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1 ‘

This invention relates to systems and methods
for fitting hearing aids; and it has among its
objects & novel and effective system on the basis
of which the audiometric measurement of the
hearing loss of s deafened persen makes it pos-
sible to determine whiech of a mumber of re-
ceivers of known performanee and fregquency re-
spense characteristics; and, in eombination with
the receiver, which of several tone control set-
tings of any available hearing aid amplifier sys«
tems will be most suitable te. compensate for the
hearing deficiencies of the user.

The foregoing and other objects of the inven-
tion will be best understood frem the following
deseription of exemplifications thereof, reference
being had to the accompanying drawings wherein

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

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

Fig. 8 is a curve diagram showing the fre-
quenecy response charaeteristics of a series of
different receivers with which a given hearing
aid amplifier eircuit is designed to operate;

Figs. 4 to 7; inelusive; show the overall fre-
gueney response of one type of commercial hear-
ing aid when operating in combination with the
four different types of receivers; the character-~
isties of which are shown in Fig. 3;

Fig. 8 is a plan view of g slide seale designed
for ecooperation with audiegrams of the type
shown in Figs: 1 and 2 for indicating which ear
of the individual having the hearing impairment
shewn in such audiogram sheuld preferably be
fitted with o hearing aid receiver; and whether
he would preferably use an air conduction re=
ceiver or a hone conduection receiver;

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

Fig. 9 is o plan view of a ehart designed for co-
operation with an audiogram of the type shown
in Figs. 1 and 2 for indicating which of the re=
ceivers; the characteristics of which are shown
in Fig: 3, and which tone control setting of a
hedring aid amplifier havirg the overall response
chirdeteristics shown inx Figs. 4 to 7, will provide
best comperisation for the given hearing impair=
ment;

Pig. 10 is a part of thé gudiogram of Fig. t
with a bart of the chart of Fig. 9 supetimpoSed
thereomn;

F'?‘ig’. 11 §h6WS a bart of the dudiogram of Fig. 2
with a part of the chart of Fig; 9 Superimipésed
6n it;
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Fig: 12 is a plan view of a chart designed for
cooperation with an audiogram of the type shown
in Figs: 1 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 g person suffering from a predominantly
nerve-type hearing impairment; full-line curve
21 indicates the overall hearing loss for the right
ear; and full-line curve 22 indicates the everall
loss for the left ear,; both measured with a stand-
ard audiometer and a standard air conductien
reeeiver, while dotted-line curves 21—If and
22—1 show the loss in hearing for bone condue-
tion for the right and left ears, respectively, when
measured with a standard audiometer and
equipped with a standard bone conduction re-
ceiver.

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 less indicated in the audiogram, withouk
subjecting him to undesired nervous reactions
or tiring him. The overall amplification and
frequeney response charaeteristics of a hearing
aid are determined by the integrated response
characteristies of the microphone; amplifier and
the receiver and the different tons controls
usttally provided in the amplifier.

The frequency response curves of Fig. 4 show
the overall response characteristics of a stand-
ard commercially-available hearing aid equipped
with an air eonduction receiver having the fre-
aguency response characteristics shown by curve
18—I: 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 to give the maximum overall amplifica-
tion: The hearing aid in question has a tone
control which makes- it possible to cut its low
freguency response over. g continuous range ex-
tending over six principal settings A, B; C; D; E,
and F; respectively; curve 31—F of Fig. 4 repre-
senting the overall frequency response of this
hearing aid receiver combination with the tone
control set for the setting F in which the low fre-
quency response is cut t6 a maximum.

In Fig: 5, the two analogous curves 32—A, 32—F
represent the oeverall response of the same hear=
ing aid in combination with a receiver having
the frequenecy response 18—W of Fig. 3.

T Fig: 6; the two analogous curves 33-—A,
33=F represent the overall response of the same
héaring aid in cdombination with a receiver hav-
ing the frequency response [0-<I of Fig: 3.

In Fig: 7, the two analogous curves 34—A;
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34—F represent the overall response of the same
hearing aid in combination with a receiver hav-
ing the frequency response |80—HI of Fig. 3.

A hearing aid designed to operate with overall
response curves and tone controls of the type re-
ferred to above is deseribed 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. 8 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 2(, 42. Slide
member 41 is shown provided with a main scale
&1—1 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
41—, the zero indication of the hearing loss is
at the bottom of the scale.

A part of the main scale #i—1{ of slide mem-
ber 41 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 41—{ 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. 8), and part of the scale 41— extending
above the ear selector region mark 41—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 41—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 41—2, it is better to fit a
hearing aid to the better ear because fitting the
better ear will give sreater 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 voorer ear at 1500 C. P. 8. is
greater than 70 decibel it is preferable to fit the
instrument to the better ear. Thus, if the slide
scale 41—1 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 80 db. at this frequency, is to be fitted.

The use of the slider scale 41—! with ifs ear
selector mark 81{—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 41—{ 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 41—1
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shall serve as the ear selector region mark 4{—2.
As indicated in Figs. 8, 8A, the transparent
slider member 41 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—{ which is shorter
than the seale &{—1{ of the other slider, and is so
related thereto, that the full length of scale
421 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 84— of the other slide member 41
representing the maXimum air-conduction loss
of hearing at which an individual could be fitted
with an air-conduction instrument. The slide
scale 42—1 has a graduation corresponding to the
graduation of the main hearing loss scale &1—I
of the slide member 41, the spaces between the
graduation marks of scale 42—1 or its divisions
being proportionately reduced. ‘
The two slider members &1, 42, with their scales
A1—1, 421 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—1 of slider 42, or the
slider part extending below the zero line of scale

42—, and shown by the area with the slanted
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dash shade lines A2—2, serves as the bone condue-
tion selector region mark, so that when the scale
£22 is placed over the audiogram with a gradua~-
tion of its scale corresponding to the air conduce-
tion loss of hearing on the zero line of the audio-
sram at the average hearing frequency, such as
1500 C. P. 8., and the bone conduction threshold
of hearing of the ear which is to be fitted falls
below the zero mark of scale 42—1 or within the
area of the bone-conduction ' selector region
222, this is an indication that the user should
be fitted with an air-conduction instrument.

When using a slider arrangement of the type
deseribed in connection with Figs. 8, 8A, one
may procesad, 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 A1—1 is placed over the audio-
gram chart of Fig. 1, the curve of the air con-
duction threshold of hearing 21 of the ear which
is to be fitted at the frequency of his average
hearing ability, at about 1500 C. P. 8. After
noting on scale 41—! of slide member 4! crosses
the zero line of the audiogram at 58, the other
slide member 42 is moved till its scale likewise
crosses the zero line at the same numerical indi-
cation, namely, B2, This is indicated in Fig. 1
by superimposing thereon parts of the two scales
A1—1, 42— in the alignment just described.

If now, the bone conduction selector mark
42—2 of scale £2—2 is intersected by the curve
of - the hone-econduction threshold curve 21—1
of the ear which is to be fitted, then this is an
indication that air eonduction should he fitted,
the hearing loss being primarily of the nerve
type rather than of the obstructive type. In
general, these scales helo 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 seale arrangement in an
ahalogous 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.
Purthermore, by adjustably setting the two slide
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soales ‘4i—1, -42—{ on the mudiogram -data :of
Fig. 2 in the manner just described in connection
with Fig. 1, it will be found that bone conduction
selector ‘mark -42—2 -of the slide member 42 mot
crossed by the bone-conductien threshold line
curve 24—1-of the better :ear which-is to be:fitted,
indicating that the user.should be fitted with a
bone -conduction instrument.

‘Bummarizing, the slider scale of the type de-
scribed -above ‘in connection -with Figs. 8:and 8A
and designed to form part-of a:system for ifitting
hearing aid instruments of predetermined :com-
ponent and overall performance characteristics
in :accordance with the hearing loss -of the user,
as ‘indicated by :audiometric curves of a hearing
aid .on an audiogram chart having .a frequency
scale and a hearing loss scale, embodies the fol-
Iowing important features:

‘One slider scale member is:a scale correspond-
ing to the loss scale of tre audiogram chart and
an ear selector mark is so placed on its loss scale
that when this scale member s placed ina pre-
determined position on the audiogram chart, the
relationship of the selector mark 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 peorsr ear-of the mser.

The slider scale has an additiong] slider scale
member having a scale shorter than the hearing
loss scale -of the -audiogram, :so eorretated to the
performance characteristics of the instrument -of
the heagring 2id and the gudiometric curves of the
audiozram charf, that when this scale member
is placed in a predetermined position on the
audiogram -chart, the relationship of the etements
of the additionsl scale to the curve data.of the
audiogram chart will mdicate whether the mser
is to be fitted with a hone conduction instrument
or an air conduction instrument.

The two slider scale members are madzs 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 movable to the other slider member
so that the scales of the two stder 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 poorsr ear of the user as well as te
indicate whether the user is to be fitted with 2
bone conduction instrument or an air conduction
instrument.

In order to make it possible to determine, with
a hearing aid amplifier instrument having tone
econtrols of the typs described above;, which -of
the various recsivers and which tone controls
should be used, there is provided an additional
ftting guide shown in Fig. 9. This fitting guide
is likewise made of a plastic transpavent sheet
memkter 50 that when i% is superimpesed «on the
au:hoqr, m, its curvas anﬂ mark*nus will be clear-
lv sean. The chart of Fig, 9 has a vertical line
corresponding to the & 30~c_'c‘!e tine of the gudio-
gram, and snsbther wertical line correspending to
the 2500-c; line of the audiogram. It has
bean found that the region between the two
frecueneics is a good criterton for determining in
a general manner wizich type of instrument and
what tvpe of controls will fit best, .or will com-
pensate hest for the hearing impairmen$ of the
user.

In other words, the two lines marked 500 and
2000 of Fig. 9 correspond to the adjacent bound-
aries of the frequensy range which it has been
found practical to use for defermining the in-
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strument -and the type of controls ‘which -are
likély ‘to ‘best .fit the user. The lower frequency
boundary line, ‘in ithe present case, the line.500,
has ithereon g ‘window ‘mark ‘528 -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 ‘or hone
conduction :loss curve, depending on whether he
has to be fitted ‘with -an air -or hone conduction
instrument. In thecase shown,thelower bound-
ary ine is the 560 cycle line, and when used in
connection with the -audiogram of Fig. 1, the
window mark 53 is placed over -the -threshold
curve 24 at the 500 cycle frequency.

The two divergent lines 94, §% extending from
the window mark 53 of the chart of Fig. £ are 50
placed thereon:as to provide iboundary lines -be-
tween esses of hearing loss as shown in the:audio-
grams raguiring [instruments which provide ‘pre-
dominant amplification in the low frequency
range-or in the High freguency range or requiring.
more ‘or less uniform amplification over the en-
tire freguency range. Thus, the boundary line
BE -is the lower boundary line for the:audiogram
area, requiring jow frequency -amplification, the
boundary line -§5 {is the upper boundary line for
the gudiegram area vrequiring high ‘frequency
amplification, 'while the audiogram area extend-
ing between the two boundary lines 54, 55 defines
the region ‘best served by -substantially uniform
overall amplification.

In the region of the chart of Fig. 9 extending
between the twe freguency boundary lines 54, 52,
there are shown two vertical columns of :legends
indicating ©he type of receivers that are to-be

fitted. In the case shown, the ‘columm headed
by mark A dndicates the different types of air

conduction receivers and the column headed by
the mark B indicates the different types-of bone
conduction reesivers., There is alsoshown in the
chart 'an additional mark T heading the tone
controls of the different instruments which are
te be fitted.

Fig. 10 which contains the threshold curve -4
of the asudiogram of Fig. 1 has superimposed
thereon the mark linss -of Fig. 9 to indicate how
the parficular user will he fitted with a hearing
aid by 4he indications on the chart of ¥ig, 8. It
Wil be seen that since the threshold line 2f is

ow the curve 83, he may be fitted with an air
wetion receiver 10—W and an instrument
with 2 tons control setting C -corresponding to
the instrumenss and tons control sefiings :de-
ecrzhed_ shove in comnection with the charts of
Figs, 840 7.

Fig, 11 is an sudisgram cerrespending to the
audiogram of Fig. 2, but showing -only the loss
curve 24—14 pf the ear ich is 46 be fitted, and
it has ehart marks of Fig. 9 superimposed there-
on. As ingdicated therson, sincs the threshold
curye 26—1 is between the boundary lines 54, 55
of the f tfing chart of Fig. 9, the ear showld he
fitted with a bone condu ctxnn instrument 28--W
and an instriment with a tone s2tting 406—D.

In other wor ds, in Usmg the chart of Pig. 9, its

5 ¥ 5908-cycle point
ew‘ve of uhe -gar and type of
i3 to be fitted. If the threshold
c'rr’ra of hearing extends ahove the houndary
line 34, the ear will be fitted either with an air
conductien or bene conduction instrument indi-
cated ahave the houndsry | 58 and with a tone
eontrol likewise indicgted aboeve the bounda,ry
line 54.

If the thresheld curve of hearing of the ear




2,510,480

which is to be fitted extends between the two
boundary lines 54, §5 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 %4, 55 and
with an instrument having a tone control setting
likewise indicated hetween the boundary lines 54,
55. It will be noted that under column A of air
conduction receivers, there is the legend 10—L
over 10—W ih 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 (0—L of Fig. 3 or with
a receiver having a response curve 10—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 receiver or a bone
conduction receiver indicated on chart 8 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 58 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 58, 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. 1 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 com-
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 audiograin, having there-
on an area indicated by dash lines 81, 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 hav-
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 same. Tt
is accordingly desired that in econstruing the
breadth of the appended claims they shall not
be limited to the specific exemplifications of the
invention described above.

Teclaim:

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 g complementary scale corresponding to
the loss scale of the chart; and an ear selector
mark so placed on the complementary scale of
the scale member that when the scale member 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 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 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 mem-
ber is placed in g predetermined position on the
audiogram chart the relationship of the elements
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. i

3. 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: 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 mark sc placed
on said loss scale that when the slider is placed
in a predetermined position on the chart the rela-
tioniship 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 audiogram
chart will indicate whether the user is to be fitted
with a bone conduction instrument or an air con-
duction instrument.



2,510,480

4, In a system for determining the effect of the
hearing loss of g 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 com-
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 15 1,608,043

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-

10

10

ferent boundary lines indicates whether the per-
son has difficulty in hearing the unvoiced con-
sonants, the voiced consonants and the vowel
sounds.

CARL E. RUDIGER.
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