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UNITED STATES PATENT OFFICE 
2,510,480 

SYSTEMAND METHOD FOR FITTING 
BEARNG ADS 

Carl E. Rudiger, Hawthorne, N. Y., assignor to 
Sonotone Corporation, Elmsford, N. Y., a cor 
poration of New York 

Application September 22, 1945, Serial N6. 618,029 
(C. 179-107) 4 Claims. 

1 
This invention relates to systems and methods 

for fitting hearing aids; and it has among its 
objects a novel and effective system on the basis 
of which the audiometric measurement of the 
hearing loss of a deafened person makes it p0S 
Sible to determine which of a minber of re 
ceivers of known performataee and freeuency re 
sponse characteristics, and, in eombination with 
the receiver, which of several tone control sets 
tings of any available hearing aid amplifier SyS, 
tems will be most suitable to cempensate for the 
hearing deficiencies of the user. 
The foregoing and other objects of the inven 

tion will be best understood fron the following 
description of exemplifieations thereof, reference 
being had to the accompanying drawings whereira 

Fig. 1 is an audiogram of a hard of hearing 
person whose hearing impairment is representa 
tive of the predominantly nerve type; 

Fig. 2 is an audiogram of a hard of hearing 
person whose hearing impairment is representa 
tive of the predominantly obstructive type; 

Fig. 3 is a curve diagram showing the fre 
queney respense characteristics of a series of 
different receivers with which a given hearing 
aid annplifier eircuit is designed to operate; 

Figs. 4 to 7, inclusive, show the overall fre 
quency response of one type of commercial hear 
ing aid when operating in combination with the 
four different types of receivers, the character 
isities of which are shown in Fig. 3; 

Fig. 8 is a plan view of a slide seale designed 
for cooperation with audiograms of the type 
shewn in Figs: 1 and 2 for indicating which ea. 
of the individual having the hearing impairnent 
shown in such audiogram. Sheld preferably be 
fitted with a hearing aid receiver, and whather 
he would preferably use an air conduction re 
ceiver Or a bone conduction receiver; 

Fig. 8A is an end view of the slide scale of 
Fig. 8; 

Fig. 9 is a pian view of a chart designed for co 
operation with an audiogram of the type shown 
in Figs. 1 and 2 for indicating which of the re-i 
ceivers, the characteristics of which are shown 
in Fig. 3, and which tone eontrol setting of a 
hearing aid amplifier having the overall response 
characteristies shown in Figs. 4 to 7, will provide 
best compensation for the given hearing impairs 
ment; 

Fig. 10 is a part of the audiogram of Fig. 1 
with a part of the chart of Fig. 9 Superimposed 
thereoni; 

Fig. 11 shows a part of the audiogram of Fig. 2 
with a part of the ekiart of Fig. 9 Superirhpósed 
Öin it; 
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2 
Fig. 12 is a plan view of a chart designed for 

cooperation with an audiogram of the type shown 
in Figs. and 2 for indicating which types of 
sounds the user will have difficulty in hearing. 

Referring to Fig. 1, which is a typical audio 
gram of a person suffering from a predominantly 
nerve-type hearing impairment, full-line curve 
2 indicates the overall hearing loss for the right 
ear; and full-line curve 22 indicates the overall 
OSS for the left ear, both measured with a stand 
ard audiometer and a standard air conduction 
receiver, while dotted-line curves 2-f and 
22- show the loss in hearing for bone conduc 
tion for the right and left ears, respectively, when 
measured. With a standard audiometer and 
equipped with a standard bone conduction re 
ceive. 
In erder to provide a person of defective hear 

ing with an effective hearing aid, its amplifying 
characteristics should be such as to compensate 
for the loss indicated in the audiogram, without 
Subjecting him to undesired nervous reactions 
or Eiring him. The Overal amplification and 
frequency response characteristics of a hearing 
aid are determines by the integrated response 
characteristies of the microphone, amplifier and 
the receiver and the different tone controls 
usually provided in the amplifier. 

the frequeracy response curves of Fig. 4 show 
the overall respense characteristics of a stand 
ard commercially-available hearing aid equipped 
with an air conduction receiver having the fire 
stency response characteristicS shown by curve 
9-L of Fig. 3. In the curves of Fig. 4, the 

upper full-line curve 3-A represents the over 
all frequency response of the hearing aid with its 
receiver referred to above when its tone setting 
is set te give the maximum overall amplifica 
tion. The hearing aid in question has a tone 
control which makes it possible to cut its low 
frequency response over a continuous range ex 
tending over six principal settings A, B, C, D, E, 
and F, respectively, curve 3 - F of Fig. 4 repre 
senting the overall frequency response of this 
hearing aid receiver combination with the tone 
control set for the setting Fin which the low fre 
e3eney response is cut to a maximum. 

En Fig. 5, the two analogous curves 32-A, 32-F 
represent the overall response of the same hears 
ing aid in combination with a receiver having 
the frequency response C-W of Fig. 3. 
In Fig. 6; the two analogous curves 33-A, 

33-F represent the overall response of the same 
hearing aid in combination with a receiver hav 
ing the frequency response f--H of Fig. 3; 

In Fig. 7, the two analogous curves 34-A, 



2,510,480 
3. 

34-F represent the overall response of the same 
hearing aid in combination with a receiver haW 
ing the frequency response O-HH of Fig. 3. 
A hearing aid designed to operate with overall 

response curves and tone controls of the type re 
ferred to above is described in U. S. Shapiro Pat 
ent 2,327,320. 

If now, a person having a hearing impairment 
of the type shown in the audiogram of Fig. 1, is 
to be fitted with a hearing aid having the re 
sponse characteristics of the type shown by the 
curves of Figs. 3 to 7, the slider scale arrange 
ment of Fig. 8 is employed to determine first, 
which ear is to be fitted, and second, whether 
air conduction or bone conduction receivers are 
to be employed. The slide scale of Fig. 8 has two 
relatively movable slide members 4, 42. Slide 
member 4t is shown provided with a main Scale 
4 - which is a replica of the hearing loss Scale 
of the audiogram charts in connection with which 
they are used, such as shown in Figs. 1 and 2. 

In the chart of Fig. 1, the line of zero hearing 
loss, that means the line of normal hearing, 
is shown at the top of the chart, and the hearing 
loss is indicated in decibels. In the slide Scale 
4-, the zero indication of the hearing loss is 
at the bottom of the scale. 
A part of the main scale 4- of slide men 

ber 4 has an additional region mark 4-2 
which serves as the ear selector mark and is SO 
placed thereon that when the zero line of its 
scale 4 - is placed over the audiogram chart 
of Fig. 1, opposite the air-conduction threshold 
of hearing of the poorer ear of the given indi 
vidual, at a selected portion of the speech fre 
quency spectrum corresponding to average hear 
ing, such as about 1500 cycles per second 
(C. P. S.), and part of the scale 4 - extending 
above the ear selector region mark 4-2 over 
laps or crosses the zero line of the audiogram, it 
is preferable that the hearing aid should be fitted 
to the other ear which has a lesser hearing loSS. 
The region mark 4-2 corresponds, in effect, to 
an indication that if the air-conduction hearing 
loss of the poorer ear is greater than indicated 
by the region mark 4-2, it is better to fit a 
hearing aid to the better ear because fitting the 
better ear will give greater benefits, taking into 
account the distance-range of hearing, the 
servicing of the instrument and economy. 

For the particular instrument in connection 
with which the system here described has been 
designed, it has been found that if the air-con 
duction loss of the poorer ear at 1500 C. P. S. is 
greater than 70 decibel it is preferable to fit the 
instrument to the better ear. Thus, if the side 
scale 4 - is applied to the audiogram of Fig. 1, 
with the zero mark of slide scale 4 - opposite 
the point of the air-conduction threshold of hear 
ing of the poorer ear shown by curve 22 at 1500 
C. P. S., the region mark 4-2 of scale 4- will 
be below the Zero line of the audiogram and this 
will be an indication that the better ear, which, 
in the present case, exhibits only a hearing loss 
of about 60 db. at this frequency, is to be fitted. 
The Use of the sider scale -- With its ear 

selector mark 4-2 is simplified by making it of 
transparent sheet material so that when it is 
placed over an audiogram such as shown in Figs. 
1 and 2, the audiogram curves and data are vis 
ible. Furthermore, the entire upper part of the 
slider scale 4-1 extending above the region 
mark 41-2 is given a distinguishing color, indi 
cated by the slanted dash shade lines so that the 
colored transparent upper part of the scale 4 
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shall serve as the ear selector region mark 4-2. 
As indicated in Figs. 8, 8A, the transparent 

slider member 4 is shown arranged as a guide 
for the other slide member 42, which is likewise 
made of transparent sheet material. The other 
slide member 42 has a scale 42-f which is shorter 
than the scale - of the other slider, and is so 
related thereto, that the full length of Scale 
42- indicates the maximum bone conduction 
loss of hearing at which an individual could be 
effectively fitted with the particular type of bone 
conduction instrument, the full length of the 
other scale - of the other slide member 4 
representing the maximum air-conduction loss 
of hearing at which an individual could be fitted 
with an air-conduction instrument. The slide 
scale 2- has a graduation corresponding to the 
graduation of the main hearing loss scale 4 
of the slide member 4, the spaces between the 
graduation marks of scale 42-i or its divisions 
being proportionately reduced. 
The two slider members f. , 42, with their scales 

is -., 42- serve to determine whether the ear 
which is to be fitted will be better served by air 
conduction or bone conduction. To this end, 
the Zero line of the scale 42-I of slider 42, or the 
slider part, extending below the zero line of scale 
52-, and shown by the area, with the slanted 
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dash shade lines 2-2, serves as the bone conduc 
tion selector region mark, so that when the scale 
A 2-2 is placed over the audiogram with a gradua 
tion of its scale corresponding to the air conduc 
tion loss of hearing on the Zero line of the audio 
gram at the average hearing frequency, such as 
1500 C. P. S., and the bone conduction threshold 
of hearing of the ear which is to be fitted falls 
below the Zero mark Of Scale 42- or Within the 
area of the bone-conduction selector region 
42-2, this is an indication that the user should 
be fitted with an air-conduction instrument. 
When using a slider arrangement of the type 

described in connection with Figs. 8, 8A, one 
may proceed, in connection with the case repre 
sented by the audiogram of Fig. 1, as follows: 
Having previously determined that the better 

ear of the individual should be fitted, the Zero 
mark of slide Scale - is placed over the audio 
gram chart of Fig. 1, the curve of the air con 
duction threshold of hearing 2 of the ear which 
is to be fitted at the frequency of his average 
hearing ability, at about 1500 C. P. S. After 
noting on Scale - of Slide member 4 crosses 
the zero line of the audiogram at 58, the other 
Slide renber 2 is moved till its scale likewise 
crosses the Zero line at the same numerical indi 
cation, namely, 58. This is indicated in Fig. 1 
by Superimposing thereon parts of the two scales 
fl-, A2-, in the alignment just described. 

If now, the bone conduction selector mark 
42-2 of scale 42-2 is intersected by the curve 
of the One-gonduction threshold curve 2-f 
of the ear which is to be fitted, then this is an 
indication that air conduction should be fitted, 
the hearing loss being primarily of the nerve 
type rather than of the obstructive type. In 
general, these scales help to determine whether 
the bone conduction loss is so great in relation 
to the air conduction loss as to indicate that it 
is better to fit the ear in question. With an air 
conduction instrument. 
By using the slide scale arrangement in an 

analogous manner in connection with audiogram 
chart of Fig. 2, it may be readily determined that 
in that case likewise the better ear is to be fitted. 
Furthermore, by adjustably setting the two slide 
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Sales 4-, 42-f on the audiogram data of 
Fig. 2 in the manner just described in connection 
with Fig. 1, it will be found that bone conduction 
Selector mark '32-2 of the slide member 42 not 
crossed by the bone-conduction threshold line 
curve 24-ft of the better ear which is to be fitted, 
indicating that the user should be fitted with a 
bone conduction instrument. 

Summarizing, the sider scale of the type de 
scribed above in connection with Eigs. 8 and 8A 
and designed to form part of a system for fitting 
hearing aid instruments of predetermined com 
ponent and overal performance characteristics 
in accordance with the hearing OSS of the user, 
as indicated by audiometric curyes of a hearing 
aid "On an audiogram chart having a frequency 
scale and a hearing loss Scale, embodies the foll 
towing important features: 
One slider scale member is a scale correspond 

ing to the loss scale of it:e audiogram chart and 
an ear Selector mark is So placed on its loss scale 
that when this scale member is placed in a pre 
determined position on the audiogram chart, the 
relationship of the Selector nark to the curve 
data of the audiogram chart will indicate whether 
the hearing aid instrument is to be fitted to the 
better ear or to the poorer eart of the Eiser. 
The sider Scale has an additional Slider scale 

member having a scale shorter than the hearing 
loss Scale of the audiogram, so correlated to the 
performance characteristics of the instrument of 
the hearing aid and the audiometric carves of the 
audiogram chart, that when this scale member 
is placed in a predetermined position. On the 
audiogram chart, the relationship of the elements 
of the additional Scale to the curve data of the 
audiogram chart will indicate whether the Eser 
is to be fitted with a hone conduction instrument 
or an air conduction instrinent. 
The two Slider Scale migmbers are trade of 

transparent sheet material so that they may be 
superimposed on the audiogram chart without 
obscuring the data, of the audiogram chart, and 
One slider is movabie to the other sider member 
so that the Scales of the two shider members may 
be correlated to each other and to the data of 
the audiogram chart for determining Whether 
the hearing aid is to be fitted to the better ear 
or to the poorer ear of the user as well as to 
indicate whether the user is to be fitted with a 
bone conduction instrument or an air conduction 
instrument. 

In order to make it possible to determine, with 
a hearing aid anpifier instrument having tone 
controls of the type described above, which of 
the various receivers and which tone controls 
should be used, there is provided an additional 
fitting guide shown in Fig. 9. This fitting guide 
is likewise made of a plastic transparent sheet 
membia; so that when it, is :Superin posed on the 
audiogram, its ciryas and markings Will be clear 
ly se3n. The chart of Fig. 9 has a vertical line 
corresponding to the 59?)-cycle line of the audio 
grain, and 2,16ther vertical line corresponding to 
the 2300-cycie line of the audiogram. It has 
been fond that the region between the two 
fracuencies is a good criterion for determining in 
a general ranner which type of instrument and 
what type of controls will fit best, or Will com 
pensate best for the hearing impairment, of the 
Ser. 
In other words, the two lines marked 500 and 

2000 of Eig. 9 correspond to the adjacent bound 
aries of the frequency range which it has been 
found practical to use for determining the in- 5 
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6 
strument and the type of controls which are 
likely to best fit the user. The lower frequency 
boundary line, in the present case, the line .500, 
has thereon a window mark 53 which is to be 
placed on the corresponding frequency, line of the 
audiogram of the individual, on the threshold 
point of the air conduction loss curve for bone 
conduction loss curve, depending on whether he 
has to be fitted with an air or bone conduction 
instrument. In the case shown, the lower bound 
ary line is the 500 cycle line, and when used in 
Gongnection with the audiogram of Fig. 1, the 
window mark 53 is placed over the threshold 
curve 2 at the 500 cycle frequency. 
The two divergent lines 54, 55 extending from 

the window mark 53 of the chart of Fig. 9 are so 
placed thereoia as to provide boundary lines be 
tween cases of hearing loSS as shown in the:audio 
grams requiring instruments which provide pre 
dominant amplification in the low frequency 
range or in the high frequency range or requiring 
more or less uniform amplification over the en 
tire frequency range. Thus, the boundary line 
5 is the lower bougdary line for the audiogram 
area, requiring iow frequency amplification, the 
boundary line -55 is the upper boundary line for 
the audiogram area, requiring high frequency 
aInplification, while the audiogram area extend 
ing between the two boundary lines 54, 55 defines 
the region best served by substantially uniform 
overal amplification. 

In tha region of the chart of Fig. 9 extending 
between the tyo frequency boundary lines 5A, -52, 
thase are shown two vertical columns of legends 
indicating the type of receive;rs that are to be 
fittad. In the case shewn, the cokutian headed 
by tie ihark A indicates the different types of air 
conditiction receivers and the column headed by 
tire isnark 8 indicates the different types of bone 
coil diction recisivers. iThere is also shown in the 
chart ain additional nark heading the tone 
controls of the different instruments which are 
to be fitted. 

Fig. 18 which contains the threshold curve 2 
of the audiograin of Sig. 1 has superimposed 
thereon the nark lines of Fig. 9 to indicate how 
the particular user will be fitted invith a hearing 
aid by the indications in the chart of Fig. 9. It 
Will be seen that Since the threshold line. 2 is 
bec; the curve 55, he inay be fitted with an air 
ood!:ction receiver -W and an instrument 
With a tone control setting C corresponding to 
the instruments ains tona control settings de 
Scried above ira coalection. With the charts of 
Figs. 3 to 7. 

Fig. ili is as a 1:diogram corresponding to the 
at diografx3 of Fig. 2, but showing -only the loss 
cliye 25-4 of the ear irrhich is to be fitted, and 
it has chart masks of Fig. 9 Sixperimposed there 
on. As indicated thereon, since the threshold 
curve 2.É.-- is between the houndary lines 54, 55 
of the fitting chart of Fig. 9, the ear should be 
fitted with a boile consiliction ingtrulineat 2-W 
and an is stilisinent with a toyae setting 49-). 

In other words, in using the chart of Fig. 9, its 
Yinggist n. 3 is placed-6Ver the 590-cycle point 
of the th erve of the ear and type of 
hearing Wh to be fitted. If the threshold 
cave Of 39a extends above the botandary 
line 54, the gar will be fitted either with an air 
conduction or boyae conduction institument indi 
cated ahetre the bounday line 54 and with a tone 
control likewise indicated above the boundary 
line 54, 

If the threshold crye of hearing of the ea. 
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which is to be fitted extends between the tWO 
boundary lines 54, 55 of the chart of Fig. 9, it is 
to be fitted either with an air conduction re 
ceiver or a bone conduction receiver of the type 
indicated between the boundary lines 54, 55 and 
with an instrument having a tone control Setting 
likewise indicated between the boundary lines 53, 
55. It will be noted that under column A of air 
conduction receivers, there is the legend O-I 
over 0-W in the area between the two boundary 
lines 54, 55. This indicates that the particular 
person may be fitted either with a receiver hav 
ing the response curve O-T of Fig. 3 or with 
a receiver having a response curve -W of 
Fig. 3. 

If the threshold curve extends below the 
boundary line 55, then the user should be fitted 
either With an air conduction receive or a bone 
conduction receiver indicated on chart 9 by the 
legend below the boundary line 55 and by an in 
strument having tone controls likewise indicated 
on the chart of Fig. 9 below the boundary line 55. 
The chart of Fig. 9 also shows an additional 
boundary line 55 which is lower than the bound 
ary line 55 to indicate that if the threshold of 
hearing of the ear to be fitted extends below the 
line 56, it should be fitted with receivers and 
tone settings indicated by the legends below 
line 56. 
Summarizing, the fitting chart described above 

in connection with Fig. 11, is designed for co 
operation with audiogram charts showing the 
hearing loss of the user, of the type described in 
connection with FigS. and 2 and has aligning 
data, which makes it possible to align the chart 
with the data of the audiogram, the fitting chart 
being made of transparent material So that When 
it is Superimposed on the audiogram the audio 
gram data, and curves are not obscured by it. 
The fitting chart has a plurality of boundary 
lines and instrument data. So correlated to the 
performance characteristics of the component 
parts and the overall performance of the instru 
ment data, associated with the boundary lines 
and arranged for cooperation with the data of 
the audiogram chart, so that the relationship of 
the audiometric curve elements of the ear Which 
is to be fitted, as shown in the audiogram chart, 
to the boundary lines of the fitting chart, indi 
cates which combination of instrument corn 
ponents and instrument settings will best fit the 
needs of the user. 
The chart of Fig. 12 has likewise formed there 

on a boundary outline corresponding to the 
boundary outline of the audiogram, having there 
on an area, indicated by dash lines 6, the level 
and frequency region of unvoiced consonants 
of speech, an area, indicated by a dash-dot line 
62, the level and frequency region of Voiced con 
sonants of speech, and an area indicated by the 
dash double-dot line 63, the level and frequency 
region of the vowel sounds of Speech. By placing 
such transparent outline chart of the type shown 
in Fig. 12 on an audiogram, it is possible to de 
termine at a glance what type of Speech Sounds 
the person having a particular type of impair 
ment, as indicated by his threshold curve corre 
sponding to curve 2 of Fig. 1, and that he will 
partially hear the vowel sounds and Voiced con 
sonants. 

Similarly, by placing the chart of Fig. 12 over 
the audiogram of Fig. 2, it will indicate that only 
the vowel sounds will be heard by a perSon haW 
ing a hearing loss as represented by air con 
duction threshold 24 in Fig. 2, but he will not hear 
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8 
the voiced consonants or the unvoiced consonants 
of Speech. 

It will be apparent to those skilled in the art 
that the novel principles of the invention dis 
closed herein in connection with specific exem 
plifications thereof will suggest various other 
modifications and applications of the Sane. It 
is accordingly desired that in construing the 
breadth of the appended claims they shall not 
be limited to the specific exemplifications of the 
invention described above. 

I claim: 
1. In a system for fitting hearing aid instru 

ments of predetermined component and overall 
performance characteristics in accordance with 
the hearing loss of the user as indicated by audio 
metric curves of the threshold of hearing on an 
audiogram chart having a frequency Scale and a 
hearing loss scale: a scale member of sheet ma 
terial provided with a transparent scale region 
having a, complementary scale corresponding to 
the IOSS Scale of the chart; and an ear Selector 
mark so placed on the complementary scale of 
the scale member that when the Scale renber is 
placed in a predetermined position on the chart, 
the relationship of the selector mark to the curve 
data, of the chart will indicate whether the hear 
ing aid is to be fitted to the better ear or to the 
poorer ear of the user. 

2. In a system for fitting hearing aid instru 
ments of predetermined component and overall 
performance characteristics in accordance with 
the hearing OSS of the user as indicated by audio 
metric curves of the threshold of hearing on an 
audiogram chart having a frequency Scale and a 
hearing loss scale: a scale member of sheet ma 
terial provided with a transparent scale region 
having a complementary scale shorter than the 
loss Scale of the audiogram and a graduation SO 
correlated to said performance characteristics and 
the audiometric curves that when Said Scale men 
ber is placed in a predetermined position on the 
audiogram chart the relationship of the eleinents 
of the complementary Scale to the data, of the 
audiogram chart will indicate whether the user 
is to be fitted with a bone conduction instrument 
or an air conduction instrument. 

3. In a systern for fitting hearing aid instru 
ments of predetermined component and overal 
performance characteristics in accordance with 
the hearing loss of the user as indicated by audio 
netric curves of the threshold of hearing Oil an 
audiogram chart having a frequency scale and a 
hearing loss Scale: slider scale means having tWO 
relatively movable slider members of sheet ma 
terial each having a transparent region; the 
transparent region of one slider member hav 
ing a first scale corresponding to the loSS. Scale 
of the chart; and an ear selector nark so placed 
on said loss scale that when the slider is placed 
in a predetermined position on the chart the rela 
tionship of the selector mark to the curve data, 
of the chart will indicate whether the hearing 
aid is to be fitted to the better ear or to the poorer 
ear of the user; the transparent region of the 
other slider member having a second scale shorter 
than the first scale and a graduation SO correlated 
to said performance characteristics and the 
audiometric curves that when said other Slider is 
placed in a predetermined position on the audio 
gram chart the relationship of the elements of 
the second scale to the data of the audiograin 
chart Will indicate Whether the user is to be fitted 
with a bone conduction instrument or an air con 
duction instrument. 
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4. In a system for determining the effect of the 
hearing loSS of a deafened perSon on his percep 
tion of speech: an audiogram chart having a fre 
quency Scale and a hearing loSS Scale for indicat 
ing thereon by an audiometric hearing-loss curve 
the threshold of hearing of a person, and in con 
bination therewith an additional chart of trans 
parent sheet material having aligning indica 
tions for aligning the additional chart with the 
Scales of the audiogram chart, said additional 
chart having a plurality of different boundary 
lines bounding areas corresponding to the level 
and frequency distribution of unvoiced consonants 
of speech, of voiced consonants of Speech and of 
vowel sounds of speech, said different boundary 
lines being arranged so that when the additional 
chart is superposed over an audiogram chart, 
the relation of the hearing-loss curve to said dif 
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ferent boundary lines indicates whether the per 
Son has difficulty in hearing the unvoiced con 
S.Onants, the voiced consonants and the Vowel 
Sounds. 

CARL E. RUDIGER. 
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