wll say,

"Colum B, nunber one," and we do the sanme thing for the
nunbers fromone to six under columm B. Next we do col -
ums C, D, E, and F. Wen we have finished the top half
of the paner, we will begin the bottomhalf, under Ri ght
Ear. But before we start, let's check to see if you al
understand, by doing the exanple printed on the snall

pi ece of paper. First you have to put on the earphones
that are on the table in front of you. There is a red
ear phone and a gray earphone. Everyone put the red ear-
phone on his left ear. Check your neighbors' earphones
to make sure they have them on correctly (the experi-
menter checks this also). Nowthat everyone is ready,

take the small piece of paper and begin. "Nunber one.
Nunber two.. ."
The exanple was 256 cps at a 20 db |l evel. The tones

were presented according to the plan shown in Appendi x F.

When the exanple was conpl eted, the students were asked to



put it aside and take the large test blanks. Wth an ad-
noni tion agai nst |ooking at other papers, the test was be-
gun. The colums on the |arge answer sheet correspond to
the frequencies 256, 512, 1024, 2048, 2896, and 4096 in
that order. The nmaster sheet for the test is given in Ap-
pendix G  Approximately 10 mnutes were required to test
40 children simultaneously. The signal and non-signal in-
tervals were three seconds in length, and the intervals
wer e kept constant whether or not a signal was presented.
Initial practice with a stop watch and periodi c checks
enabl ed the experinenter to nmaintain the proper signal and
non-signal intervals. There was no tine delay associated
with the use of the tone interrupter. The tone interrupter
was kept permanently in the "On" position. A switch box,
|ocated in the circuit shown in Figure 2, nmade possible

sharp and wel | -defined signal intervals.

Two met hods were used to score the Purdue Mdified
Massachusetts Hearing Test. Because the test was graded by
means of a tenplate, the first nethod was called the tem
plate method. Wth this nethod, a frequency was failed if
nmore than one out of the six responses for that frequency
was incorrectly identified. It was felt that one m stake
could result frominattention, noise, etc. The criterion
for a significant hearing loss was a failure on two or nore
frequencies for the total test or, in other words, both

ears.
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The second nethod of scoring was that devel oped by
Johnston (12) in which he had the children sum the nunber
of "noes" for each ear. |If either of those totals differed
fromthe correct totals by nore than two, the test was con-
sidered failed. Since this experinenter had added nore
frequencies to the test, the test was considered failed if
the totals in either colum differed by nore than three from
the correct totals. In this study the experinmenter graded

all test papers.

The Individual Pure Tone Test. On the second and third

days of the test week, the children in Kl ondi ke School were
given individual pure tone screening tests. The testing
was conducted with the Maico D-9 audioneter and its cali-
brated receiver in the sane quiet school roomthat was used
for the prroup pure tone test. The screening |evel was 20
db, and threshol ds were obtained for those frequencies
which were failed. The follow ng technique was used for

t he individual pure tone screening: (a) the frequencies
256, 517, 1024, 2048, 2896, and 4096 were tested in that
order; (b) the tone was presented at 20 db, and if the
listener signaled that it was heard, it was rechecked be-
fore proceeding to the next frequency; (c) if the signa

was not heard at 20 db, the signal |evel was increased until
the signal was heard; and (d) the signal |evel was then
mani pul at ed above and bel ow t hreshold, until a point was

reached at which the subject responded to one signal |evel
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at least 50 per cent of the tine.

A significant hearing loss on the individual pure tone
tnst resulted if the thresholds for two or nore frequencies

were Geater than 20 db.

The Western Electric 4-C Test. The Western Electric 4-C

Test was presented to the children in Kl ondi ke School the
fourth day of the test week. The roomused for testing was
the sane as that used previously. The 4-C earphones were
checked subjectively to make certain the output was uniform
The test record, Colunbia Record KS 10087, was a recording
of a worman's voice reciting colums of two digit nunbers,
each two digit nunber progressively attenuated by three db,
so that in each colum the first and |oudest began at 30 db
above threshold and the last ended three db bel ow threshol d.
The subjects responded by witing the nunbers on a specially
prepared test blank as they were heard (Appendix H). Forty

pupils were tested sinultaneously.

The 4-C test papers were graded in three ways. The
first nethod of grading followed the criterion recomended
by Gardner (8). In grades three through six, a pupi
passed if he had, for each ear, two whole nunbers at the
12 db level correct, and all digits above (higher db |evels)
in those two columms correct. In grades seven through 12,

a pupil passed if he had, for each ear, two whol e nunbers

on the nine db level correct, and all digits above (higher
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db | evels) in those two colums correct.

The second nethod of scoring the 4-C Test was call ed,

for clarity and conveni ence, the Al pha nethod. The test

papers were scored in the manner recommended by Gardner,
with the exception that a cutting score at the 21 db | evel
was used instead of cutting scores at the 12 and nine db
levels. In grades three through 12, a pupil passed if he
had, for each ear, two whole nunbers at the 21 db |evel
correct, and all digits above (higher db levels) in those
two columms correct.

The third method of scoring the 4-C Test was called
the Beta nmethod. In grades three through 12, a pupil passed
if he had, for each ear, one whole nunber at the 21 db |evel
correct, and all digits above (higher db | evels) in that

colum correct.

The Second Adm ni stration of the Purdue Mdified Massa-

chusetts Hearing Test. The Purdue Mdified Massachusetts

Hearing Test was adm nistered a second tine to the chil-
dren in Kl ondi ke School on the fifth day of the test week.
The difference between this test and the first one was only
a change in master sheets (Appendix | ). The tenplate and

Johnston net hods were used to score this test al so.
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METHOD OF DATA ANALYSI S

In judging the performance of the group tests, the
anal ysi s suggested by Newby (14) was used. To determne
the presence or absence of significant hearing | osses re-
veal ed by the group tests, the subjects were tested indi-
vidually with pure tones. A conparison of the group tests
with the individual test was made, using the tetrachoric
table. The tetrachoric table, which permts rapid exam na-
tion of the data, is illustrated in Figure 3 with the cel
limts as defined by Newby. Percentages entered in cells
a and (i indicate agreenent between the group and i ndividua
tests. Percentages entered in cells b and c_ indicate dis-
agreenent between the group and individual tests. The
smal l er the percentages in the latter two cells, the nore
efficient is the group test, since cell c_ indicates sub-
jects who have significant | osses, but who were m ssed by
the group test, and cell b indicates subjects who do not

have significant | osses, but who nust be needl essly retested.
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RESULTS

The Individual Pure Tone Test
The individual pure tone test was included in the ex-
perimental procedure to determne the efficiency and valid-
ity of the other tests used. The results of this test ap-

pear in every table in which efficiency is reported.

The Purdue Modified Massachusetts Hearing Test

The Tenpl ate Scoring Method. The results of the first ad-

m nistration of the Purdue Modified Massachusetts Hearing
Test, scored with a tenplate, and the results of the indi-
vidual pure tone test were placed in a tetrachoric table
for conparison (Table 5). Two schools grades were com

bi ned as a convenient way of determ ning the efficiency of
t he Purdue Modified Massachusetts Hearing Test at various
age levels. Efficiency was considered in terns of the
proportions in cells b and C, the nunber of students incor-
rectly classified. Newby (14) suggested that an efficient
test would have |ess than 25 per cent of the sanple in cel
b, students failing the group test and passing the indi-
vidual test, and less than five per cent in cell C stu-
dents passing the group test and failing the individual
test. Cell b represents students who do not have signifi-
cant | osses, but who nust be needlessly retested, while

cell C represents students who have significant |osses
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The efficiency of the Purdue Mdified Massachu-
scored with the tenplate nethod.

Tabl e 5.
setts Hearing Test,

| ndi vi dual Test
Fai | Pass
. $ 15
Fai |
66 12. 4 Gr ades
G oup Test 23
1 97 3-4
Pass
.8 30.2
| ndi vi dual Test
Fai | Pass
N 4 9
Fai |
40 4/p 91 G ades
Group Test cld
N 0 36 5-6
Pass
86.9
| ndi vi dual Test
Fai | Pass
_ N 5 3
Fai |
% 6.3 ab 4.0 G ades
Group Test cld
N 2 64 7-3
Pass
% 2.7 36.5
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Table 5 (Continued). The efficiency of the Purdue Mdified
Massachusetts Hearing Test, scored with the tenpl ate nethod,

| ndi vi dual Test
Fai | Pass
N 0 3
Fai |
ab 8.6 Q ades
Q@ oup Test c d
N 0 32 9-10
Pass
% 91.4
| ndi vi dual Test
Fai | Pass
N 1 1
Fai |
% 4.3 o 4.3 G ades
a
Q oup Test cld
N 0 21 11-12
Pass
% 91. 3
| ndi vi dual Test
Fai | Pass
N 18 31
Fai |
51 @G ades
ab
Q oup Test cld
N 3 300 3-12
Pass
0.8 85. 2
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whi ch are not discovered by the group test. For the total
test, cells b and 2 were well within the [imts set by
Newby. Less than one per cent of the students had signifi-
cant | osses which were not discovered by the Purdue Modi -
fied Massachusetts Hearing Test, scored with a tenplate,
and only 8.8 per cent of the students would have been need-
lessly retested. The Purdue Mdified Massachusetts Hearing
Test, scored in this manner, was considered an efficient
tool for discovering hearing losses in a sanple of primary

and secondary school children.

The validity of the Purdue Modified Massachusetts
Hearing Test, scored wwth a tenplate, was considered in
terms of the nunber of persons correctly classified by that
test when conpared with the individual pure tone test re-
sults. Three hundred and ei ghteen subjects, or 90.3 per
cent, were correctly classified while 34 subjects, or 9.6

per cent, were incorrectly classified.

In the b cells in Table 5, the proportion of subjects
failing the group test and passing the individual test
varied anong the grades fromfour per cent to 12.4 per cent,
with the percentage for the whole school being 8.8 per
cent. The highest figure, 12.4 per cent, was for grades
three and four. Since the other cells remained fairly
stable, variability was considered only with respect to

cell b, the cell representing the students having to be
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needl essly retested. The nagnitude of variation from

school to school is illustrated in Appendix J.

The Johnston Scoring Method. The results of the first ad-

mnistration of the Purdue Mdified Massachusetts Hearing
Test, scored with the Johnston nethod, and the results of
the individual pure tone test are presented in Table 6,

Less than one per cent of the students had hearing | osses
whi ch were not detected, and only 6.6 per cent of the stu-
dents woul d have been needlessly retested. The Purdue Modi -
fied Massachusetts Hearing Test, scored with the Johnston
met hod, was an efficient tool for discovering the hearing

| osses in a sanple of primary and secondary school children.

The validity of the Purdue Mdified Massachusetts
Hearing Test, scored with the Johnston nethod, was indi-
cated by the proportion of students correctly classified,

93.5 per cent.

Ths percentages in cell b fromgrade to grade ranged
from1l.4 to 10.7 per cent, with the percentage for the
whol e school being six per cent. The variation present
from school to school when the Johnston scoring nmethod was

used is illustrated in Appendix J.

A Conparison of the Tenplate and Johnston Scoring Met hods.

In order to determ ne which nethod of scoring,the tenplate

nmet hod or the Johnston nethod, yielded the nore valid



Tabl e 6.

setts Hearing Test,

Q oup Test

Q oup Test

QG oun Test

Fai |

Pass

Fai |

Pass

Fai |

Pass

%

%

%

%

%

| ndi vi dual Test
Fai | Pass
13
6.6 ap10.7
cd
1 99
. 8 31.3
| ndi vi dual Test
Fai | Pass
4 5
4.0 a b 5. 0
cl d
0 90
90.9
| ndi vi dual Test.
Fai | Pass
6 1
8.1 ab 1.4
cd
1 66
1.4 39.2

41

The efficiency of the Purdue Mdified Massachu-
scored wi th the Johnston met hod.

Q@ ades

@ ades

@ ades
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The efficiency of the Purdue Mdified

Table 6 (Conti nued].
scored with the Johnston nethod.

Massachusetts Hearing Test,

| ndi vi dual Test
Fai | Pass
N 0 1
Fai |
% a 2.8 Q ades
Q oup Test cld
N 0 34 9-10
Pass
% 97.1
| ndi vi dual Test
Fai | Pass
N 1 1
Fai |
% 4.4 a Q ades
G oup Test c 2 4.4
N 0 21 11-12
Pass
% 91.3
| ndi vi dual Test
Fai | Pass
N 19 21
Fai |
%| 54 ab 6.0 G ades
Q oup Test c|d
N 2 310 3-12
Pass
% .6 88.1
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results, the test papers scored with those two nethods were
conpared with the individual pure tone test results (Table
7). Eleven students incorrectly classified by the tenplate
nmet hod were properly classified by the Johnston nethod. No
students incorrectly classified by the Johnston nethod were
correctly classified by the tenplate nethod. Substituting
the values in Table 7 in the chi-square fornula for corre-

| ated proportions with the correction for continuity,

«2= (Ib-¢| -1)?2 = (]11-0] -1)* =9.09
b+c 11+0

(7)

Wth one degree of freedom this figure was significant at
the one per cent |level. The Johnston nmethod of scoring the
Purdue Mbdified Massachusetts Hearing Test classified cor-
rectly a significantly greater proportion of students than

did the tenpl ate mnethod.

The Western Electric 4-C Test
The Western Electric 4-C Test had been adm ni stered
to the school children the fourth day of the week in which
the other tests were adm nistered. A conparison was nade
with the individual pure tone test results to determ ne the
efficiency and validity of the 4-C Test with each nethod

of scoring.

The Gardner Method of Scoring. The Western Electric 4-C

Test, scored with the Gardner nethod, fell within the limts
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Table 7. A conparison of the Johnston and tenpl ate met hods
of scoring the Purdue Modified Massachusetts Hearing Test,
consi dering performance on the individual pure tone test.

I ncorrectly Correctly

Classified | dassified Tot al

| ncorrectly 23 11 34 N
Tenpl at e C assified 6.5 3.1 9.6 %
Met hod of -
Scoring Correctly 0 318 318 N
C assified 90. 3 90.3 %
23 329 352 N
Tot al

6.5 93.4 99.9 %
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of efficiency recommended by Newby (Table 3). Sixty-four
students, or 19.9 per cent, would have been needlessly re-
tested, and seven students, or 2.2 per cent, had hearing
| osses that were not discovered. The validity of the Wes-
tern Electric 4-C Test, scored with this nmethod, was indi-
cated by the proportion of students correctly classified,

77.9 per cent

The Al pha Method of Scoring. The Western Electric 4-C Test,

scored with the A pha nmethod, fell within the limts of ef-
ficiency recommended by Newby (Table 9). Twenty-one stu-
dents, or 6.5 per cent, would have been needl essly retested,
and 15 students, or 4.7 per cent, had hearing | osses that
were not discovered. The validity of the Western Electric
4-C Test scored with this nmethod, was indicated by the pro-

portion of students correctly classified, 88.9 per cent.

The Beta Method of Scoring. The Western Electric 4-C Test,

scored wwth the Beta nethod, fell within the limts of ef-
ficiency recommended by Newby (Table 10). Six students,
or 1.9 per cent, would have been needl essly retested, and
15 students, or 4.7 per cent, had hearing |osses that were
not discovered. .The validity of the Western Electric 4-C
Test, scored with this method, was indicated by the pro-

portion of students correctly classified, 93.5 per cent.

A. Conparison of the Western Electric 4-C Scoring Methods.

In order to determ ne which nmethod of scoring the Wstern
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The efficiency of the Western Electric 4-G Test,
scored with the Gardner nethod.

4-C Test

4-C Test

4-C Test

N
Fai |
%
N
Pass
%
N
Fai |
Pass e
%
N
N
Fai |
%
%
N
Pass
%

| ndi vi dual Test
Fai | Pass
5 34
4.4 al 29.3
cld
4 71
3.5 62. 3
| ndi vi dual Test
Fai | Pass
3 16
3.2 17.0
ab
1 4 24
1.1 78. 7
| ndi vi dual Test
Fai | Pass
5 8
1 alp11.4
2.9 78.6

Q ades

3-4

Q ades

Q ades

7-8



Table 8 (Continued). The efficiency of the Western El ec-
tric 4-C Test, scored with the Gardner nethod.

| ndi vi dual Test

Fai | Pass
N 0 4
Fai |
% alb 17.4 Q ades
4-C Test
N 0 C/¢9 19 9-10
Pass
% 82.6
| ndi vi dual Test
Fai | Pass
N 1 2
Fai |
% Q ades
4-C Test alb 9.5
N 0 cd 18 11-12
Pass
% 35.7
| ndi vi dual Test
Fai | Pass
N 14 64
Fai | o ad
% ades
4.C Test 4.3 ab19.9
N 7 cld 237 3-12
Pass
% 2.2 73.6
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scored with the Al pha net hod.
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The efficiency of the Western Electric 4-C Test,

4-C Test

4-C Test

4-C Test

Fai |

Pass

Fai |

Pass

Fai |

Pass

%

%

%

%

%

| ndi vi dual Test

Fai |

Pass

3

2.6 a

13

b 11.4

c
6

5.3

d
92

30.7

| ndi vi dual Test

Fai |

Pass

1

1.1 a

6
b 64

3.2

d g4
30. 4

| ndi vi dual Test

Fai |

Pass

2
2.9 a

2

b 2.9

c

7.1

d
61

37.1

G ades

3-4

@ ades
56

@ ades



Table 9 (Continued).
tric 4-C Test,
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The efficiency of the Western El ec-

scored with the Al pha net hod.

I ndi vi dual Test
Fai | Pass
N 0 0
Fai |
%
4-C Test a b
N O c¢cd 23
Pass
% 100.0
I ndi vi dual Test
Fai | Pass
N 0 0
Fai |
% ab
4-C Test cld
N 1 20
Pa:
* % 43 95. 2
| ndi vi dual Test
Fai | Pass
N 6 21
Fai |
0t
4-C Test ° 1.9 ajb®6.5
cd
N 15 230
Pass
% 4.7 37.0

Q@ ades
9-10

Q@ ades

11-12

@ ades
3-12
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Table 10. The efficiency of the Western Electric 4-C Test,
scored with the Beta nethod.

| ndi vi dual Test

Fai | Pass
N 3 4
Fai |
% 26 _p 385 G ades
4- C Test q
N 6 ¢ 1m 3-4
Pass o 5.3 28. 6
| ndi vi dual Test
Fai | Pass
N 1 1
Fai |
% 1.1 ab 1.1 G ades
4- C Test cld
N 3 39 5-6
Pass
% 3.2 94.7
. | ndi vi dual Test
Fai | Pass
N 2 1
Fai |
@ ades
4-C Test 2.9 ajlp 14
cld
N 5 62
Pass
7.1
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Table 10 (Continued). The efficiency of the Wstern El ec-
tric 4-C Test, scored with the Beta net hod.

| nai vi dual Test

Fai | Pass
N 0 0
Fai | o ad
% alb ades
4-C Test cld
N 0 23 9-10
Pass
% 100.0
| ndi vi dual Test
Fai | Pass
N 0 0
Fai |
4-C Test % 2 3 @ ades
N 1 20 11-12
Pass
0/ 95.2
| ndi vi dual Test
Fai | Pass
N 6 6
Fai | -
1.9 alp 19 G ades
4-C Test cld
N 15 295 3-12
Pass
% 4.7 91.6
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El ectric 4-C Test was the nore valid, each nmethod of scor-
ing was conpared with the others and with the individua
pure tone test. Wen the Gardner and Al pha net hods of
scoring the Western Electric 4-C Test were conpared with
the individual pure tone test (Table 11), 43 students in-
correctly classified by the Gardner nethod were properly
classified by the Al pha nethod. Eight students incorrectly
classified by the Al pha nmethod were properly classified by
t he Gardner nethod. Substituting the values in Table 11
in the chi-souare forrmula for correlated proportions with
the correction for continuity,

«2 = (|43-8]-1)? =22.7

43+8
Wth one degree of freedom this figure was significant at
t he one per cent level. The Western Electric 4-C Test,
scored with the Al pha nethod, correctly classified a sig-
nificantly greater proportion of students than did the

Western Electric 4-C Test, scored with the Gardner nethod.

When the Gardner and Beta net hods of scoring the Wes-
tern Electric 4-C Test were conpared with the individua
pure tone test (Table 12), 58 students incorrectly classi-
fied by the Gardner nmethod were properly classified by the
Beta nethod. Eight students incorrectly classified by the
Beta nethod were properly classified by the Gardner nethod.

Substituting the values in Table 12 in the chi-square



Table 11.

A conparison of the Al pha and Gardner
of scoring- the Western Electric 4-C Test,
formance on the individua

pure tone test.
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met hods
consi deri ng per-

West ern

El ectric

4-C Test

Scored Wth

The Gar dner

Met hod

Scored Wth The Al pha Method

Western Electric 4-C Test

Incorrectly | Correctly

Classified| Cassified Tot al
| ncorrectly 28 43 71 N
Cassified 8.7 13. 4 22.1 0p
Correctly 243 251 N
Cl assifi ed 2.5 75.5 718.0 o
36 286 322 N

Tot al
11.2 88.9 100.0
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Table 12. A conparison of the Beta and Gardner nethods of
scoring the Western Electric 4-C Teat considering perfor-
mance on the individual pure tone test.

Western Electric 4-C Test
Scored Wth The Beta Met hod

Incorrectly | Correctly

Classified | dassified Tot al

Western
| ncorrectly 13 53 71 N
El ectric
d assified 4.0 18.0 22.0 %
4-C Test
Scored Wth
Correctly 8 243 251 N
The Gardner
Cassified 2.5 75.5 73.0 %
Met hod
21 301 322N
Tot al

6.5 93.5 100.0 %
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formula for correlated proportions with the correction for

continuity,

x2=(|58-8] -1)>=36.5
. 58+8 L o
Wth one degree of freedom this figure was significant at
the one per cent level. The Beta nethod of scoring the 4-C
Test correctly classified a significantly greater propor-

tion of students than did the Gardner nethod of scoring the

4-C Test.

When the Al pha and Beta nethods of scoring the Wstern
El ectric 4-C Test were conpared with the individual pure
tone test (Table 13), 15 students incorrectly classified by
the Al pha nethod were correctly classified by the Beta
nmet hod. No students incorrectly classified by the Beta
nmet hod were correctly classified by the Al pha nethod. Sub-
stituting the values in Table 13 in the chi-square formula
for correlated proportions with the correction for continu-
ity,

x2=(15-0[- 1)*=13.1
58+8

Wth one degree of freedom this figure was significant at the
one per cent level. The Beta nethod of scoring the Wstern

El ectric 4-0 Test correctly classified a significantly

greater proportion of students than did the Al pha nethod of

scoring the Western Electric 4-C Test.
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Table 13. A conparison of the Al pha and Beta net hods of
scoring the Western Electric 4-C Teat, considering per-
formance on the individual pure tone test.

Western Electric 4-C Test
Scored Wth The Beta Mt hod

Incorrectly| Correctly

Cassified | dassified Tot al

West ern
| ncorrectly 21 15 36 N
Electric
dassified 6.5 4.7 11.2 %
4-C Test
Scored Wth
Correct|y- 0 286 286 N
The Al pha o
d assified 88. 8 88.8 %
Met hod
21 301 322 N
Tot al

6.5 93.5 100.0 %
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The Second Admi nistration of the
Purdue Mbdified Massachusetts Hearing Test

The Tenplate Scoring Method. The second adm nistration of

the Purdue Modified Massachusetts Hearing Test was included
in the experinmental procedure to obtain a neasure of test-
retest reliability. Table 14 is a conparison of the results
of the first and second adm nistrations of the Purdue Mdi -
fied Massachusetts Hearing Test, both scored with a tenplate.
El ghty-ei pht per cent of the subjects perfornmed identically
on both tests. In other words, if they passed the test the
first time, they passed it the second tine; if they failed
the test the first time, they failed the second tinme al so.
Twel ve per cent received a different classification on each
test. |If they failed the first test, they passed the sec-
ond test; if they passed the first test, they failed the
retest. The 88 per cent figure represents the "repeati -
bility" of the group test. To neasure the reliability

the group test, an individual test, a group test, a second
group test, and an individual test, in that order, would
have had to have been given within a few days of each ot her.
In that way, differences due to a real change in hearing
fromthe tine of one group test to that of a second group
test would have been discovered and woul d not have been al -
| owed to decrease the reliability. Unfortunately, a nea-
sure of reliability was not obtained in this study since a

second individual test was not given.
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Table 14. The results of the first and second adm nistra-
tions of the Purdue Mdified Massachusetts Hearing Test,
both scored with the tenplate nethod.

Fai |
G oup Test 1

Pass

Fai |
QGoup Test 1

Pass

Fai |
QGoup Test 1

Pass

QG oup Test 11

Fai | Pass
N 16 4
0 13.2 ap 58
cld
N 12 36
% 9.9 71. 1
G oup Test 11
Fai | Pass
N 9 4
9.1 ap 4o
d
N 6 % 30
6.1 80.8
Qoup Test 11
Fai | Pass
N 6 2
o 3.1 W b 2.7
cd
N 7 59
9.5 79.7

G ades

G ades

G ades
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Table 14 (Continued). The results of the first and second
adm ni strations of the Purdue Mdified Massachusetts Hear-
i npr Test, both scored with the tenpl ate nethod.

Goup mest 11

Fai | Pass
N 2 1
Fai |
% 5.7 G ades
Goup Test 1 ab 2.9
N 1 d 31
Pass 9-10
% 2.9 38.6
Group Test 11
Fai | Pass
N 1 1
Pai |
% 4.3 G ades
Goup Test 1 3 4.3
N 0 21 11-12
Pass
% 91.3
Goup Test 11
Fai | Pass
Eai | N 34 15
ai
%
0 97 o 4.3 G ades
Goup Test 1 d
N 26 277 3-12
Pass
%0 7.4 78.7
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A chi-square test was applied to these data to deter-
mne if there were a difference between the first adm nis-
tration of the Purdue Mbdified Massachusetts Hearing Test
and the second adm nistration of the Purdue Mdified Massa-
chusetts Hearing Test, both scored with a tenplate. Sub-
stituting the values in Table 14 in the fornula for corre-

| ated proportions with the correction for continuity,
X? = (|15-26]-1)* =2.44
( 15+2!3 )

Wth one degree of freedom this figure was not significant
at the five per cent level. There was no significant dif-
ference between the first admnistration of the Purdue Mdi -
fied Massachusetts Hearing Test and the second adm nistra-
tion of the Purdue Mdified Massachusetts Hearing Test,

both scored with the tenplate nmethod, in the proportions of

students passed.

The Johnston Scoring Method. Table 15 is a conparison of

the results of the first and second admi nistrations of the
Purdue Mbodified Massachusetts Hearing Test, both scored

wi th the Johnston method. N nety per cent of the students
performed identically on both tests. Ten per cent of the
students either failed the first test and passed the second
test or passed the first test and failed the second test.
Since a second individual test was not given, it is not
known what part of this inconsistency was due to a real

change of hearing fromone testing tinme to another.
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The results of the first
tions of the Purdue Mdified Massachu
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and second adm ni stra-

G oup Test

G oup Test

G oup Test

Fai |

1

Pass

Fai |

1

Pass

N

%
N

%

G oup Test 11
both scored with the J@arﬁton rret&é)sdg

13

10.7 .

b

9

7.4

cd

9
7.4

90

74.4

G oup Test 11

Fai |

Pass

8

8.1 a

6 C

6.1

84.5

G oup Test 11

Fai | Pass
4 3
5.4ab 4.0

c|d
4 63
54 85.1

setts Hearing Test,

Q ades

3-4

G ades

5-6

G ades



62

Table 15 (Continued). The results of the first and second
adm ni strations of the Purdue Modified Massachusetts Hearing
Test, both scored with the Johnston Method.

Group Test 11

Fai | Pass
N 1 0
Fai |
% 2.9 s|p G ades
Goup Test 1 cd
N 1 33 9-1C
Pass o5 2.9 94.3
G oup Test 11
Fai | Pass
N 1 1
Fai |
4,3 b 4.3 G ades
G oup Test 1 v 2 d
N 0 21 11-12
Pass
% 91.3
G oup Test 11
Fai | Pass
N 27 14
Fai |
7.6 4.0
%
G oup Test 1 ° 23 Grades
N 20 291 3-12
Pass
% 57 82.7
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A chi-square test was applied to the data to determ ne
if there were a difference between the first adm nistration
of the Purdue Modified Massachusetts Hearing Test and the
second admi nistration of the Purdue Modified Massachusetts
Hearing Test, both scored with the Johnston nethod. Sub-
stituting the values in Table 15 in the chi-square formula
for correlated proportions with the correction for continu-
ity,

x2=1(214 - 20| - 1) =73

14 + 20
Wth one degree of freedom this figure was not significant

at the five per cent level. There was no significant dif-
ference between the first and second adm nistrations of the
Purdue Mbodified Massachusetts Hearing Test, both scored
with the Johnston nethod, in the proportions of students

passed.

A Conparison of the Goup Hearing Test Results

In order to determ ne which test and scoring nethod
yielded the nore valid results, the first adm nistration
of the Purdue Modified Massachusetts Hearing Test and the
Western Electric 4-C Test, both scored with the various
met hods, were conpared with each other and with the indi-
vidual pure tone test (Table 16). The results were:

(1) The Purdue Modified Massachusetts Hearing Test,
scored with the Johnston nethod, correctly classified a

significantly greater proportion of students than did the
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Western Electric 4-C Test, scored with the Gardner method.

(2) The Purdue Modified Massachusetts Hearing Test,
scored with the Johnston method, correctly classified a
significantly greater proportion of students than did the
Western Electric 4-C Test, scored with the Alpha method.

(3) There was no significant difference between the
Massachusetts Hearing Test, scored with the Johnston method,
and the Western Electric 4-C Test, scored with the Beta
met hod, in the proportions of students correctly classified.

(4) The Purdue Modified Massachusetts Hearing test,
scored with the template method, correctly classified a
significantly greater proportion cf students than did the
Western Electric 4-C Test, scored with the Gardner method.

(5) There was no significant difference between the
Purdue Modified Massachusetts Hearing Test, scored with the
tenmpl ate method, and the Western Electric 4-C Test, scored
with the Alpha method, in the proportions of students cor-
rectly classified.

(6) There was no significant difference between the
Purdue Modified Massachusetts Hearing Test, scored with the
tenpl ate method, and the Western Electric 4-C Test, scored
with the Beta method, in the proportions of students cor-

rectly classified.

The primary purpose of a hearing test is to discover

those persons that have an impairment of hearing. Since
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t he Johnston net hod of scoring the Purdue Mdified Massa-
chusetts Hearing Test and the Beta nethod of scoring the
Western Electric 4-C Test were the best nethods of scoring
those tests, it would be advantageous to know how wel |
these tests achieved their purpose. From Tables 6 and 10
it was noted that 21 persons failed the individual pure
tone test. The Western Electric 4-C Test, scored with the
Beta nethod, discovered six of these persons with hearing
| osses, or 28.6 per cent of the total of 21 persons with a
hearing- inpairment. The Purdue Modified Massachusetts
Hearing Test, scored with the Johnston nethod, discovered
19 of these persons with hearing | osses, or 90.5 per cent
of the total of 21 persons with an inpairnment of hearing.
When these two tests were conpared with the individual pure
tone test, considering only the 21 students with an inpair-
ment of hearing, the results pictured in Table 17 were ob-
tained. The Purdue Modified Massachusetts Hearing Test,
scored with the Johnston nethod, discovered 13 students

wi th hearing- | osses that were not detected by the Western
El ectric 4-C Test, scored with the Beta nmethod. The Western
El ectric 4-C Test, scored wth the Beta nethod, did not

di scover any students with hearing | osses that were not de-
tected by the Purdue Mdified Massachusetts Hearing Test,
scored with the Johnston nmethod. Substituting the val ues
in Table 17 in the chi-square formula for correl ated pro-

portions with the correction for continuity,
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Table 17. A conparison of the Johnston and Beta net hods of
scoring the group tests, considering performance on the

i ndi vidual pure tone test, when only the students with
hearing | osses Were used.

Purdue Modified Massachusetts Hearing Test
Scored Wth The Johnston Mt hod

Heari ng Heari ng
Losses Not Losses
Tot al
D scover ed D scover ed
West er n Heari ng
2 13 15 N
Hectric Losses Not
9.5 61.9 71.4 %
4-C Test D scovered
Scored Wth Heari ng
0 6 6 N
The Bet a Losses
28.6 28.6 %
Met hod D scover ed
2 19 21 N
Tot al
9.5 90.5 100.0 %
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) 2
- OI w 1)
13

x? - 112 - 11.1

Wth one degree of freedom this figure was significant at
the one per cent level. There was a significant difference
bet ween the Purdue Mdified Massachusetts Hearing Test,
scored with the Johnston nethod, and the Western Electric
4-0 Test, scored with the Beta nethod, in the proportions

of students having hearing | osses which were discovered.

The Purdue Modified Massachusetts Hearing Test, scored with
t he Johnston nethod, discovered a significantly greater pro-

portion of the students having an inpairnent of hearing.

When the Purdue Mdified Massachusetts Hearing Test,
scored with the Johnston nethod, and the Western Electric
4-C Test, scored with the Al pha nethod, were conpared with
the individual pure tone test, considering only the 21 stu-
dents with an inpairnment of hearing, the results in Table
18 were obtained. The Purdue Mdified Massachusetts Hear -
ing Test, scored with the Johnston nethod, discovered 13
students with hearing |osses that were not detected by the
Western Electric 4-C Test, scored with the Al pha nethod.
The Western Electric 4-C Test, scored with the Al pha nethod,
did not discover any students with hearing |osses that were
not detected by the Purdue Mdified Massachusetts Hearing
Test, scored with the Johnston nmethod. Substituting the

values in Table 18 in the chi-square formula for correl ated



69

t he Johnston and Al pha net hods
considering performance on the
when only the students wth

Table 18. A conparison of
of scoring the group tests,
i ndi vidual pure tone test,

hearing | osses were used.

Purdue Modified Massachusetts Hearing Test
Scored Wth The Johnston Method

Heari ng Hear i ng
Losses Not Losses
Tot al
Di scovered | D scovered
West ern Hear i ng
2 13 15 N
El ectric Losses Not
. 9.5 61.9 71. 4 9
4-C Test Di scover ed
Scored Wth Hear i ng
0 6 6 N
The Al pha Losses
28.6 28. 6 o
Met hod Di scover ed
2 19 21 N
Tot al
9.5 90.5 100. 0 o4
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proportions with the correction for continuity,

X?= (13- 0 1)*=111
13+0
Wth one degree of freedom this figure was significant at

the one per cent level. There was a significant difference
bet ween the Purdue Modified Massachusetts Hearing Test,
scored with the Johnston nethod, and the Western Electric
4-C Test, scored with the Al pha nethod, in the proportions
of students having hearing | osses which were discovered.
The Purdue Modified Massachusetts Hearing Test, scored with
t he Johnston nethod, discovered a significantly greater

proportion of the students having an inpairnent of hearing.

When the Western Electric 4-C Test, scored with the
Gardner nethod, and the Purdue Modified Massachusetts Hear -
ing Test, scored with the Johnston nethod, were conpared
with the individual pure tone test, considering only the
21 students with an inpairnment of hearing, the results in
Tabl e 19 were obtained. The Purdue Mdified Massachusetts
Hearing Test, scored with the Johnston nmethod, discovered
five students with hearing | osses which were not detected
by the Wastern Electric 4-C Test, scored with the Gardner
met hod. The Western Electric 4-C Test, scored with the
Gardner method, did not discover any students with hearing
| osses that were not detected by the Purdue Mdified Massa-
chusetts Hearing Test, scored with the Johnston net hod.

Since these figures were too small to be treated with the



Tabl e 19.

i ndi vi dual

A conparison of the Johnston and Gardner
of scoring the group tests,

pure tone test,
hearing | osses were used.
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Vst ern

Hectric

4-C Test

Scored Wth

The Gar dner

Met hod

Purdue Modified Massachusetts Hearing Test

Scored Wth The Johnston ©Met hod

Heari ng Heari ng
Losses Not Losses
Tot al
D scover ed |D scover ed
Hear i ng
2 5 7 N
Losses Not
_ 9.5 33.3 %
D scover ed
Heari ng
0 14 14 N
Losses
D scover ed 66. 6 66.6 %
2 19 21 N
Tot al
9.5 90.4 99.9 %

met hods
consi deri ng performance on the
when only the students with
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chi-square test, the binom al expansion was used to eval uate
the data. The probability of the distribution occuring by
chance alone was 6.2 per cent. Since the probability did
not nmeet the five per cent level of significance, it was
concluded that there was no significant difference between
the Western Electric 4-C Test, scored with the Gardner

nmet hod, and the Purdue Mdified Massachusetts Hearing Test,
scored with the Johnston nethod, in the proportions of stu-
dents having: hearing |osses which were discovered. An in-
spection of the data in Table 19 suggests that, with an in-
crease in the sanple of hard of hearing subjects, the dif-
ference between the two tests could be significant at the

five per cent level or better.
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SUMVARY OP RESULTS

This study was undertaken to investigate the value of
two group tests of hearing when used with elenentary and
secondary school children. The obtained results indicate
that, within the limts of this study, i.e., experinenta
desi gn, sanple, procedure, equipnment, statistical treatnent,
etc., the followi ng summary nay be offered:

1. An acceptable level for testing with the Purdue
Modi fi ed Massachusetts Hearing Test was a 15 db | evel, so
judged by | oudness bal anci ng, plus an attenuator increase
of five db (Appendix C) .

2. \Wen conpared with the individual pure tone test,
the validity of the Purdue Mdified Massachusetts Hearing
Test, scored with the Johnston nethod, was 93.5 per cent,
the proportion of students correctly classified.

3. The test-retest reliability of the Purdue Modified
Massachusetts Hearing Test, scored with the Johnston nethod,
was 90.3 per cent.

4. \When conpared with the individual pure tone test,
the efficiency of the Purdue Mdified Massachusetts Hearing
Test, scored with the Johnston nethod, was such that 0.6
per cent of the students had hearing | osses which were not
di scovered, and six per cent of the students woul d have
been needl essly retested.

5. When conpared with the individual pure tone test,
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the validity of the Purdue Mdified Massachusetts Hearing
Test, scored with the tenplate nmethod, was 90.3 per cent,
the proportion of students correctly classified.

6. The test-retest reliability of the Purdue Modified
Massachusetts Hearing Test, scored with the tenplate mnethod,
was 88.4 per cent.

7. When conpared with the individual pure tone test,
the efficiency of the Purdue Mdified Massachusetts Hearing
Test, scored with the tenplate method, was such that 0.8
per cent of the students had hearing | osses which were not
di scovered, and 8.8 per cent of the students woul d have
been needl essly retested.

8. The Purdue Modified Massachusetts Hearing Test,
scored with the Johnston nethod, correctly classified a
significantly greater proportion of students than did the
Purdue Modi fied Massachusetts Hearing Test, scored with a
tenpl at e.

9. VWhen conpared with the individual pure tone test,
the validity of the Western Electric 4-C Test, scored with
t he Gardner nethod, was 77.9 per cent, the proportion of
students correctly classified.

10. When conpared with the individual pure tone test,
the efficiency of the Western Electric 4-C Test, scored
with the Gardner nethod, was such that 2.2 per cent of the
students had hearing | osses which were not discovered, and

19.9 per cent of the students woul d have been needl essly
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ret est ed.

11. \When conpared with the individual pure tone test,
the validity of the Western Electric 4-C Test, scored with
the Al pha nethod, was 88.9 per cent, the proportion of stu-
dents correctly classified.

12. When conpared with the individual pure tone test,
the efficiency of the Western Electric 4-C Test, scored
with the Al pha nmethod, was such that 4.7 per cent of the
students had hearing | osses which were not discovered and
6.5 per cent of the students would have been needl essly
retested.

13. When conpared with the individual pure tone test,
the validity of the Western Electric 4-C Test, scored with
the Beta nmethod, was 93.5 per cent, the proportion of stu-
dents correctly classified.

14. \Wen conpared with the individual pure tone test,
the efficiency of the Western Electric 4-C Test, scored
with the Beta nethod, was such that 4.7 per cent of the
students had hearing | osses which were not discovered, and
1.9 per cent of the students woul d have been needlessly re-
t est ed.

15. The Western Electric 4-C Test, scored with the
Al pha nmethod, correctly classified a significantly greater
proportion of students than did the Wstern Electric 4-C
Test, scored with the Gardner nethod.

16. The Western Electric 4-C Test, scored with the
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Beta nethod, correctly classified a significantly greater
proportion of students than did the Western Electric 4-C
Test, scored with the Al pha nmet hod.

17. The Western Electric 4-C Test, scored with the
Beta nmethod, correctly classified a significantly greater
proportion of students than did the Western Electric 4-C
Test, scored with the Gardner nethod.

18. The Purdue Modified Massachusetts Hearing Test,
scored with the tenplate nmethod, correctly classified a
significantly greater proportion of students than did the
Western Electric 4-C Test, scored with the Gardner nethod.

19. There was no significant difference between the
Purdue Modified Massachusetts Hearing Test, scored with the
tenpl ate nethod, and the Western Electric 4-C Test, scored
with the Al pha nethod, in the proportions of students cor-
rectly classified.

20. There was no significant difference between the
Pur due Modified Massachusetts Hearing Test, scored with the
tenpl ate method, and the Western Electric 4-C Test, scored
with the Beta nethod, in the proportions of students cor-
rectly classified.

21. The Purdue Modified Massachusetts Hearing Test,
scored with the Johnston nethod, correctly classified a
significantly greater proportion of students than did the
Western Electric 4-C Test, scored with the Gardner nethod.

22. The Purdue Modified Massachusetts Hearing Test,
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scored with the Johnston nethod, correctly classified a
significantly greater proportion of students than did the
Western Electric 4-C Test, scored with the Al pha net hod.

23. There was no significant difference between the
Purdue Modified Massachusetts Hearing Test, scored with the
Johnston nmethod, and the Western Electric 4-0 Test, scored
with the Beta nethod, in the proportions of students cor-
rectly classified.

24. The Purdue Modified Massachusetts Hearing Test,
scored with the Johnston nethod, discovered a significantly
greater proportion of the students having an inpairnent of
hearing than did the Western Electric 4-C Test, scored with
t he Beta nethod.

25. The Purdue Modified Massachusetts Hearing Test,
scored with the Johnston nethod, discovered a significantly
greater proportion of the students having an inpairnment of
hearing than did the Western Electric 4-C Test, scored with
t he Al pha et hod.

26. There was no significant difference between the
Purdue Modi fied Massachusetts Hearing Test, scored with the
Johnston nmethod, and the Western Electric 4-C Test, scored
with the Gardner nethod, in the proportions of students

havi ng hearing | osses which were discovered.
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CONCLUSI ONS

The Purdue Modified Massachusetts Hearing Test, scored
with either the Johnston or tenplate method, proved to be
en efficient and valid instrunent. The Purdue Modified
Massachusetts Hearing Test, scored with the Johnston nethod,
correctly classified a significantly greater proportion of
students than did the Purdue Modified Massachusetts Hearing
Test, scored with the tenplate nethod. In actual practice
it is recommended that the Johnston nmethod of scoring be
used since it proved to be not only nore efficient and valid,

but also nore rapid than the tenpl ate nethod.

The Beta nethod of scoring the Western Electric 4-C
Test was nore efficient and valid than either the Gardner
or Al pha nethod. The Western Electric 4-C Test, scored
with the Beta nmethod, correctly classified a significantly
greater proportion of students than did the Western El ec-
tric 4-C Test, scored with either the Gardner or Al pha
met hod. The increase in cutting score fromnine and 12 db,
as in the Gardner nethod, to 21 db, as in the A pha and
Beta nmethods, resulted in a nore efficient test, in Newby's
sense, but not as many pupils with hearing | osses were de-

t ect ed.

The Purdue Modified Massachusetts Hearing Test, scored

with the Johnston nmethod, correctly classified a
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significantly greater proportion of students than did the
Western Electric 4-C Test, scored with the Gardner nethod.
However, there was no significant difference between the
Purdue Modi fied Massachusetts Hearing Test, scored with the
Johnston nethod, and the Western Electric 4-C Test, scored
with the Gardner nethod, in the proportions of students

havi ng hearing inpairnments which were discovered.

The Purdue Modified Massachusetts Hearing Test, scored
with the Johnston nmethod, correctly classified a signifi-
cantly greater proportion of students than did the Western
Electric 4-C Test, scored with the Al pha nethod. Al so,
the Purdue Modified Massachusetts Hearing Test, scored
with the Johnston nethod, discovered a significantly greater
proportion of students who had an inpairnment of hearing
than did the Western Electric 4-C Test, scored wth the

Al pha net hod.

There was no significant difference between the Purdue
Modi fied Massachusetts Hearing Test, scored with the John-
ston nethod, and the Western Electric 4-C Test, scored with
the Beta nmethod, in the proportions of students correctly
classified. However, the Purdue Modified Massachusetts
Hearing Test, scored with the Johnston nethod, discovered
a significantly greater proportion of the students who had
an inpairnment of hearing than did the Western Electric 4-C

Test, scored with the Beta nethod.
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A good hearing test should: (a) correctly classify a
| arge proportion of the sanple tested; and (b) discover a
| arge proportion of the sanple having an inpairnment of
hearing. The Purdue Modified Massachusetts Hearing Test,
scored with the Johnston nethod, nmet both of these criteria
satisfactorily. No single nethod of scoring the Western
El ectric 4-C Test was able to match the performance of the
Purdue Modified Massachusetts Hearing Test, scored with the

Johnston nethod, on both of these criteria.
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