Masking theory in pure tone audiometry
— Systematic lectures — Part 3

Part 3 Lecture 6: Application for the Rainville method
Lecture 7: Factors that determine difficulty levels of masking

Lecture 6: Focal point

The audiometric configurations in which the apparent AC thresholds do not differ (AA gap = 0 dB)
are classified into five patterns: [5], [5°], [6], [6°], and [7].

In pattern [5] (both the true AB gaps are equal to laA and BR* = BL*), the noises higher than 60
dB HL always cause OM in both ears. Therefore, the AC and BC thresholds measured in both ears are
OM thresholds (a masking dilemma).

In pattern [6] (the right ear’s true AB gap is equal to 1aA and BR < BL* = 30 dB HTL), only the
AC plateau width of the left ear presents (Lt APW = 30 dB). Therefore, AL* of 60 dB HTL and Rt MN
of 90 dB HL are decided. At this point, Both BRO of 0 dB HTL and ARO of 60 dB HTL are proved to
be the true thresholds automatically. BL* can be obtained using the OM method:

BL* = BR* + (Rt MN — Lt MN) = 0 (dB HTL) + {90 (dB HL) — 60 (dB HL)}
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Lecture 7: Focal point

When the right and left apparent AC thresholds differ significantly (Rt AA gap = ALO — ARO > 15

dB), Rt & (= 1aA — GRO) can be represented using Rt AA gap and Lt 6 (= TaA — GLO):
Patterns [1]-[4]: Rtd=TIaA — GRO = Rt AA gap,
Patterns [1’]-[3’]: Rt 6 =TaA — GRO = Rt AA gap + Lt .

When the right and left apparent AC thresholds do not differ significantly (Rt AA gap = ALO —

ARO0 < 15 dB), Rt & can be represented using Rt AA gap and Lt &:

Patterns [5], [6], [7-0]: Rt 8 = TaA — GRO = Rt AA gap,

Patterns [5°], [6°]: Rt 6 =TaA — GRO =Rt AA gap + Lt d.
Therefore, the PWs may be reduced to formulas including the AA gap. Here, in patterns [1°], [2°], [3°],
[5°], and [6°], Lt 6 is simply shown as o.

Although the PWs cannot be established before the four elements (5, Rt SNCs, Lt SNC, and o)
have been determined, we can easily find the Rt AA and Lt AOB gaps on the audiogram without
masking. With the aid of the two factors, we may estimate the difficulty level of masking to some
extent before masking.

Plateau widths using Rt AA gaps

Patterns Rt APW Rt BPW Lt APW Lt BPW
[1],[5]: 8=0dB  (-) @) Rt AA gap Rt AA gap
[2],[6]: 6=0dB RtSNC 0dB Rt AA gap Rt AA gap
[3],[6]: 8=0dB @) @) Rt AA gap + Lt SNC Rt AA gap
[4],[7]: s=0dB ) ) Rt AAgap + Lt SNC — Rt AA gap
[I’],[5’]:6>5dB o o Rt AA gap+6 Rt AA gap +o
[2°],[6°]:6>50dB d0+RtSNC & Rt AA gap+6 Rt AA gap + 6
[3°],[6°]:6>5dB d ) Rt AA gap + 8+ Lt SNC Rt AA gap + 8

1) RtAAgap = ALO — ARO >0 dB (ARO < ALO),
2)5=Lt5=1IaA — GLO = laA — Lt AOB gap > 0 dB,
3) Rt SNC = BR* - BL* >0 dB,

4) Lt SNC = BL* — BR* >0 dB,

5) o= AL* — ALO >0 dB.
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Lecture 6: Application for Rainville’s method

In this lecture, we will reveal that when the apparent AB gap of the non-test ear is equal to laA,
masking for BC also becomes impossible. In such a case, however, if a plateau for AC is present, we
may estimate the true BC threshold in the test ear indirectly by applying Rainville’s method.

Additionally, in this lecture series, we distinguish theory from practice, and the clinical consideration
will be done in Lecture 8. However, the theoretical consideration is too far from the practice to lose the
significance of the theory itself. As Lecture 6 tends to discuss a theory for the sake of theory, we would
discuss issues of masking with the clinical significances as needed.

6.1 Masking for BC in cases where the apparent AB gap of the non-test ear is equal to
laA
(1) Cases where the apparent AC and BC thresholds in the non-test ear are both the true
thresholds
(2) Cases where the apparent BC threshold in the non-test ear is the SH threshold

6.2 Rainville’s method
(1) Masking for BC in patterns [1], [2], [1’] and [2°]
(2) The principle of Rainville’s method

6.3 Masking in cases where the apparent AC thresholds differ significantly
6.3-1 An overmaking method
6.3-2 Estimation for the true BC threshold in the better ear by AC
(1) Pattern [1]
(2) Pattern [1°]
(3) Pattern [2]
(4) Pattern [2°]

6.4 Masking in cases where the apparent AC thresholds do not differ significantly
6.4-1. Five audiometric patterns
(1) Pattern [7]
(2) Patterns needed only for BC masking
(3) Patterns needed for AC masking
6.4-2. The masking dilemma
(1) Three audiometric configurations of the masking dilemma
a) Pattern [5]: bilateral true AB gaps are equal to laA and BR* = BL*.
b) Pattern [7-1]: bilateral true AB gaps are equal to 1aA and BR* < BL*.
c) Pattern [7-2]: the true AB gap in one ear is equal to laA and the other is a complete
hearing loss.
(2) The plateau graph with no significant plateau: GRO = GLO = laA
6.4-3 Estimation for the true BC threshold: the OM method
(1) Pattern [5]
(2) Pattern [57]
(3) Pattern [6]
(4) Pattern [67]
(5) Pattern [7-0]
6.4-4 Masking procedure

6.5 Summary of Lecture 6
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6.1 Masking for BC in cases where the apparent AB gap of the non-test ear is equal to
laA

When the apparent AB gap of the non-test ear is the maximum value (e.g., GRO = laA), the true
BC threshold in the test ear cannot be determined as below.
(1) Cases where the apparent AC and BC thresholds in the non-test ear are both the true

thresholds

As shown in Fig. 6-1, the apparent AC and BC thresholds in the right (non-test) ear are the true
thresholds. That is, the apparent AB gap of the non-test ear (GRO) is equal to the true AB gap (GR¥)
and laA (GRO = GR* = laA). When masking with Nn (> AR*) in the right ear, the singular level
occurs in the left (test) ear (cf. 5.7), and masking for BC becomes impossible. Therefore, the true BC
threshold in the test ear cannot be determined.

R L R L (Test ear)

BROC|2 _|3BLO BR*C}- 2 S BLO
10 TaB| OM level [1 .
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N AR*QOf7
70 i
50 N1,
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1 KHz ARO = AR*, BR0 = BR*

Figure 6-1 Singular level

(2) Cases where the apparent BC threshold in the non-test ear is the SH thresholds
There are two cases below.
a) The apparent AC threshold in the non-test ear is the true threshold (ARO = AR*), (GRO = laA >
GR*) (Fig. 6-2 [a]).
b) The apparent AC thresholds in the non-test ear is the SH threshold (ARO < AR*), (GRO = laA >
GR¥*) (Fig. 6-2 [b]).
In these cases, what HTL in dB is the true BC threshold in the left (test) ear (BL*)?
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Figure 6-2 Cases where BRO is the SH threshold

** Further note **

*) The main abbreviations are listed. AC: Air conduction, BC: Bone conduction,
SH: Shadow hearing, CH: Cross hearing, OM: Overmasking, STH: Shadow hearing threshold,
GR*: True air-bone (AB) gap in the right ear, GRO: Apparent AB gap in the right ear,
laA: Interaural attenuation for AC signals, 1aB: Interaural attenuation for BC signals,
AL-CH level [0]: CH level for AC in the left ear without masking.
AL-CH level [1]: CH level for AC in the left ear with masking of N1

*) The apparent threshold is measured without masking.

*) In Fig. 6-2, there are no cases where ARO is the SH threshold and BRO is the true threshold.

*) In the operation of levels and quantities (amounts), each term of equality and inequality is represented as
a numerical value (cf. 2.4 [1]).
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Since the apparent BC thresholds in both ears (BRO, BL0) cannot the SH thresholds at the same
time, the apparent BC threshold in the left ear (BLO) is always the true threshold (BLO = BL*) (Fig. 6-3
[a], [b]). Therefore, the noises higher than 60 dB HL always cause OM, and the BC plateaus are not
present (Fig. 6-3 [c]). Although the singular levels do not occur in these cases, the true BC threshold in
the test ear cannot be obtained.

R L (Test ear) R L(Test ear) BLn
o o (dB HTL)
ROC 43BL* ROC|-+ 43BL* BL* —2]
e ) oM 0 [ ) om 10
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(a) (b) (c) Overmasking

Figure 6-3 BRO < BR*, BLO = BL*

In summary, when the apparent AB gaps of the non-test ear are equal to laA (cf. Fig. 6-1 and Fig.
6-3 [a], [b]), masking for BC becomes impossible. The true BC thresholds in the test ear cannot be
determined.

The basic audiogram [C-1] in Fig. 6-4 shows both the apparent AC thresholds (ARO, ALO) and the
apparent BC threshold in the right ear (BRO). The apparent BC threshold in the left ear (BLO) can be
assumed to be almost the same level as BRO. Before masking, we can estimate that masking for BC in
both ears will be difficult because the apparent AB gaps of both ears (GRO, GLO) at each frequency are
as large as the l1aA values at that frequency. Consequently, even if the true AC and BC thresholds in the
non-test ear are unknown, we can predict the difficulty level of masking.

Additionally, when the true AC and BC thresholds in both ears cannot be determined, it is a
masking dilemma, which is described later (cf. 6.4-2). The apparent AB gap of the non-test ear is one
of the factors that determine the difficulty level of masking. This will be addressed in Lecture 7.
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Figure 6-4 Basic audiogram [C-1]

** Further note **

*) In Fig. 6-3(b), the masking noise of 80 dB HL (N < AR¥) is ineffective in the non-test ear. However, it
causes OM in test ear.

*) OMT: Overmasked hearing threshold
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6.2 Rainville’s method
(1) Masking for BC in patterns [1], [2], [1°], and [2°]

As already discussed (cf. 5.8 [2]), in patterns [1], [2], [1°], and [2°], the true BC threshold in the
right, better ear by AC (BR*) needs to be obtained with masking in the left, poorer ear by AC (Fig.

6-5). ) ,

[
L R

= -
A_

In patterns [1] and [2], in which the true AB gaps of the L
left ear are equal to laA (GL* = laA), the true BC thresholds  +C}-H3+ o3+ »C|-> P+ ocf-*{3=
in the right ear (BR*) cannot be determined using BC test e = ] =
signals (cf. 5.7). " i
In patterns [1°] and [2°], when the true AB gaps of the = = =5 =5
left ear are large, that is, the difference between laA and ~ *Of"| *Of | <«off *of*
GL* is only a little (laA — GL* < 10 dB), masking for the o o D o O
right BC is difficult with regard of measurement errors. B o o i e A e
Rainville’s method is well indicated for these cases : 4 ] .
1 kHz 1 kHz 1 kHz 1 kHz

(Rainville, 1955).
[1]. [2]: Lt AOB gap = IaA (= 60 dB)

[1], [2']: Lt AOB gap <TaA (=70 dB)

Figure 6-5 Patters in which BC
masking is difficult

(2) The principle of Rainville’s method
A precondition for achieving Rainville’s method is that the true AC threshold in the test ear has
been established. Its principle is an approach to calculate the true BC threshold in the test ear indirectly
through the use of OM by BC noises. When the BC noises are calibrated in terms of the effective
masking level (cf. 2.2-1), as shown in Fig. 6-6, the maximum level of BC noise at which OM does not
occur in the right ear (Rt BMN of 20 dB HL) will be obtained. The BC noises of the level higher than
Rt BMN elevate the AC threshold in the test ear. Therefore, according to the boundary conditions, BR*
is equal to the cochlear level of Rt BMN (cf. 2.2-2, 2.3-2):
BR* =Rt BMN — 0 (dB) =20 dB HTL.
If the AC noise is used in place of the BC noise, the principle is the same (Fig. 6-7). Namely, the
cochlear level of Lt MN (OM level [MN] = Lt MN — laA) is equal to BR* (c.f. 2.3-3 [2]):
BR* = Lt MN — laA.
Here, we only know that the laA value is larger than or equal to the Lt AOB gap (laA> Lt AOB gap =
GL* = 55 dB) and thus we cannot calculate BR* with only this equation. Then, let us consider the
approach shown on the next page.

(Testea) R~ L Rt BMN (Testea) R~ L
% = 0] *
oo, =204BHL b :'BLW
10 % o
3 GL* \ % GL* Non-test ear
Rt BMN— 2’? =55g8 Testear \0 dB OM level ko =55 dB ,’
30, ! £, 4 -
: | TaA @
AR°O 4013?:& AT=) BR* —20 dB HIL AR*Q 4,? I‘-, A?,‘g \W> C)Cuchlea C) E\
50 l'\ ,é Cochlea (unknown) de k\\ Lt MN
VA= ool XAL” =80dB HL
60 | ARn 40— \ )
(@B HIL) _ 70 % ARn 40
70 50 Y .
o o \ 80 Lt MN (@HIL) S50
0 10 20 30 40 anm % :
(ABHL) y BC noise 1kHz 6 70 80 90 100
1 kHz Rt BMN (dB HL) IaA=60 dB=GL* +3§ t ACnoise

IaAA=60dB=GL*+& LtMN  (dBHL)

Figure 6-6 Principle of the Rainville method Figure 6-7 Overmasking

** Further note **

*) “Masking for the right BC” means that the masking noise is presented to the left ear to obtain the true BC
threshold in the right ear (cf. 2.4 [4]).

*) MN is the maximum level of masking noise at which OM does not occur.

*) When the BC threshold in the test ear is elevated with masking, OM occurs (cf.2.3-1).

*) In patterns [1°] and [2°], in which the AOB gaps are small (< 40 dB = min laA), N1 in the left ear is as
follows: Lt N1 = Lt Nx = (BRO + 40) dB HL. Masking for BC is easy (cf. 5.5 [2]).
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6.3 Masking in cases where the apparent AC thresholds differ significantly
6.3-1 An overmasking method
Fig. 6-8 shows the audiometric configurations with the Rt AA gap (= ALO — ARO0) of 20 dB. Let the
difference between laA and an apparent AB gap be 6 (delta):
Rt 6 = laA — GRO, Lt 5 = laA — GLO.
In pattern [1], since the true BC thresholds in both ears are the same level (BR* = BL*), both MNs
are also the same level:
Rt MN =60 dB HL, Lt MN =60 dB HL.
By contrast, in pattern [2], since BR* is 20 dB higher than BL*, Lt MN is 20 dB higher than Rt MN:
Rt MN =60 dB HL, Lt MN =80 dB HL.
Therefore, the difference between BR* and BL* (BR* — BL* > 0 dB) is equal to the difference
between Lt MN and Rt MN (Lt MN — Rt MN > 0 dB):
BR* - BL* =Lt MN — Rt MN,
.. BR*=BL* + (Lt MN — Rt MN).

Since BL* is already known (BL* = BL0), BR* can be calculated by measuring each MN. This
approach is called an overmasking method (OM method). For example, in pattern [2], BR* can be
calculated:

BR*=BL* + (Lt MN — Rt MN) = 0 (dB HTL) + {80 (dB HL) — 60 (dB HL)}
=20 dB HTL.

In pattern [1°] and [2°], when there is a small difference between 1aA and GLO (laA — GLO = Lt §;
0 dB < Lt 6 < 10 dB), masking for the right BC becomes difficult or impossible. These patterns are
also applicable to the OM method.

In this lecture series, the difference between BR* and BL* is termed a relative amount of
sensorineural component of the right ear compared to the left ear (Rt SNC):

Rt SNC = BR* — BL* = Lt MN — Rt MN (> 0 dB).
In the case in which the test ear is on the left, Lt SNC is as follows:
Lt SNC =BL* — BR* =Rt MN — Lt MN (>0 dB).
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BROC|-"{JBL0 -g-p+ og-"p* ~g-p- 'g-p-
G O L]
GrRO| [ - N E 20 N=
N = EN 3 i EX
i GLO - - El :
AR = ALOOHH 3ci'.— ‘Ci e o e ”.
EX Rt & ! Rt 6] P s 'J 2,
Rté 4 |at] - L Rt o ' Red| [,
FIXALD  meaw =dF e L My R NV e - = — K
wil FLtS - . o1 JLed ) o] prea
1 ] Rt NM = Liny  RiNM =%
li |: LN RSN = = I
- - % o0 | Ll P oY
1kHz 1kHz 1kHz 1kHz 1hHz
Rt =laA—GR0 Rt é=20dB Rt=20dB Rt 6=30dB Rt 5 =30dB
Lté=IaA—GL0O Lta=0dB Lté=0dB Ltéa=10dB Ltﬁ_=_1l]dB
R{SNC= 0dB Rt SNC=20dB RtSNC= 0 dB Rt SNC =20 dB

Figure 6-8 Difference between the right and left ear’s true BC thresholds and MN

A precondition for using the OM method is that the true AC threshold in the test ear has been
established. If the true AC threshold is not obtained, the method is not applicable. Since the apparent
AC thresholds in the right, better ear by AC, (AROs) in the patterns above are always the true
thresholds (cf. 4.2 [4]), these patterns meet the precondition. Furthermore, since ARO is the true
threshold, if the noise levels in the left ear are raised and the AC thresholds measured in the right ear
are elevated, then we can estimate that the noises cause OM.

Additionally, Lt SNC (= BL* — BR* > 0 dB) is defined when BL* > BR*. Thus, when BL*< BR*,
Lt SNC is assumed to be 0 dB.
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6.3-2 Estimation for the true BC threshold in the better ear by AC
In patterns [1], [2], [1°], and [2°], the plateau widths for AC and BC (APW, BPW) in both ears are
shown in Table 6.1 (cf. 7.2-1).
Table 6-1 Plateau widths

Rt APW Rt BPW Lt APW Lt BPW
(=RtSNC +Lt5) (=Ltd) (=Rt9) (=Rt9)
Pattern [1] not present not present 20dB 20dB
Pattern [1’] 10dB 10dB 30dB 30dB
Pattern [2] 20dB 0dB 20dB 20dB
Pattern [2’] 30dB 10dB 30dB 30dB
Rt SNC = BR* — BL* = Lt Nmax — Rt Nmax > 0 dB. Lt 6 =1aA—-GLO, Rt § = laA—- GRO.

Rt SNC: Relative amounts of sensorineural component in the right ear compared to the left ear

In these patterns, with masking in the right, better ear by AC, the true BC thresholds in the left ear
prove to be the same level as the apparent BC thresholds in the left ear (BL* = BLO). In turn, with
masking in the left, poorer ear by AC, the true BC threshold in the right ear (BR*) must be obtained.

In pattern [1], there is no plateau width for BC in the right ear (Rt BPW) (Fig. 6-9). In pattern [2],
Rt BPW of 0 dB cannot be identified (Fig. 6-11). In patterns [1°] and [2°], in which the difference
between laA and GLO (= GL*) is only 10 dB (Lt 6 = laA — GL* = 10 dB), Rt BPW of 10 dB does
present (Fig. 6-10, 6-12). However, clinically, since the plateau width of 10 dB is not significant, BR*
cannot be determined.

Therefore, in these circumstances, let us search the plateau width for AC in the right ear (Rt APW)
with masking in the left ear. If Lt MN can be obtained, then the OM method is applicable.

(1) Pattern [1] (Fig. 6-9)

No APW in the right ear presents with masking in the left ear. Since ARO is the true AC threshold
(ARO = AR*), evidently the noises cause OM. Then, Lt MN of 60 dB HL is obtained. Since Rt MN is
also 60 dB HL, Rt MN = Lt MN. This means that the true BC thresholds in each ear are the same level.
According to the OM method,

BR*=BL* + (Lt MN — Rt MN) = BL* + 0 (dB) = BL*
=0dB HTL.
(2) Pattern [1°] (Fig. 6-10)

With masking in the left ear, Rt APW can be obtained as 10 dB, which is not significant clinically.
If the noise levels are higher than 70 dB HL, the AC thresholds measured in the right ear are elevated,
i.e., OM occurs. Therefore, Lt MN is determined to be 70 dB HL. Since Rt MN is also 70 dB HL (Rt
MN = Lt MN), we can estimate that BL* = BR* =0 dB HTL.

(3) Pattern [2] (Fig. 6-11)

With masking in the left ear, Rt APW can be obtained as 20 dB, which is significant clinically; Rt
MN is 60 dB HL. Since the noises of the levels from 60 dB HL to 80 dB HL do not cause OM
(adequate masking), Lt MN is 80 dB HL. As we cannot distinguish this case from pattern [2°], the OM
method is used.

BR* =BL* + (Lt MN — Rt MN) = 0 (dB HTL) + {80 (dB HL) — 60 (dB HL)}
=20dB HTL.
(4) Pattern [2°] (Fig. 6-12)
Rt APW of 30 dB and Lt MN of 90 dB HL can be obtained with masking in the left ear.
BR* =BL* + (Lt MN — Rt MN) = 0 (dB HTL) + {90 (dB HL) — 70 (dB HL)}
=20dB HTL.

The main limitation of this approach is the low measurement accuracy. However, and most
importantly, this concept is applicable for individuals in whom apparent AC thresholds are equal
bilaterally.

Now, the theoretical consideration for masking procedure was completed in the configurations
where the apparent AC thresholds differ significantly.

** Further note **
*)Lt 6 =laA— GLO = laA— (ALO —BLO0) = laA - (ALO- BRO0) = laA— Lt AOB gap, laB = 0 dB.
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6.4 Masking in cases where the apparent AC thresholds do not differ significantly

Insignificant AA gaps are smaller than or equal to 10 dB (O, 5, or 10 dB). To simplify the
discussion, let us consider the cases with an AA gap of 0 dB (ARO = ALO).

6.4-1 Five audiometric patterns

At a given frequency, the audiometric configurations in which the apparent AC thresholds do not
differ (AA gap = 0 dB) are classified into five patterns (Fig. 6-13). The apparent AC and BC thresholds
in at least one ear are always the true thresholds.

(1) Pattern [7]

Only in pattern [7] can the apparent AC threshold in one ear (ALO) be the SH threshold, in which
case the apparent BC threshold in the same ear (BLO) is also the SH threshold. This pattern is
subdivided into three patterns (Fig. 6-14, cf. Fig. 5-28). Supposing that ALO is the SH threshold, the
true AB gap of the left ear (GL*) is as follows:

Pattern [7-0]: GR* = laA, GL* < laA,
Pattern [7-1]: GR* = laA, GL* = laA,
Pattern [7-2]: GR* = laA, the left ear is a complete hearing loss.
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P fL R 1 - 1 3
LD+ =20 CHa0  C{2+ «Cp2 {0 =30 «Cf->-po «CH-{20
10 10| 10 ] 10 ] 10 ] 10 1+ 0|
2o | L) L P L 0] 0 5 o el | Eo
E3 50 E | E 4o} EICW 0 E
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[5] - [7]: Lt AOB gap =TaA (= 60 dB) [5°], [6']: Lt AOB gap < IaA (= 70 dB) GL* =IaA GL*=IaA Lt complete hearing loss
Figure 6-13 Audiometric patterns (ARO = AL0) Figure 6-14 Subdivided patterns [7]

(2) Patterns needed only for BC masking
In pattern [5°] and [6°], in which Lt AOB gaps are small (< 40 dB = min laA), only masking for
BC is needed (Fig. 6-15). The initial masking noise (N1) is set to Nx as follows (cf. 5.5 [2]):
Rt N1 = Rt Nx = (BLO + 40) dB HL,
Lt N1 =Lt Nx =(BRO + 40) dB HL.

o R . (Test ear) (Test ear) R .

10 BROC| . |DJBLOe=BTI' BROC JBL~

~ S Fe-—13 mBR[1]
ol C 10 4 i
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ao c . mBR[1]C{# :

of £ - o Ixars S
e % o = Nx) 40 an — N1 (=Nx)
10 = B b

= 250 Hz 250 Hz

= min IaA = 40 dB i IaA - 40 dB

wf [C-2] (a) (b)

(4BHTL) 250 500 1000 2000 4000 SODO{H:)

Figure 6-15 Masking for BC in cases where Lt AOB gap <40 dB

(3) Patterns needed for AC masking

When Lt AOB gaps are > 40 dB, masking for AC is needed. In the patterns shown in Fig. 6-13, we
cannot in advance estimate the efficient masking noise as was described in Lecture 5. Then, the plateau
method should be used. If bilateral APWSs cannot be identified, we cannot determine the true BC as
well as true AC thresholds. It is a masking dilemma described next.

** Further note **
*) Nx is the maximum level of masking noise at which OM does not occur in any case, assuming the
minimum laA value of 40 dB
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6.4-2 The masking dilemma
(1) Three audiometric configurations of the masking dilemma
The masking dilemma (Naunton, 1960) preciously means that both the true AC and BC thresholds
cannot be determined with masking noises of any level. Theoretically, the following three audiometric
configurations are the cases:
(a) Pattern [5]: bilateral true AB gaps are equal to l1aA and BR* = BL* (Fig. 6-16 [a]).
(b) Pattern [7-1]: bilateral true AB gaps are equal to laA and BR* < BL* (Fig. 6-16 [b]).
(c) Pattern [7-2]: the true AB gap in one ear is equal to 1aA and the other ear has a complete hearing
loss (Fig. 6-16 [c]).
In each pattern above, no plateau is present or even if it is present, PW of 0 dB cannot be detected.
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Figure 6-16 Masking dilemma

(a) Pattern [5]: bilateral true AB gaps are equal to laA and BR* = BL*

With masking in the right ear (Fig. 6-17), the noises higher than 60 dB HL always cause OM and
the AC and BC thresholds measured in the left ear are OM thresholds. Since the adequate masking
noise levels are not present, the plateaus for both AC and BC are also not present (cf. 3.5 [2]).

With masking in the left ear, the AC and BC thresholds measured in the right ear are also OM
thresholds. Therefore, bilateral plateaus are not present and all the true thresholds cannot be
determined.

R 5] L (Test ear) ALn/BLn

.. - LB L (dB HTL)
This is the case where the noises cause eregpelBhpLe g
OM in both ears and no plateaus are present: et o
Rt MN = [AR*] =60 dB HL, R[I]c‘-z-f-f-’-, 9BL1 Bl.lfi
Lt MN = [AL*] = 60 dB HL. S .
o w|
ROMNSaRs OS5 fars  AL* 22

N1 =82 Jwarl ALl 22

20 20|

100 10
(<BHL) Tt T T T
40 50 gq0 TO §0_ 90 100
1kdHz o 00
IaA-60de.JaB=0dB % 11\05212\!1
| Rt MN N1
- - _—
| GR*=GL*=TaA | Ineffective | Overmasking
masking | Effective maskng

Figure 6-17 Masking dilemma (a)

** Further note **

*) In Fig. 6-17, adequate masking cannot be performed with masking in the right ear, and the true AC and
BC thresholds in the left ear cannot be determined. In this lecture series, this is termed “adequate masking
in the right ear is impossible,” or “masking for the left AC and BC is impossible.”
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(b) Pattern [7-1]: bilateral true AB gaps are equal to laAand BR* < BL*.

For AC, with masking in the right ear (Fig. 6-18), the noises lower than 80 dB HL cause
undermasking. Then, the AC thresholds measured in the left ear are SH thresholds. The noises higher
than 80 dB HL cause OM and the AC thresholds measured in the left ear are OM thresholds. In
particular, when N1 is 80 dB HL, the initial AC test signal (AT1) of 80 dB HL is barely heard by both
the inner ears (mBR[1] and BL*). The hearing of AT1 is true and the left ear’s AC threshold measured
with N1 (AL1) is the true AC threshold (AL1 = AL*). N1 is the minimum and maximum adequate
masking levels for AC (cf. 3.1-2 [4]):

Rt N1 = Rt ANmin = Rt Nmax (= Rt MN).
Thus, Lt APW = 0 dB. The plateau of O dB does exist; however, it cannot be identified. Therefore, the
true AC threshold in the left ear cannot be determined. If the significant plateau width is not present,
we walk past the true threshold without sighting it.

For BC, if 1aB is supposed to be 0 dB,

Rt N1 = Rt BNmin = Rt Nmax (= Rt MN).
Thus, Lt BPW = 0 dB. Therefore, the true [

- - R T_llL (Test ear) ALn/BLn
BC threshold cannot be obtained, by using er-lol b @BHIL),
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RUQ® e OB BLr 2
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- . - - Llal
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(=Rt Nmax) | oy 20|
100 M
i To % % % g 3100
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|GR*-GL*-TaA | e 20 212
Effective masking

Figure 6-18 Masking dilemma (b)-1

Next, with masking in the left ear (Fig. 6-19), the noises higher than 60 dB HL always cause OM
(cf. Fig. 6-17); hence, the adequate masking noise levels are not present. Rt. APW and BPW are not
present and the true AC and BC thresholds in the right ear cannot be obtained.

In the right ear, masking noises (> 60 dB Testeang L ARuBRa
HL) always cause OM. er-ce 28 I5eL0 BR*—2 |
Lt MN =[ALO] = 60 dB HL. OM level[1] 4 BRI %,
2‘3‘ JBL*
Note that the apparent AB gap of the left ”{f GLO=TaA
ear is equal to laA (GLO = ALO — BLO = Ry l
laA) (cf. 6.1 [2]). Both ALO and BLO are the AR O} s aroda LeMN AR
SH thresholds. JRN EP A ARY 2o I
50 ¥ AL* Ba ) i
E‘Eﬁ'}} - o 5 éo ilu S0 90 100
IaA=60dB.IaB=0dB L Noise level
Lt MN N1
GR*=GL*=IaA Cvermang —
! Ineffective masking uEﬂiac‘ti\e
masking

Figure 6-19 Masking dilemma (b)-2

** Further note **

*) A typical example of masking dilemma is the configuration in Fig. 6-18. If noise levels are increased in
order to avoid undermasking, OM occurs. If noise levels are decreased in order to eliminate OM,
undermasking occurs. It is a dilemma, which means that the true thresholds cannot be determined.
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(c) Patterns [7-2]: the true AB gap of one ear = laA, and the other is a complete hearing loss.

With masking in the right ear (Fig. 6-20), the noises higher than 60 dB HL cause undermasking.
Then, the AC and BC thresholds measured in the left ear are SH thresholds. Since adequate masking
noises are not present, the plateaus for AC and BC are also not present. With masking in the left ear,
the AC and BC thresholds measured in the right ear are OM thresholds (cf. Fig. 6-19). Therefore,
bilateral plateaus are not present and the true thresholds cannot be determined.

In the left ear, undermasking occurs: R cean  fapmey

No MN, ANmin, and BNmin in the left (-BR*c_-"-“‘P,:BLo -~ BLO—Y

ear are present. ln £ f,' "
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Lt MN = [ALO] = 60 dB HL. R | cLo-la

pd, " 50|

Although the true AB gap of the left g, _*;AR*CL-,'L*‘QQXALOJ ALo-2

ear is unknown, note that the apparent AB fo | BL* 10]

gap of the left ear is equal to l1aA (GLO = N1 xarn AL1 2]

ALO — BLO = IaA) (cf. 6.1 [2]). Both ALO wt =] P

and BLO are the SH thresholds. o [ ¥4 A ;},, =,
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N1

GR*=TIaA Ineffective | Undermasking

ki <
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Figure 6-20 Masking dilemma (c)

(2) The plateau graph with no significant plateaus: GRO = GLO = laA.

When bilateral apparent AB gaps are equal to 1aA (GRO = GLO = laA), no plateaus are present or
plateau widths of 0 dB cannot be identified (Fig. 6-21). Therefore, the true AC and BC thresholds
cannot be determined, which is an undecidable case for masking in theory. Clinically, when PW =5 dB
or 10 dB, the true thresholds cannot be decided.

The plateau graphs in Fig. 6-17 to 6-20 & 2 1 (festeary ALWBLE
- v L | lest ear, dB HTL
are the same for the examiners, hence they _BRog|elB L0 o
cannot identify the actual configuration Yo ' 10|
(Flg 6'21) 2‘? ‘ BL12%) 4 ___.>

We only know that the apparent AC ~ cRo-Taa [ { cLooma 2
and BC thresholds in at least one ear are a0’y
true thresholds and the other ear is a

PP S S —

S0/ \
)

Noize level

KHz
IaA=604e.IaB=0dB

o : R . i | 5o
complete hearing loss or its true AB gap is S PR e |
equal to laA. N1 0 AL} F.
ag B0 i
hoo 1o E H
(¢BHL) HE] T 70§ 90 100

|GRO =IaA=GL0

Undermasking ?
Overmasking ?

Figure 6-21 Plateau graphs with no plateaus

If no plateaus are present, and it is impossible or difficult to identify them (PW =0, 5, or 10 dB),
then true thresholds cannot be determined. It is the masking dilemma. If you correctly acknowledge
the cases where the true thresholds cannot be determined, you will preclude a lot of wasted effort.
Although the dilemma is not dissolved, such a dilemma in mental meaning as to make an effort to
dissolve it will go away.

“There is no royal road to learning.” However, wasting your efforts, you should not walk beggar’s
road, if any (T.S.).
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6.4-3 Estimation for the true BC threshold: the OM method

When no BPW can be detected, the OM method should be used. Its precondition is that the true
AC thresholds in the test ear have been determined. If they are not obtained, the method is not
applicable. Therefore, at first, we should examine whether the true AC threshold can be obtained or not.
Let us consider each pattern below.

(1) Pattern [5] (Fig. 6-22)

Since the noises of effective masking (N > 60 dB HL) always cause OM in both ears, bilateral
APWs are not present (cf. 3.5 [2]). Moreover, bilateral BPWs are also not present. Therefore, this is an
undecidable case for masking. The clinical configuration in pattern [5] is such a rare case as congenital
atresia of the external meatus in each ear.

The APW and BPW in each pattern are shown in Table 6-2 (cf. Fig. 7-8).

Table 6-2 APWs and BPWs

Rt APW Rt BPW Lt APW Lt BPW
(=Ltd) (=Ltd) (FLtSNC +Rt3) (=Rt9)
Pattern [5]  not present not present not present not present
Pattern [5°] 10dB 10dB 10dB 10dB
Pattern [6]  not present not present 30dB 0dB
Pattern [6°] 10dB 10dB 40 dB 10dB

Lt SNC = BL* — BR* = Rt Nmax — Lt Nmax > 0 dB. Lt3 =1aA- GLO, Rt 5 = laA— GRO.
Lt SNC: Relative amounts of sensorineural component in the left ear compared to the right one

(2) Pattern [5°] (Fig. 6-23)

In this example, Lt 6 = 10 dB, Rt 6 = 10 dB. Since bilateral APWs of 10 dB are clinically
insignificant (cf. 3.3), the true AC thresholds cannot be confirmed. We cannot distinguish this pattern
from another pattern [5].

(3) Pattern [6] (Fig. 6-24)

With masking in the left ear (the poorer ear by BC), no Rt APW is presented. At this time, the
examiner cannot know whether the cause is due to undermasking or OM. (cf. 3.5 [2]). Subsequently,
with masking in the right ear (the better ear by BC), Lt APW of 30 dB presents and is clinically
significant. Therefore, AL* of 60 dB HTL and Rt MN of 90 dB HL are decided. At this point, the
examiner knows that the true BC threshold in the left ear is higher than that in the right ear (BR* <
BL*). Both BRO of 0 dB HTL and ARO of 60 dB HTL prove to be the true thresholds automatically.
Furthermore, he or she knows that masking in the left ear has caused OM: Lt MN = 60 dB HL. Here,
with masking in the right ear (GR* = laA), Lt BPW of 0 dB is present; however, cannot be detected.
The OM method is used:

BL* =BR*+ (Rt MN — Lt MN) = 0 (dB HTL) + {90 (dB HL) — 60 (dB HL)}
=30dB HTL.

Even when the apparent AB gap of one ear is equal to IaA (e.g., GRO = laA), so fa as the true BC
threshold in the opposite ear (BL*) is relatively higher to some extent (BR* < BL*), the true AC
threshold in the opposite ear (AL*) can be established. Consequently, the OM method is applicable.

(4) Pattern [6°] (Fig. 6-25)

In this example, Lt 6 = 10 dB, Rt 6 = 10 dB. The masking procedure is similar to that of the pattern
[6]. With masking in the left ear, Rt APW of 10 dB is not significant. With masking in the right ear, Lt
APW of 40 dB is significant: Rt MN = 100 dB HL. Then, AL* is determined as 60 dB HTL. At this
time, BRO and ARO turn out to be true thresholds. Furthermore, masking in the left ear is detected as
OM: Lt MN = 70 dB HL. Here, even with masking in the right ear, Lt BPW is only 10 dB. The OM
method is used:

BL* = BR* + (Rt MN — Lt MN) = 0 (dB HTL) + {100 (dB HL) — 70 (dB HL)}
=30dB HTL.

Additionally, the true AC threshold cannot be determined in pattern [6°] when there is only a little
difference between laA and the apparent AB gap of the non-test ear (laA — GRO = Rt 5) and the
relative difference between the true BC thresholds (Lt SNC) is small. At this time, Lt APW is also
small or narrow: Lt APW = Rt 8 + Lt SNC < 10 dB (Fig. 6-25). This is a clinical masking dilemma.
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(5) Pattern [7-0]

Patten [7-0] is the configuration where the true AB gap of the poorer ear by AC is smaller than laA
and that ear is not a complete hearing loss (cf. Fig. 6-14). As shown in Fig. 6-26 [a], the following
configuration is discussed:

The right ear: AR* =60 dB HTL, BR*=0dB HTL, GR*=60dB = laA,
The leftear: AL*=80dB HTL, BR*=40dB HTL, GL* =40 dB < laA.

First, when the masking noises higher than 60 dB HL are delivered to the left ear, Rt APW is not
present (Fig. 6-26 [b]). At this time, the examiner cannot distinguish whether the threshold elevation is
due to undermasking or OM. He/she cannot know Lt MN.

Next, when masking noises from 80 dB HL to 100 dB HL are introduced to the right ear, Lt APW
is obtained as 20 dB (Fig. 6-26 [c]). Thus, the true AC threshold in the left ear (AL*) of 80 dB HTL and
Rt MN of 100 dB HL are determined. At this point, the examiner knows that this configuration is a
pattern [7-0]. The following facts are established:

1) ALO (=60 dB HTL) and BLO (= 0 dB HTL) are the SH thresholds.
2) ARO (=60 dB HTL) and BRO (= 0 dB HTL) are the true thresholds.
3) laA can be calculated (laA = ALO — BR* =60 dB).
On the time, the examiner realizes that masking in the left ear has caused OM (Fig. 6-26 [b]):
~ Lt MN =60 dB HL.

Here, the true BC threshold in the left ear (BL*) cannot be identified using BC test signals because
the right ear’s true AB gap = IaA. The OM method is used.

BL* =BR* + (Rt MN — Lt MN) = 0 (dB HL) + {100 (dB HL) — 60 (dB HL)}
=40 dB HTL.

Lt APW of 20 dB, in this case, is clinically significant. However, if Lt APW is only 5 dB, the
examiner cannot judge such a narrow plateau to be significant (cf. 3.3). For accuracy, the masking
noise level should be increased in 5-dB steps.

Additionally, in cases where MN exceeds the maximum output level of the masking noise (NN),
NN is used in place of MN. If the laA value is 60 dB and NN is 100 dB HL, the measurement limit of
BC thresholds is 40 dB HTL.
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Figure 6-26 Masking in pattern [7-0]

Now, the theoretical considerations for the masking procedure in all patterns were completed.
Clinical discussions will be addressed in Lecture 8.

** Further note **

*) The apparent AB gap in one ear is the difference between the AC and BC threshold measured in that ear
without masking. There are three cases: GLO = AL* — BL*, GLO = AL* — BLO, GLO = ALO — BLO (cf.
6.1).

*) NN is an abbreviation used in the ABC method.
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6.4-4 Masking procedure

As shown in Fig. 6-27, in the basic audiogram [C-0], the apparent AC thresholds do not differ
significantly (Rt AA gap = ALO — ARO < 10 dB), then we should measure the BC thresholds in the
better ear by AC without masking. Since ARO < ALO, let us measure the BC threshold in the right ear
(BRO).

In [C-2], since Lt AOB gap = ALO — BRO < 40 dB, masking for AC is not needed.

In [C-1], since Lt AOB gap = ALO — BRO > 40 dB, masking for AC is needed.
Theoretically or under ideal conditions, the AC thresholds in the better ear (AROs) are the true ones.
However, considering the measurement errors, AROs might be the SH thresholds.
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Figure 6-27 Basic audiograms (AA gap <10 dB)

Let us consider the configuration at 4000 Hz in [C-1]. Considering the patterns below (Fig. 6-28).
the right ear is masked and the AC threshold in the left ear is measured using the plateau method (Rt
N1 = [ARO] + 5, in 5-dB steps). If the significant Lt APW (> 15 dB) may be obtained, the true AC
threshold in the left ear is established and simultaneously, both ARO and BRO are automatically
determined to be the true thresholds. Subsequently, the left ear’s true BC threshold should be estimated
using the OM method.

When the significant Lt APW is not obtained, in turn, the left ear is masked. If the significant Rt
APW cannot be obtained, it is an undecidable case for masking: patterns [5], [7-1], or [7-2].
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Figure 6-28 Audiometric patterns (AA gap <10 dB)
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6.5 Summary of Lecture 6

1. The audiometric configurations where the apparent AB gap of the non-test ear is equal to laA (e.g.,
GRO = 1aA) are following three patterns.
a) Cases where the apparent AB gap is equal to the true AB gap:
ARO = AR*, BRO = BR*; GRO = laA = GR*.
b) Cases where the apparent AC threshold is the true one (ARO = AR¥*), and the apparent BC
threshold is the SH threshold (BRO < BL*):
ARO = AR*, BR0O < BL*; GRO = laA= AR* — BR0 > GR*.
¢) Cases where both the apparent AC and BC thresholds are the SH thresholds:
ARO < AR*, BRO < BR*; GRO = laA=AR0 — BR0O > GR*.

Theoretically, masking for BC is impossible when the apparent AB gap of the non-test ear is
equal to l1aA (GRO = ARO — BRO = laA) and IaB is 0 dB. Namely, the true BC threshold cannot be
determined using BC test signals.

Clinically, even when there is a little difference between laA and GRO (laA — GRO =5 dB or 10
dB), masking for BC might become impossible.

2. The principle of the Rainville’s method is an approach to calculate the true BC threshold in the test
ear indirectly through the use of OM by BC noises. If the AC noise is used in place of the BC noise,
the principle is the same. The precondition for using this method is that the true AC threshold in the
test ear has been determined.

3. The difference between bilateral true BC thresholds (e.g., BR* — BL* > 0 dB) is equal to the
difference between Lt Nmax and Rt Nmax (Lt Nmax — Rt Nmax > 0 dB). Therefore, BR* can be
calculated as follows:

BR* = BL* + (Lt-Nmax — Rt-Nmax).
This approach is called an overmasking method (OM method). The precondition for using the OM
method is that the true AC threshold in the test ear has been determined. When the true BC threshold
cannot be determined using BC test signals (i.e., laA — GRO < 10 dB), the OM method is applicable.
In this method, the 1aA value is not needed.

4. In patterns [1] and [2], since the true AB gap of the left, poorer ear by AC is equal to laA (GL* =
laA), masking for the right BC is impossible. In patterns [1°] and [2’], when the difference between
laA and GL* is only a little (i.e., laA — GL* < 10 dB), masking for the right BC is difficult with
regard of measurement errors. The OM method is applicable for these patterns.

5. The masking dilemma means that both the true AC and BC thresholds cannot be determined with
masking noises of any level. Theoretically, the following three configurations are the cases:
a) Pattern [5]: bilateral true AB gaps are equal to laA and BR* = BL*.
b) Pattern [7-1]: bilateral true AB gaps are equal to laA and BR* < BL*.
c) Pattern [7-2]: the true AB gap of one ear is equal to laA and the other ear is completely deaf.
In each pattern above, no plateau is present or even if it is present, PW of 0 dB cannot be found.

A clinical masking dilemma is the case in which both APWSs are <10 dB (insignificant). For
example, in pattern [6°], in which there is only a little difference between laA and the apparent AB
gap (Rt 6 = laA — GRO or Lt 6 = laA — GLO), and the relative difference between the true BC
thresholds (Rt SNC or Lt SNC) is small:

LtAPW =Rt 6+ Lt SNC<10dB, or
RtAPW =Lt5+ Rt SNC<10dB.
Then, the true BC thresholds cannot be determined.

6. In patterns [5]’, [6], and [6]’, when the APW in only one ear is significant, the OM method is
applicable. In pattern [7], in which the apparent AC threshold in one ear is the SH threshold and the
APW in that ear is clinically significant (> 15 dB); i.e., in pattern [7-0], the true BC threshold in the
same ear can be estimated by using the OM method.

7. The OM method requires further clinical validation.
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Lecture 7. Factors that determine difficulty levels of masking

All told, plateau widths (PWs) determine the difficulty level of masking. As described in Lecture 3,
assuming that the left is the poorer ear by AC, PWs for AC and BC of the left ear (Lt APW and BPW)
in pattern [4] may be written as follows:

Lt APW = (IaA — GR*) + (laA — GL¥*),
Lt BPW = (laA — GR*) + IaB,
where GR* and GL* are the true AB gaps of the right and left ear, respectively. In this lecture, general
expressions of the PWs are derived and the difficulty level of masking is discussed. When the apparent
AC thresholds in both ears differ (e.g., ARO < AL0), the Lt APW and Lt BPW may be written as
Lt APW = (laA — GRO0) + (BL* — BR*) — (AL* — ALO0)
=Rt d + Lt SNC — o,
Lt BPW = (laA — GRO) + laB
=Rt + laB,
where GRO is the apparent AB gap of the right ear.

As the derivation of the PWs is somewhat complicated, it is recommended to make a forecast for a

full picture, looking over the summary of Lecture 7.

7.1 General expressions of the plateau widths
(1) Audiometric configurations with typical plateaus: Pattern [4]
(2) Audiometric configurations with an atypical plateau: Pattern [3]
(3) Theoretical plateau widths

7.2 Schemes of the plateau widths
7.2-1 Plateau widths in a case with significant AA gaps
7.2-2 Plateau widths in a case with no significant AA gaps

7.3 Factors that determine the difficulty level of masking
7.3-1 General expression of plateau widths
7.3-2 Factors that determine the difficulty level of masking for AC and BC
(1) Difficulty levels of masking for AC
(2) Difficulty levels of masking for BC

7.4 Expression of the plateau widths using AA gap
(1) Cases with significant Rt AA gaps (Rt AA gaps > 15 dB, ALO > ARQ)
(2) Cases with insignificant Rt AA gaps (Rt AA gaps < 10dB)
(3) Representation of the term “masking”

7.5 Findings of an audiogram without masking
(1) Audiogram without masking and audiometric configurations at a given frequency
(2) Estimation of difficulty levels of masking: AA and AOB gaps

7.6 Masking windows of the present method
(1) Masking windows for AC
(2) Difficulty levels of masking for AC
(3) Masking windows for BC
(4) Difficulty levels of masking for BC
(5) Efficiency of masking

7.7 Series of the audiometric patterns and their utmost limit
(1) Pattern [1] series
(2) Pattern [2] series
(3) Pattern [3] series
(4) Pattern [4] series

7.8 Summary of Lecture 7
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7.1 General expression of the plateau widths
(1) Audiometric configurations with typical plateaus: Pattern [4]

In adequate masking, the difference between the maximum adequate masking noise level (Nmax)
and the minimum adequate masking noise level (Nmin) in the test ear is defined as the plateau width
(PW). In other words, the PW is the range of the noise levels required for adequate masking (cf. 3.1-2
[5)):

Lt APW = Rt Nmax — Rt ANmin,
Lt BPW = Rt Nmax — Rt BNmin.

The audiometric configuration in Fig. 7-1 (a) shows the pattern [4-0] with typical plateaus for both
AC and BC. When the right, better ear by AC is masked, adequate masking for AC is detected in the
noise range where 60 dB HL < N <95 dB HL (Fig. 7-1 [b]). Here, Rt Nmax is equal to the maximum
level of masking noise at which OM does not occur in the right ear (Rt MN). The APW of the left,
poorer ear by AC (Lt APW) is described below (cf. 3.4):

Lt APW = (IaA — GR*) + (laA — GL*)
=20 (dB) + 15 (dB) = 35 dB.
This formula is true only when typical plateaus are obtained. Then, with attention to the fact that GR*
= GRO, and laA = ALO — BR*, let the formula change into the more general form below, or simply the
form can be intuitively derived from the configuration in Fig. 7-1 (c):
Lt APW = (laA— GR*) + (laA — GL*)
= (laA— GRO) + {(ALO — BR*) — (AL* — BL*)}
= (laA— GRO) + (BL* — BR*) — (AL* — ALO0).

&~ LtAPW=Rt$ + Lt SNC — o,
where Rt & (= laA — GRO) is the difference between IaA and the apparent AB gap of the non-test ear,
Lt SNC (= BL* — BR¥*) is the relative sensorineural component of the left ear, and o (= AL* — ALQ) is
the amount of AC threshold elevation in the test ear.

[4-0] ALn/BLn [4-0]
R L (Test ear) (dB HTL R L (Test ear)
T BRec] 2 0 BReC) °
! 3 10 | 10 LISNC | g
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= & _ = o —40 dB 5 N .
IaA || 30.‘31:& H {TaA—GL*) 30| _r et ‘. K 30.‘]aA :'('Lt SNC @) :
\ ] EL*- BL*— : . !
“ar-o|* “' 2 Y LA 40 ] — AR"O JBL \ i
0 3| cL=-ssap | 0 i ° 0 | arem |
Rt3 pi iy 30 ' i s
81 xa10 60 ' . 60 <ha |
i | — LtAPW=135dB | Rt ANmin —|—/—|XAL0 H
70y I 70 o I EY }m :
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I Effective masking 1z
Lt APW = (IaA — GR*) + (IaA - GL*) TaA=Lt AOB gap = 60 dB ‘ LtAPW=Rt6 + Lt SNC - ®
@ (b) (©

Figure 7-1 Typical plateaus for AC and BC in pattern [4]

Adequate masking for BC is detected in the noise range where 75 dB HL < N < 95 dB HL (Fig.
7-1[b]). The BPW of the left ear (Lt BPW) is written as (cf. 3.4)
Lt BPW = (laA — GR*) + laB = 20 (dB) + 0 (dB) = 20 dB.
Let the formula change into the more general form below, assuming that 1aB is 0 dB.
Lt BPW = (laA— GR*) + |aB
= (laA—GRO) + 0 (dB).
~ Lt BPW =Rt o.

** Further note **
*) The main abbreviations are listed. AC: Air conduction, BC: Bone conduction,
SH: Shadow hearing, CH: Cross hearing, OM: Overmasking,
GR*: True air-bone (AB) gap in the right ear, GRO: Apparent AB gap in the right ear,
laA: Interaural attenuation for AC signals, 1aB: Interaural attenuation for BC signals,
*) In the operation of levels and quantities (amounts), each term of equality and inequality is represented as
a numerical value (cf. 2.4 [1]).
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(2) Audiometric configurations with an atypical plateau: Pattern [3’]

To take the case of pattern [3’], Fig. 7-2 shows an atypical APW, which has no noise of
undermasking. When 45 dB HL < Rt N < 90 dB HL (Fig. 7-2 [b]), these noises provide adequate
masking for AC, thus, the Rt Nmax is 90 dB HL. However, a 45 dB HL noise causes ineffective
masking, and Rt ANmin is not present or cannot be defined. Therefore, instead of Rt ANmin, the NO of
a level equal to the true AC threshold level in the non-test ear should be used: Rt NO = [AR*] dB HL
(cf. 3.5 [1]). The range of the adequate masking noise levels for AC; i.e., Lt APW can be represented as
follows:

Lt APW = Rt Nmax — Rt NO
= (BL* + 1aA) — [AR*]
=90 (dB) — 45 (dB) = 45 dB.

Let the formula change into the more general form below, or alternatively the form can be
intuitively derived from the configuration in Fig. 7-2(c):

Lt APW = (BL* + laA) — [AR*]
= laA— (AR* — BL¥)
= laA — {(AR* — BR¥) — (BL* — BR*)}
= laA - (GR* — Lt SNC)
= (laA— GRO) + Lt SNC,
s~ LtAPW =Rt + Lt SNC.

Adequate masking for BC is detected in the range where 65 dB HL < Rt N <95 dB HL (Fig. 7-2
[b]). Lt BPW is written as
Lt BPW = (laA—- GR*) + IaB
= (laA—- GRO),
~ Lt BPW =Rt 5,
where the 1aB value is assumed to be 0 dB.

[3°] ALn/BLan [3°]
R L (Test ear) R L (Test ear)
s 5 o Lt BEPW=2125dB \
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Figure 7-2 Atypical plateau for AC in pattern [3’]

(3) Theoretical plateau widths

If the true BC thresholds in the test ear are high (i.e., profound sensorineural hearing impairment),
the Nmax might exceed the limit of the noise levels; then, the PWs become smaller or narrower than
those of the above equations. To simplify the discussion, theoretical PWs in disregard of the noise limit
are discussed in this lecture. Actual PWs, with consideration of the limit, are addressed in Lecture 8 (cf.
8.2-1[2]).

Additionally, Lt SNC (= BL* — BR* > 0 dB) is true only when BL* > BR*. Thus, when BL*<
BR*, Lt SNC is assumed to be 0 dB.

** Further note **
*) Apparent AB gaps are measured without masking.
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7.2 Schemes of the plateau widths
7.2-1 Plateau widths in cases with significant AA gaps
When the Rt AA gap = ALO — ARO > 15 dB (ARO < ALO), the PWs in both ears consist of five
elements below:
1) Rt 6 =IaA — GRO. 2) Lt 6 =TaA — GLO.
3) Rt SNC = BR* — BL*. 4) Lt SNC = BL* — BR*.
5) m = AL* — ALO (> 0 dB; only in pattern [4]).
Here, the case with no plateau is indicated using the symbol (-).

Table 7-1 Plateau widths (Rt AAgap > 15 dB)

Patterns Rt APW Rt BPW Lt APW Lt BPW
[1]Lts=0dB @) @) Rt S Rt S
[2] Lts=0dB Rt SNC 0dB Rt Rt
[3] Lts=0dB @) =) Rt 6+ Lt SNC Rt S
[4]Lts=0dB ) ) Rt +Lt SNC - Rtd
[I’]Lt5>5dB Ltd Lto Rt o Rt &
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[3°]Lt5>5dB Ltd Ltd Rt § + Lt SNC Rt §
N 2 Bl B ) 21 ]
I = L L O ) L P ‘|30 R T [ oC = 10
[ fof g sal"cI 10 Jﬁ—:\u sve  fae }‘” GTH R s.\'cl 10| 10 | ILr sNe
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Figure 7-3 Audiometric configurations (Rt AAgap = 20 dB > 15 dB)

a) The PWs of the left, poorer ear by AC (Lt APW, Lt BPW)
When the true BC threshold in the left ear is equal to the apparent BC threshold (BL* = BLO:
patterns [1], [2], [1], and [2°]), Lt APW is as follows:
Patterns [1], [2], [1°], [2’]: Lt APW = (1aA — GR0) = Rt &.
This formula is referred to as the basic form of Lt APW (Table 7-1, Fig. 7-3, 7-4).
When BL* is higher than BLO (BL* > BLO: patterns [3], [3’], and [4]), Lt APW is the basic form
added to Lt SNC:
Patterns [3], [3’]: LtAPW =Rt é + Lt SNC.
However, in pattern [4] Lt APW is reduced as o (= AL* — ALO > 0 dB):
Pattern [4]: Lt APW =Rt é + Lt SNC - .
Lt BPWs in all patterns are written as
Lt BPW = (IaA — GR0) = Rt .
This formula is referred to as the basic form of Lt BPW.

b) The PWs of the right, better ear by AC (Rt APW, Rt BPW)
Table. 7-1 shows Rt APW and BPW. In patterns [1], [3], and [4], as the masking noises higher

than 60 dB HL in the left ear (Lt N > 60 dB HL) always cause OM, Rt APW and BPW are not
existent (cf. 5.7).
Rt APW and BPW in patterns [1°] and [3] are as follows:
Rt APW = (laA— GL0) =Lt o,
Rt BPW = (laA — GL0) =Lt 5.
These are also referred to as the basic forms of Rt APW and BPW.
Rt APW and BPW in patterns [2] and [2°] are as follows:
Rt APW = (1aA — GL0) =Lt 8 + Rt SNC,
Rt BPW = (lIaA — GL0) = Lt §,
where Lt 6 is 0 dB in pattern [2].
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Figure 7-4 Plateau graphs (Rt AAgap > 15 dB)
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7.2-2 Plateau widths in cases with no significant AA gaps
When the Rt AA gap = ALO — ARO < 10 dB, the PWs in both ears consist of the five elements
below (Table 7-2). For simplicity, the Rt AA gap is supposed to be 0 dB.
1) Rt 8 =IaA — GRO. 2) Lt 6 =IaA — GLO.
3) Rt SNC = BR* — BL*. 4) Lt SNC = BL* — BR*.
5) ® = AL* —ALO (> 0dB; only in pattern [7]).
Here, the case with no plateau is indicated using the symbol (-).

Table 7-2 Plateau widths (Rt AA gap <10 dB)

Patterns RtAPW Rt BPW Lt APW Lt BPW
[5] Rt3=Lt5=0dB ) ) ) )
[6] Rt3=Lt5=0dB ) ) Lt SNC Rt 3 (=0 dB)
[71Rt8=Lt5=0dB ) ) LtSNC - o Rt 3 (=0 dB)
5’]Rt8=Lt5>0dB Ltd Ltd Rtd Rtd
[5°]
[6']Rt5=Lt5>0dB Lt Ltd Rt 3+ Lt SNC RtS
5 6 7-0 5 '
R R ) Rk L
] L [0 *c-ﬂ—jo}m sl o S L LT
o o [uesne i l‘ L 10 ] T sve
o I A Y I
GRe [ S G S o 0
k o] M ] 617 <la i A
. . = -
e s0[%x+d@ O[] ‘ o] S R OMT, | KA W
Rt MN lgmx;?MN lx* . lqw;:z}émj R:ﬂilxluato__&_:xi
] ReMN o 0 ? 40
90 | (= Nmax)}20 ] 90 | 90 | ¥ oo
1 kHz 1 kHz 1kHz 1 kHz 1 kHz

Figure 7-5 Audiometric configurations (Rt AAgap =0 dB <10 dB)

a) Cases where BR* = BL* (patterns [5] and [5°])
In pattern [5], since GR* = GL* = laA, the APW and BPW of both ears are not present (cf. 6.4-3).
In pattern [5°] the APWSs and BPWs are as follows:
Pattern [5°]: Rt APW = Rt BPW = (laA — GL0) = Lt 5,
Pattern [5°]: Lt APW = Lt BPW = (1aA — GR0) =Rt 4.
These are the basic forms of PWs as has been noted (Fig. 7-5, 7-6).

b) Cases where BR* < BL* (patterns [6], [6°], and [7])
In Fig.7-5, the left ear is the poorer ear by BC. Lt APW is the basic form (Rt 6) added to Lt SNC.
Here, Rt 8 = 0 dB in patterns [6] and [7].
Pattern [6]: Lt APW = Lt SNC,
Pattern [6’]: Lt APW = Rt 6 + Lt SNC.
However, in pattern [7], Lt APW is reduced as ® (= AL* — ALO > 0 dB).
Pattern [7]: Lt APW =Lt SNC - .
Lt BPW is the basic form (Rt 6). In patterns [6] and [7], Rt 6 = 0 dB.
Pattern [6]: Lt BPW =Rt 6 (= 0dB),
Pattern [6°]: Lt BPW =Rt & (> 0 dB),
Pattern [7]: Lt APW =Rt é (= 0 dB).
For the right ear, the better ear by BC, Rt APW and BPW in patterns [6] and [7] are not existent,
while those in patterns [5°] and [6°] are the basic form:
Patterns [5°], [6°]: Rt APW = Rt BPW = (laA — GL0) = Lt 5.

** Further note **
*) If there are a few differences between ARO and ALO (Rt AA gap =5 dB or 10 dB), Lt & is not equal to Rt

9, in which cases will be discussed in Lecture 8.
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7.3 Factors that determine the difficulty level of masking
7.3-1 General expression of plateau widths
The PWs in the twelve patterns of the audiometric configurations are shown in Table 7-3, Fig. 7-7,
and Fig. 7-8. The PWs in both ears consist of the following five elements:
1) Rt 6 =IaA — GRO. 2) Lt 6 =IaA — GLO.
3) Rt SNC = BR* — BL*. 4) Lt SNC = BL* — BR*.
5) m = AL* — ALO (> 0 dB; only in patterns [4] and [7]).
Here, the case with no plateau is indicated using the symbol (-).

Table 7-3 Plateau widths in all patterns

The right ear: the better ear by AC The left ear: poorer ear by AC

Patterns Rt APW Rt BPW Lt APW Lt BPW
[1] Lt5=0dB ) ) Rt S Rt S
[2] Lts=0dB Rt SNC 0dB Rt b Rt S
[3] Lts=0dB ) ) ORt 8+ Lt SNC Rtd
[4]Lts=0dB ) ) ORt 5+ Lt SNC— o Rtd
[1’]Lt5>5dB Lt Lt Rt Rt
[2’]Lt6>5dB ALtd+RtSNC  Ltd Rt & Rt &
[3’]Lt6>5dB Ltd Ltd ORt &+ Lt SNC Rt
The right ear The left ear
Patterns RtAPW Rt BPW Lt APW Lt BPW
[5] Rt5=Lt5=0dB ) ) ) )
[6]Rt5=Lt5=0dB (@) (@) Lt SNC Rt 5 (=0 dB)
[7]Rt5=Lt5=0dB ) ) @®LtSNC — o Rtd (=0dB)
[5’]Rt8=Lt5>0dB Ltd Lto Rt o Rt S
[6’]Rt5=Lt5>0dB Lto Lto ORt 6 + Lt SNC Rt o
1[1]L 1[2]1_ tmL 1[4]1, tll,d n[l,l_ R['s L
= o = = L = P o K = M S T b v S = o R N Y
[ P we sw"cl b i}ﬂ—:\m sve Hofl o 0] e ch] 10 | 10 ILt SNC
GR* |30 GRO Nl =LH [20-{ 20 |4 (LE SNC — m) [ P 213
el ] o e ] o] o
ol woli| 4ol <ot ] sol 4 of]
RrE-I = RtSI oL Rtﬁ[ | RcﬁI 0] ro| [ wmesl PH sl PH
R e b e R L] - x0-4 _&xf [z B Lot
=Nmax) |70 | Lt MN lj l | 70 0| o T kit L'f'. N E fLed ‘!0:4_3“5
50 T PERUN T s | X (- Nman) fso f RN g [ 0
o 90 | 90 | Wl 20 0 e o0
1 kHz 1 kHz 1 kHz 1 KHZ 1 kHz 1 kHz 1 kHz
Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt
|AP‘“.' (—) (Rt d A Rté (=) [e) (—) e APW | Lt & Rt ARt d Lta| O
|Bp“-' {(—)|Rt & 0dB| Rié (—)| Rt § (—) | Rt & BPW |Lté Rtéa Lté Rt a Lté| Rta
Figure 7-7 Patterns where both the apparent AC thresholds differ (Rt AA gap =20 dB)
l[ s L l[ﬁ] L R[T] L Rls‘]L R[ﬁl
fCHHD  sCHE T30 «g[ 20 CTe AC 130
[ L I 10 | ]Lt SNC 10 | L0 I
‘ 20 E05 i N EUR A 20 20 {0
GR* ] 0 | 50 | 0 | 30 |
| <6 40, g ] 40
fe af - fe - B
-‘;O—ﬁﬂ—'x.-q: * —‘ng- Q—ﬁ'}—!-xﬂ,s:. *O—QGIL. " *O—EL-X‘
RtNM (70 | peNn Fj;_ <==I»I N Rtﬁt* | Lt & j}_é
|50 | N ED] N KD | &0 | ELE
90 | | 500 | | o0 ) | 901 | 20
1 KHz 1 kHz 1 kHz 1 kHz 1 kHz
Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt
APW |(—)[(—) (-) O =)@ Lté | Rt & Lta O
BPW |(—) (— {(—)|0dB| [(—)|odB Lté |Rté Lté Rt 5

Figure 7-8 Patterns where both the apparent AC thresholds do not differ (Rt AAgap =0 dB)
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The general expression of Lt APW is as follows:
LtAPW=Rto +LtSNC — @
= (laA - GRO0) + (BL* - BR*) — (AL* — ALO)

From this formula, Lt APW in each pattern is derived.

When o >0 dB (AL* > ALQ0), the configurations are patterns [4] and [7].
When Rt 6 > 0 dB (pattern [4]), Lt APW =Rt é + Lt SNC — .

When Rt 6 = 0 dB (pattern [7]), Lt APW = Lt SNC — o.

When o = 0 dB (AL* = ALO0), the configurations are patterns, except for patterns [4] and [7].
When Rt 6 >0 dB and Lt SNC > 0 dB (patterns [3], [3’], [6°]), Lt APW = Rt é + Lt SNC.
When Rt 6 = 0 dB and Lt SNC > 0 dB (patterns [6]), Lt APW = Lt SNC.

When Rt 6 >0 dB and Lt SNC = 0 dB (patterns [1], [17], [2], [2°], [5’]), Lt APW = Rt 5.
When Rt 6 =0 dB and Lt SNC = 0 dB (pattern [5]), Lt APW is not present.

The basic forms of Lt APW and BPW are as follows:
LtAPW=Rto, LtBPW=Rts.

7.3-2 Factors that determine the difficulty level of masking for AC and BC

If the PWs are wide (or large), masking becomes easy. In contrast, if they are narrow (or small),
masking becomes difficult. When PWs are 0 dB or not present, masking is impossible. The laA value
is assumed to be a constant of 60 dB.

(1) Difficulty level of masking for AC: Lt APW = (IaA — GRO0) + Lt SNC — w.
F1 F2 F3
Three factors determine the difficulty level of masking for AC.
The first is the apparent AB gap of the right (non-test) ear (GRO).
The second is the relative amount of sensorineural component in the left (test) ear (Lt SNC).
The third is the difference between the SH threshold for AC and true AC threshold in the test ear in
patterns [4] and [7] (o = AL* — ALO > 0 dB).

Even if GRO is equal to laA, Lt APW is wide so long as Lt SNC is large, and masking for AC
becomes easy. As w is larger in patterns [4] and [7], Lt APW becomes narrower due to offsetting Lt
SNC.

In patterns [4] and [7], the second and third factors can be replaced with laA and the true AB gap of
the non-test ear (GL*), as follows:

Lt SNC — o = (BL* — BR*) — (AL* — ALO) = (ALO — BR*) — (AL* — BL*) = laA — GL*,

&~ LtSNC — o = laA—- GL*.

(2) Difficulty level of masking for BC: Lt BPW = (IaA — GRO0) + laB.
F1 F2

Two factors determine the difficulty level of masking for BC.

The first is the apparent AB gap of the right (non-test) ear (GRO).

The second is the 1aB value.

When GRO is larger, Lt BPW becomes narrower and masking for BC becomes difficult.
Furthermore, if GRO is equal to 1aB, and laB is 0 dB, then Lt BPW is either equal to 0 dB or not
present. Consequently, masking for BC becomes impossible. Since the apparent AB gaps are identified
without masking, the difficulty level of masking for BC can be predicted before masking (cf. 7.4 [3]).

In this lecture series, for simplicity, the 1aB value has been assumed to be 0 dB. However, when the
BC vibrator is placed at the mastoid, the 1aB value cannot be clinically neglected. The BPW of the ear
in which the apparent BC threshold is the SH threshold is as follows:

Patterns [2] and [2°]: Rt BPW = (laA — GR*) + laB,
Patterns [3], [3], [4] [6], [6’], and [7]: Lt BPW = (IaA — GR*) + laB.
Therefore, when IaB > 0 dB, the BPWSs are wider by the laB value (cf. 3.2 [2], Supplement 6).
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7.4 Expression of the plateau widths using AA gaps
Rt 6 (= IaA — GRO) and Lt 6 (= TaA — GLO) cannot be determined before the 1aA value has been
obtained. Then, an AA gap is transformed into the PWs as a parameter.
(1) Cases with significant Rt AA gaps (Rt AA gaps > 15 dB, ALO > ARO0)
When the right and left apparent AC thresholds differ significantly (e.g., Rt AA gap = ALO — ARO
> 15 dB), Rt 4 can be represented using Rt AA gap and Lt 6 (Fig. 7-9):
Patterns [1]-[4]: Rtd=IaA — GRO = Rt AA gap,
Patterns [1’]-[3’]: Rt 6 =TaA — GRO = Rt AA gap + Lt .
Here, Lt 8 is simply shown as & in patterns [1°], [2’], and [3°]. Therefore, as shown in Table. 7-4, the
PWs may be reduced to formulas including the AA gap. In Fig. 7-10 on the next page, the plateau
graphs of the poorer ear by AC (the left ear in Fig. 7-9) are shown.

(1] (2] [3] (41
R L R L R L R L
- e e I o T o iy T 30~
Lt AOB gap = laA. (ol st fo R
GR» a0 ] Nl B 20 {3« = ?ﬂ_rsr\'c —a)
Ltd=1aA — Lt AOB gap [ i GRO 3| Ed 30 |7 '
=0dB. aoiﬁ- e Eid < ..0_-1;':'.1_ =0 40 ]
RtAAgap| |50 Rt A:\.gapl -5-1— Ri _-L-!gap[ —S-L Rt AA gap -
. Rt& =Rt AA gap. ReMN ] xe@ Tk 0 {50 X0
(= RiNmax) | 70| LUMN |70 | [ J | 70 | | 70 | @
' ) . A"
20 | i LeMN P Bib ? | 50 |
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1 kHz 1 kHz 1 kHz 1 kHz
[17] [2° [3*
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:
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Figure 7-9 Expression of the plateau widths using AA gaps (Rt AA gap = 20 dB)
Table 7-4 Plateau widths (Rt AA gaps > 15 dB)

Patterns Rt APW Rt BPW Lt APW Lt BPW
[1]Lts=0dB (-) @) Rt AA gap Rt AA gap
[2]Lts=0dB RtSNC 0dB Rt AA gap Rt AA gap
[B8]Lts=0dB  (-) =) Rt AA gap + Lt SNC Rt AA gap
[4]Lts=0dB () ) Rt AAgap+ Lt SNC - Rt AA gap
[’JLts>5dB & ) Rt AA gap +6 Rt AA gap +6
[2’]Lts>5dB O+ RtSNC & Rt AA gap+6 Rt AA gap+96
[3’]Lt6>5dB & ) Rt AA gap + 8+ Lt SNC Rt AA gap+6

1) Rt AAgap = ALO - ARO 2) =Lt 6=1aA — GLO = laA — Lt AOB gap
3) Rt SNC = BR* — BL* 4) Lt SNC = BL* - BR*

5) ® = AL* —ALO (> 0dB; only in pattern [4]).

Here, the case with no plateau is indicated using the symbol (-).

Among the five elements of PWs, only AA gaps can be determined without masking. The other
elements (8, Rt SNCs, Lt SNC and ®) are unknown. However, as the Lt AOB gap is larger, 6 becomes
smaller and the plateau width becomes narrower. The reverse is also true. Namely, the Lt AOB gap,
which can be determined without masking, may be an indicator for estimating the difficulty level of
masking.
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Figure 7-10 APW and BPW of the poorer ear by AC in Patterns [1]-[4] (Rt AAgap = 15 dB)

** Further note **
*) Lt PWs in pattern [2°] are equal to those in pattern [1°].
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(2) Cases with insignificant Rt AA gaps (Rt AA gaps < 10 dB)
The patterns with an Rt AA gap of 5 dB and their PWs are shown in Fig. 7-11 and Table 7-5,
respectively. Fig. 7-13 on the next page shows the plateau graphs in each pattern.

R L R L R L R L R L
) e Lo T = —|70 *E.-O_:O],(,) *ETO_:* o L )
( .10 110 ILtSNC 110 I‘ i 10 l(L ILtSNC
\ ) T (Lt SNC —w) ! |
0 =-a o =LA 0 20 [+
GR* |3 50 GR* b \ 20 50
40| 40| LN g 40 | 4 |
o o | O < i 5
RiAAgap’iO| 0 *30 60 | *O| 0 J *co_ol‘: 10 ;
X=@ X+ X0 & T X 00 5
(I:tl\xll:x)lg" LN 2 o P Xi}m Rt MaNI" PEARLINE: l:t
| 80 | Rt MN |50 =Rt Nmax) |50 | [ | 80 |
| 90_| (= Nmax)}-20 | 90 | |90 5|0
1 kHz 1 kHz 1kHz 1 kHz 1kHz
Figure 7-11 Audiometric configurations (Rt AAgap =5 dB)
Table 7-5 Plateau widths (Rt AA gap < 10 dB)
Patterns Rt APW Rt BPW Lt APW Lt BPW
[5] 6=0dB ) (@) Rt AAgap Rt AA gap
[6]5=0dB ) (@) Rt AAgap + Lt SNC Rt AAgap
[7]56=0dB @) (@) RtAAgap + Lt SNC - o Rt AA gap
[5°’]5>5dB o ) Rt AA gap+6 Rt AA gap+6
[6’]6>5dB o ) Rt AA gap + 6+ Lt SNC Rt AA gap + 9
[21[6]5=0dB RtSNC 0dB Rt AA gap Rt AA gap
[21[6’]5>5dB 8+RtSNC § Rt AA gap+d Rt AA gap +6
1) Rt AA gap = ALO — ARO 2) 6=Ltd=1aA — GLO = laA — Lt AOB gap
3) Rt SNC = BR* — BL* 4) Lt SNC = BL* — BR*

5) @ = AL* — ALO (> 0 dB; only in patterns [7]).
the case with no plateau is indicated using the symbol of (-).

[6] IG’L
. . R L R
In Fig. 7-11, the poorer ear by BC is set to the left ear in cle1a clo]as
patterns [6] and [6°] (BR* < BL*). However, since there is no g s;,—.;l 110 Rt $:\'{'-I 10
significant difference between the true AC thresholds, the poorer *C30 sC-
ear by BC may be either ear. As shown in Fig. 7-12, when the [+ -
poorer ear by BC is the right ear, their plateau widths are the fL f"L
same as those in patterns [2] and [2’] (Table 7-5). +0 ‘“ﬂ* <0 *"L
Ri MN T e st | Pt
a1 ﬁt.; T 16
(= Nmax) w0 v .
LMy .
90 ] = Nmax) |50 {4
1 kHz 1 kHz

Figure 7-12 Patterns [6] and [6°]
(3) Representation of the term “masking”

“Masking in the right ear” means that masking noises are presented to the right ear or the right ear
is masked by masking noises (cf. 2.4 [4]). “Masking for AC” means that masking noises are presented
to the non-test ear and we attempt to obtain the true AC threshold in the test ear. In this lecture series,
“masking in the right ear to obtain the left ear’s true AC threshold” is simply represented as “masking
for the left AC.” “Masking for the left AC is easy” means that when the masking noise is presented to
the right ear, the left ear’s true AC threshold can be obtained easily.” Note that it is the right ear to be
masked.

** Further note **

*) “Masking for the left AC is needed” means that it is necessary to mask the right ear to obtain the left ear’s
true AC threshold.
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7.5 Findings of an audiogram without masking

(1) Audiograms without masking and audiometric configurations at a given frequency
The basic audiograms [A-1] and [B-1] (Fig. 7-14), in which the Rt AA gaps are significant (Rt AA

gap > 15 dB), correspond to the configurations in Fig. 7-15. In contrast, the basic audiograms [C-1], in

which the Rt AA gaps are insignificant (Rt AA gap < 10 dB), correspond to those in Fig. 7-16.
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Figure 7-14 Basic audiograms without masking
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Figure 7-16 Audiometric configurations with Rt AAgap of 5 dB (<10 dB)

Table 7-6 Plateau widths using Rt AA gaps

Patterns Rt APW Rt BPW Lt APW Lt BPW

[1],[5]: 8=0dB () ) Rt AA gap Rt AA gap
[2],[6]: 8=0dB RtSNC 0dB Rt AA gap Rt AA gap
[3],[6]: 8=0dB ) ) Rt AA gap + Lt SNC Rt AA gap
[4],[7]: s=0dB ) ) Rt AAgap+ LtSNC - Rt AA gap
[I’],[5’]:6>5dB o o Rt AA gap +6 Rt AA gap +6
[2°],[6°]:6>50dB 0+RtSNC o Rt AA gap +6 Rt AA gap+96
[3°],[6’]:56>5dB o ) Rt AA gap + 3 + Lt SNC Rt AA gap+6

1) Rt AAgap = ALO — ARO > 0 dB (ARO < ALO),
2)5=Lt5=1aA — GLO = laA — Lt AOB gap > 0 dB,
3) Rt SNC = BR* - BL* >0 dB,

4) Lt SNC = BL* — BR* >0 dB,

5) 0 =AL* — ALO>0 dB.
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(2) Estimation of the difficulty level of masking: AA and AOB gaps
Although the PWs cannot be established before the four elements (5, Rt SNCs, Lt SNC and o)
have been determined, we can easily receive the Rt AA and Lt AOB gaps on the audiogram without

masking. With the aid of the two factors, we may estimate the difficulty level of masking to some
extent before masking.

a) For BC, Lt BPW is represented as follows:
Lt BPW =Rt AA gap + 8 = Rt AA gap + (IaA — Lt AOB gap).
If the Rt AA gap is large and Lt AOB gap is small (i.e., 5 is large), the Lt BPW is wide. Therefore,
masking for the left BC is easy. By contrast, as shown in Fig. 7-17 (a), if the Rt AA gap is small and
the Lt AOB gap is large (i.e., d is small), the Lt BPW becomes narrow and masking for the left BC
may be difficult or impossible.
Even if the Lt AOB gap is large as in Fig. 7-17 [b], the Lt BPW is guaranteed to be significant so
long as the Rt AA gap is significant (> 15 dB):
Lt BPW >Rt AAgap > 15 dB.
Furthermore, as in Fig. 7-17 (c), even when the Rt AA gap is small (< 10 dB), masking for the left
BC will be easy so far as the Lt AOB gap is small (i.e., 3 is large).
b) For AC, Lt APW is larger than or equal to Lt BPW. Thus, if Rt AA gap is significant, Lt APW is
also significant:
Lt APW> Lt BPW >Rt AAgap > 15 dB.
Even when masking for BC might be difficult, masking for AC will be easy so long as the SNC of
the test ear is large. However, the value of SNC cannot be predicted.

For practical purposes, AA gaps serve as a clear indicator to predict the difficulty level of
masking.

R L (Testear) R L (Testean R L (Testear)
BROCF2—{JBLO BROCI2—{O BLO BROC}2—{3BLO
( ‘\1 o ( \\: 0 /, 10
' \ GRO i
GRO =2 GRO -2 2Lt A0B gap |
4Lt 08 gur = pyerym s ol e
a0, |EAI—BRo) 20' |EA—BRY) RtAAZap} 120 "o ALo
50 \;._ ARO, 50 \‘ 5{;1;,“
ARO,of 1Al Rt AA gap 1aal, & e
RtAA gal’i 50 ix, ALO o1 [ x,AL0 S
1 \ \
6 Q ’8 : 70 3 6 70
1kHz 1 kHz 1 kHz
RtAAgap=5dB RtAA gap=15dB RtAA gap=10dB
LtAOB gap=60 dB <[aA=65dB  LtAOB gap=60 dB <IaA=65dB Lt AOB gap = 40 dB <IaA = 65 dB
6 =IaA —LtAOB gap=5dB 5=IaA —LtAOB gap=>5 dB 5 =IaA - Lt AOB gap = 25 dB
(a) (b) (©)

Figure 7-17 Lt BPW > Rt AA gap

Next, let us consider examples below. At 1000 Hz in [A-1], [B-1] [C-1] (cf. Fig. 7-14), masking for
the left AC is needed because the Lt AOB gap > 40 dB,

[A-1]: The Rt AA gap at 1000 Hz is 55 dB. The wide PWs for both AC and BC may be obtained (Lt
APW > Lt BPW > 55 dB), thus, we can expect that masking for the left AC and BC is easy.
[B-1]: The Rt AA gap at 1000 Hz is 25 dB. Although the PWs are smaller than those in [A-1], the

sufficient PWs of the left ear can be expected (Lt APW > Lt BPW > 25 dB).
In patterns [1], [2], [1°], and [2’], masking for the right BC is needed (cf. 5.8 [2]). Then, since the
apparent AB gap of the left ear (GLO) is large, we can predict that masking for the right BC may
be difficult (cf. Table 7-6).
[C-1]: The Rt AA gap at 1000 Hz is 10 dB (< 15 dB). Since Lt AOB gaps are large (> 40 dB), the Lt
BPW may be narrow. The same holds for Rt BPW. Therefore, we can expect that masking for
BC in both ears may be difficult or impossible (cf. 6-2 [1]). Masking for AC might also be
difficult. However, if either the Rt SNC or Lt SNC is large, the APW can be detected in one ear.
If the examiner could previously predict the result of the test, pure tone audiometry will be
performed more efficiently and becomes less of a burden on the participants being tested.

115



7.6 Masking windows of the present method

The AC and BC thresholds measured in the test ear exist within a certain range when masking in the
non-test ear. The range of the measured thresholds possible is termed a masking window (MW). The
difficulty level of masking is discussed by means of the MWs with the initial masking noise of this
method.

(1) Masking windows for AC: the range of the measured AC thresholds

Consider the configuration at 500 Hz in Fig. 7-18.

a) Pattern [4] (Fig. 7-19 [a]): when N1 of 60 dB HL (= ALO) is presented to the right ear, the AC

threshold measured in the left ear with N1 (AL1) exists within the range below:
ALO (=60 dB HTL) <AL1 <AL-CH level [1] (=80 dB HTL).

b) Other patterns except for pattern [4] (e.g., pattern [2]) (Fig. 7-19 [b]): with N1 of 60 dB HL in the
right ear, AL1 of 60 dB HTL (= ALO) is obtained. Therefore, the range of AL1 possible, i.e., the
masking window for AC in the left ear with N1 (AL-MW [1]) is as follows:

AL-MW [1]: ALO<ALI1<AL-CH level [1].

(=60 dB HTL) (=80dB HTL)
Noted that the AL-MW [1] (20 dB) is equal to Rt AA gap of 20 dB at 500 Hz.
R L R L
0] C3JC3CoCo BR* O-“—0BL0 BRO OJ-2—BL”
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Figure 7-18 Audiogram without masking Figure 7-19 AL-MWs

(2) Difficulty level of masking for AC

At each frequency in Fig. 7-20, when N1 for AC (= [ALO] dB HL) is presented to the right, better
ear by AC, the AL-MW [1] is equal to Rt AA gap at the test frequency. As the Rt AA gap is larger, the
AL-MW [1] becomes wider and masking for the left AC becomes easy. Namely, the true AC threshold
in the left ear is easy to obtain. By contrast, as the Rt AA gap is smaller, masking for the left AC might
become difficult. Therefore, in the actual examination, it is recommended that masking should be
started at frequencies with wide AA gaps. AA gaps are easy-to-grasp index to understand the difficulty
level of masking.

Rt AAgap
125Hz: 20dB 0
250 Hz: 25 dB o TP
500Hz: 20dB 20]
1000 Hz: 15dB 30| O\o\
2000 Hz: 10dB 0]
4000Hz:. 5dB wof ) 0\"\:\0/0
8000 Hz: 20dB el 4 ¥
70 oy j‘: 4
80] 1 4 *
(dF_HTL) _i_

125 250 500 1000 2000 4000 8000
(Hz)

Figure 7-20 Rt AAgap and Lt AC MW

116



(3) Masking windows for BC: the range of the measured BC thresholds
The masking window for BC in the left ear with N1 (BL-MW [1]) is as follows:

a) Pattern [4]: at 1000 Hz in Fig. 7-21, ALO is an SH threshold. When masking with N1 of 75 dB HL (=
AL* > ALO) in the right ear (Fig. 7-22 [a]), the BC threshold measured in the left ear with N1 (BL1)
exists between the OM level [1] and BL-CH level [1].

BL-MW [1]: OM level [1] < BL1 < BL-CH level [1].
(=15dB HTL) (=30dB HTL)
Note that the BL-MW [1] (15 dB) is equal to the Rt AA gap of 15 dB at 1000 Hz.

b) The patterns, except for pattern [4] (e.g., pattern [3°]): at 500 Hz in Fig. 7-21, ALOQ is a true threshold.
When masking with N1 of 60 dB HL in the right ear (Fig. 7-22 [b]), the range of BL1 possible is
between the BLO and BL-CH level [1].

BL-MW1]: BLO <BL1<BL-CH level [1].
(=0dB HTL) (=20 dB HTL)

The BL-MW [1] (20 dB) is equal to the Rt AA gap of 20 dB at 500 Hz.
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Figure 7-21 Audiogram with AC masking completed

Figure 7-22 BL-MWs

(4) Difficulty level of masking for BC

When masking with N1 for BC (= [AL*] dB HL) in the right ear, the BL-MW [1] is equal to the Rt
AA gap at the test frequency (Fig. 7-21). Therefore, masking for BC should be also started at
frequencies with wide AA gaps.

(5) Efficiency of masking

At 500 Hz in Fig. 7-18 on the preceding page, when a noise lower than N1 (e.g., N1’= 50 dB HL <
N1 =60 dB HL) is presented to the right ear, the AL-MW [1°] (10 dB) is smaller than the 20 dB of the
Rt AA gap (cf. Fig. 7-19 [a]) and the efficiency of masking for AC is reduced.

By contrast, if the noise levels are higher than N1, OM may occur, although the AL-MW might be
wider. To complicate matters, we are forced to consider whether the measured thresholds are the true,
SH, or OM thresholds. Therefore, the noises of this method are the most efficient in masking for AC. It
holds true for BC.

When AA gaps are large enough (> 40 dB), MWs are wide and masking for AC and BC is easy. In
these cases, we should avoid an excessive load of the noise on the non-test ear. It is discussed in
Lecture 8.

** Further note **

*) Even if the AA gap is small, masking for AC is not always difficult. When the true BC threshold in the test
ear is elevated to some extent, the APW is easy to identify.

*) The singular level means that the MW for BC has closed completely (cf. 5.7).
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7.7 Series of the audiometric patterns and their utmost limits

All patterns of audiometric configurations at some frequency are grouped into four series.
(1) Pattern [1] series (Fig. 7-23)

In pattern [1°], Lt PWs = Rt AAgap + 6 = 25 dB. When 6 = 0 dB, Lt PWs = Rt AA gap; i.c., pattern
[1]. The two patterns are termed pattern [1] series. Furthermore, if the Rt AA gap becomes smaller and
insignificant (Rt AA gap < 10 dB), the patterns shift to patterns [5°] and [5] (i.e., pattern [5] series). The
utmost limit of the pattern [1] series is the pattern [5] series.
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Figure 7-23 Pattern [1] series and its utmost limit

(2) Pattern [2] series (Fig. 7-24)

Pattern [2] series consists of pattern [2°] (IaA = Lt AOB gap + d) and pattern [2] (IaA = Lt AOB
gap). The utmost limit of the pattern [2] series is the pattern [6] series (pattern [6] and [6°]). The Lt PWs
of the pattern [2] series are the same as those of the pattern [1] series. Additionally, in the pattern [6]
series, since the difference between the true AC thresholds in both ears are insignificant, the poorer ear
by BC may be either the right or left (cf. Fig. 7-12).
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(3) Pattern [3] series (Fig. 7-25)

Pattern [3] series consists of pattern [3’] (IaA = Lt AOB gap + d) and pattern [3] (laA = Lt AOB

gap). The utmost limit of the pattern [3] series is the pattern [6] series.
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Figure 7-25 Pattern [3] series and its utmost limit

(4) Pattern [4] series (Fig. 7-26)

In pattern [4-0], the true AB gap of the left, poorer ear by AC is smaller than IaA (GL* < laA). In
pattern [4-1], GL* = laA. In pattern [4-2], the left ear has a complete hearing loss. Furthermore, if the
Rt AA gap becomes smaller and insignificant (Rt AA gap < 10 dB), each pattern [4] series shifts to
patterns [7-0], [7-1], and [7-2] (cf. 5.8 [3]). The utmost limit of the pattern [4] series is the pattern [7]
series.
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Figure 7-26 Pattern [4] series and its utmost limit

** Further note **
*) Let Rt AA gaps be smaller in 5-dB steps: 20 dB, 15 dB, 10 dB, 5 dB. The utmost limit is Rt AA gap of 0
dB. The focal point of Lecture 7 is an AA gap.
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7.8 Summary of Lecture 7
1. The plateau widths of audiometric configurations at a given frequency consist of five elements
below:
1) Rt6=1aA—GRO0>0dB 2)Ltd=TaA—GLO>0dB
3) Rt SNC=BR*-BL*>0dB 4) Lt SNC =BL*—BR*>0dB
5) ® = AL* —ALO (> 0 dB; only in patterns [4] and [7]).
Here, the case with no plateau is indicated using the symbol (-).

The right ear: the better ear by AC The left ear: poorer ear by AC

Patterns Rt APW Rt BPW Lt APW Lt BPW
[1] Lts=0dB ) ) Rt d Rt d
[2] Lts=0dB Rt SNC 0dB Rt S Rt S
[B] Lts=0dB ) ) Rt 6+ Lt SNC Rt o
[4]Lts=0dB ) ) Rtd+LtSNC-o  Rtd
[1’]Lt5>5dB Ltd Ltd Rt d Rt d
[2’]Lts>5dB Ltd+RtSNC  Ltd Rt & Rtd
[3’]Lt5>5dB Ltd Ltd Rtd+ Lt SNC Rt &

The right ear The left ear
Patterns RtAPW Rt BPW Lt APW Lt BPW
[5] Rt5=Lt5=0dB ) ) ) )
[6]Rt5=Lt5=0dB @) @) Lt SNC Rt 5 (=0 dB)
[7]Rt3=Lt5=0dB ) ) Lt SNC — o Rt 3 (=0dB)
[5’]Rt8=Lt5>0dB Ltd Lto Rt & Rt o
[6’]Rt5=Lt5>0dB Ltd Ltd Rtd+ Lt SNC Rt d

The general expression of Lt APW is as follows:
LtAPW=Rté +LtSNC —®
= (laA - GRO0) + (BL* — BR*) — (AL* — ALO0).

From this formula, Lt APW in each pattern is derived.

When o > 0 dB (AL* > AL0), the configurations are patterns [4] and [7].
When Rt 6 > 0 dB, pattern [4]: Lt APW =Rt 6 + Lt SNC — .

When Rt 6 = 0 dB, pattern [7]: Lt APW = Lt SNC — o.

When o = 0 dB (AL* = ALO), the configurations are patterns except for patterns [4] and [7].
When Rt 6 > 0 dB and Lt SNC > 0 dB (patterns [3], [3’], [6’]), Lt APW =Rt 6 + Lt SNC.
When Rt 6 = 0 dB and Lt SNC > 0 dB (patterns [6]), Lt APW = Lt SNC.

When Rt & > 0 dB and Lt SNC = 0 dB (patterns [1], [1°], [2], [2], [5°]), Lt APW = Rt &.
When Rt 6 = 0 dB and Lt SNC = 0 dB (pattern [5]), Lt APW is not present.

The basic formulas of Lt APW and Lt BPW are as follows:
Lt APW =Rt o, Lt BPW =Rt .

2. Three factors determine the difficulty level of masking for AC.
The first is the apparent AB gap of the right, non-test ear (GRO).
The second is the relative amount of sensorineural component in the left (test) ear (Lt SNC).
The third is the difference between the SH threshold for AC and the true AC threshold in the test ear
in patterns [4] and [7] (o = AL* — ALO >0 dB).
Even if GRO is equal to laA, Lt APW is wide so long as Lt SNC is large, and masking for AC
becomes easy.
3. Two factors determine the difficulty level of masking for BC.
The first is the apparent AB gap of the right (non-test) ear (GRO).
The second is the 1aB value.
When GRO is larger, Lt BPW becomes narrower and masking for BC becomes difficult. If GRO is
equal to l1aA, and IaB is 0 dB, then Lt BPW is either equal to 0 dB or not present. Masking for BC
becomes impossible.
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4. When Rt AAgap = ALO — ARO >0 dB, the plateau widths may be reduced to formulas including the
Rt AA gap. AA gaps serve as a clear indicator to predict the difficulty level of masking.

Patterns [1]

- [4]:

Rt 8 =1aA — GRO = Rt AA gap,

Patterns [1°] - [3’]: Rt 6 =TaA — GRO =Rt AA gap + Lt 6 =Rt AA gap + 6,
where Lt § is simply shown as 6.

When Rt AA gap > 15 dB, the configurations are either patterns [1], [2], [3], [4], [1°], [2°], or [3’].
When Rt AA gap < 10 dB, those are either patterns [5], [6], [7], [5°], or [6’].

1D Rtd=TaA—-GRO=Rt AAgap>0dB

3) Rt SNC=BR*-BL*>0dB
5) ® = AL* —ALO (> 0 dB; only in patterns [4] and [7]).

2) Lt =IaA - GLO=5>0dB

4) Lt SNC=BL*-BR*>0dB

Patterns Rt APW Rt BPW Lt APW Lt BPW
[1],[5]: 8=0dB () =) Rt AA gap Rt AA gap
[2],[6]: 6=0dB RtSNC 0dB Rt AA gap Rt AA gap
[3],[6]: 8=0dB @) =) Rt AAgap + Lt SNC Rt AA gap
[4],[7]: 5=0dB ) (@) RtAAgap+ Lt SNC— Rt AA gap
[1],[5°]:6>50dB ) ) Rt AA gap+6 Rt AA gap+ o
[2°],[6’]:6>5dB 6+RtSNC o Rt AA gap+96 Rt AA gap+6
[3°],[6’]:5>5dB o ) Rt AA gap+ 6+ Lt SNC Rt AA gap+6
1[111_ [2] . t[3] . 1[4]1_ (1 : 2 ) 2[3‘ )
P b R o KU o E o LU i I o o e ocHa sCp% 70
[P we 5{'-:1 e -1 IUSNC o }m o R sx{'I ] i IL' sNe
GR* 30 ] e 20 {9 20 | Hnesve —w 30 N RO 120 |9
L R 2 0t i o] o)
o o] ELR QYo B 042 e Eil ol 4| e
Rt AA gap| _.il l _5_;1,_ [ _5_0_ _5_3_ Rt A:\gﬂp[ ‘5‘3— ] —‘,‘—'}— ] _'\_r}_
ReMN M X0 Tl -0 % da 0 %0 4 51 20 {5 ; -{-“LXf e
=Nmay [70] Lemy  fro J 0 0] o AR 7-3:.4‘:33“ o ol
50 80 PR ? so fX* (=Rt Smax) |20 =Lt Nmax) |80 | l ] | 50 |
90 | 90 | | <0 | Tyl 50 o0 | 4 AN KT
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. 151 . [6] ’ l'f—ﬂ_ :[5. ) l[lﬁ’ ) ['ﬂlL 1[ﬁ'{
o mE +C 30 “CH20 1 6 ] e = L o KU VR (/o a2
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5. We may estimate the difficulty level of masking to some extent before masking although the PWs
cannot be established before the four elements (6, Rt SNC, Lt SNC, and ®) have been determined,

1) When Rt AA gap = ALO — ARO > 15 dB, since the minimum plateau width is equal to the Rt AA
gap (Rt AAgap <Lt BPW <Lt APW), Lt BPW and Lt APW are guaranteed to be significant (> 15
dB). We know masking for the left AC and BC is easy.

2) When Rt AA gap = ALO — ARO < 10 dB, the plateau method should be used. When both AOB
gaps are large (> 40 dB), we can expect that masking for both the BC may be difficult or
impossible. Masking for AC might also be difficult. However, if either Rt SNC or Lt SNC is large,
the APW can be detected in one ear. As a result, the OM method is applicable.
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6. When Rt AA gap is larger, masking for the left AC becomes easy. Therefore, it is recommended that
masking for AC should be started at frequencies with wide AA gaps. The same holds for BC.

C3JCa3C3cC3a
cCa

0 | 0 ]

10 10
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20] 20| i 1 1—
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50 50
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7. All patterns of audiometric configurations at a given frequency are grouped into four series.
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