Technical Addendum to the Familiar
Sounds Audiogram (FSA)

Uchanski & Davidson; December 5, 2024

This document provides technical details and references to explain the rationale behind: 1) the
shape, size and placement of the speech region; 2) the placement of the selected Ling 6 speech
sounds; and 3) the placement of other familiar sounds along the outside of an audiogram. A few
published studies offer background information on speech areas within audiograms, including
their historical development (e.g., Tyler, 1979, as cited in Humes, 1991). Significant variations in how
speech regions are depicted have been noted, largely due to differences in the chosen average
speech level (Olsen, Hawkins & Van Tasell, 1987). More recent research highlights substantial
inaccuracies and variability in familiar sounds audiograms currently in circulation, calling for
revision and standardization (Hillis, Uchanski & Davidson, 2023).

1. DESIGN OF SPEECH REGION ON AN AUDIOGRAM: Depiction of a speech region on an
audiogram requires knowledge of the mean spectrum of speech, the overall level of the speech,
and the dynamic range of speech, as well as a conversion from dB SPL to dB HL.

a. Mean Spectrum of Speech, or Long-term Average Speech Spectrum (LTASS): The
mean spectrum measurement shows the average intensity levels of speech, from a long
recording, at different frequencies. The mean spectrum levels for this Familiar Sound
Audiogram’s (FSA's) speech region (which correspond to an approximate vertical mid-
point of the speech region, prior to dB HL conversion) are based on the Long-Term Average
Speech Spectrum (LTASS) for adult female speech from the study of Byrne et al. (Table
Il, 1994). By design, this same female LTASS is used to create the ISTS test signal (Holube
et al., 2010). Additionally, 1/3-octave band analysis shows that 90% of speech energy is
concentrated in low frequencies, i.e., at or below 800 Hz.

b. Overall Level of the Speech: The overall level of conversational speech chosen for the
speech region in this FSA is 60 dB SPL. This level corresponds to a typical vocal effort by
the talker, and a distance of 1 m (-3-4 ft) between the talker and listener. This overall level
is supported by Boothroyd (2019), Olsen (1998), Pearsons, Bennett, & Fidell (1977), Cox,
Matesich, & Moore (1988, p. 1101), Stelmachowicz, Lewis, Hoover, & Nishi (1993), Cornelisse,
Gagné, & Seewald (1991, Table 1, p. 49). Holube, Fredelake, Vlaming, & Kollmeier (2010, p.
892), and Skinner, Holden, & Whitford (1997).

c. Dynamic Range of Speech: The dynamic range of speech, chosen for each 1/3-octave
band in the speech region of this FSA, spans from +12 dB to -18 dB about the mean
spectrum level. This represents a dynamic range of 30 dB in each 1/3-octave band, which
is consistent with the dynamic range of speech used in Sll calculations and is supported
by the Audioscan Verifit manual (2021, p. 96; +12 dB to -18 dB re: LTASS correspond to L1
[99th-percentile, aka speech peaks] and to L70 [30th-percentile, aka the valleys of speech]
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respectively in each 1/3-octave band), Cox, Matesich, & Moore (1988, See Figure 1, p. 1101),
Holube, Fredelake, Vlaming, & Kollmeier (2010, See Table 3, p.899 and Figure 9, p.900), and
Byrne et al. (1994).

d. Conversion from dB SPL to dB HL: Thresholds for pure-tones are similar to thresholds for
1/3-octave-band- or octave-band-filtered signals. Justification for this statement is from
the studies of Pascoe (1975, Figure 2), Abouchacra & Letowski (1999, Table 2), and Cox
& McDaniel (1986, Tables | & II). Since thresholds for 1/3-octave band signals are similar
to pure-tone thresholds, minimum audible field (MAF) pure-tone thresholds, for binaural
listening in the free field to signals at O degrees azimuth, are used to convert dB SPL to dB
HL for 1/3-octave bands of speech. Others (Pascoe, 1980; Popelka & Mason, 1987; Chial,
1998; Boothroyd, personal communication, March 2024) have used binaural MAF thresholds
for this conversion. See Table 1, below, for a summary of the values for the speech region
of this FSA. See also Figure 1 for a visual representation of the speech region plotted on an

audiogram.

Table 1. Summary of values for the speech region in the FSA.

1/3-octave Mean Spectrum RETSPL (dBre dB HL (LTASS, dB HL (weak dB HL (intense
band center Level (dB SPL)’ 20 pPa) for free for avg 60 dB edge of_speech edge of_speech
Frequency (Hz) field testing? SPL)3 region) region)
125 401 221 8 -10 20
160 53.4 17.9 25 7 37
200 62.2 14.4 38 20 50
250 60.9 1.4 40 22 52
315 581 8.6 40 22 52
400 61.7 6.2 45 27 57
500 61.7 4.4 48 30 60
630 60.4 3.0 48 30 60
800 58.0 2.2 46 28 58
1000 54.3 24 42 24 54
1250 52.3 3.5 39 21 51
1600 517 1.7 40 22 52
2000 48.8 -1.3 40 22 52
2500 47.3 -4.2 41 23 53
3150 46.7 -6.0 43 25 55
4000 45.3 -5.4 41 23 53
5000 44.6 -1.5 36 18 48
6300 45.2 6.0 29 " 41
8000 449 12.6 22 4 34

Values are from Byrne et al (1994) for female speech with an overall level of 70 dB SPL.
2Reference equivalent threshold sound pressure levels (RETSPLs) (dB re 20 uPa) for free field testing from Table 9,
ANSI S 3.6 (2010). These values are identical to those in the ISO 389-7 (2019) standard.

3Values are from the 2" column, adjusted to an overall speech level of 60 dB SPL, then adjusted by
the appropriate frequency-dependent RETSPL value, and rounded to the nearest integer.
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Figure 1. Audiogram depicting the resultant dB HL values for the 60 dB female LTASS,
with its dynamic range (+12 dB and -18 dB).
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2. LING 6 SOUNDS:

a. FREQUENCY DATA:

Vowel formant frequencies of adult female speech are the average values from
published works by Peterson & Barney (1952), Hillenbrand, Getty, Clark & Wheeler
(1995), and Lee, Potamianos & Narayanan (1999) as shown in Table 2 below.

Table 2. Formant frequencies of adult female vowels /a/, /i/ and /u/ from three

studies.
Petersor(\gsB;)rney HiIIenbr(a:\]gg:)t al. Lee et al. (1999) AVERAGE
Vowel F1(Hz) F2 (H2) F1(Hz) F2 (H2) F1(Hz) F2 (Hz2) F1(Hz) F2 (H2)
/a/ 850 1220 936 1551 894 1459 893 1410
/il 310 2790 437 2761 360 2757 369 2769
/u/ 370 950 459 1105 412 1388 414 1148

Nasal /m/ of adult female speech: The spectral peak of /m/ is based on the
published works by Pittman, Stelmachowicz, Lewis & Hoover (2003, Fig. 3, p. 653),
Boothroyd, Erickson & Medwetsky (1994, Table 1, p. 436), and Scollie et al. (2012). The
primary spectral peak for /m/ is 250 Hz in all three studies.

Fricatives of adult female speech: Spectral peaks for fricatives are the average
values from the published works by Pittman et al. (2003, p.654), Jongman, Wayland &
Wong (2000, Figure 2), and Scollie et al. (2012, Figure 1). Values are shown in Table 3.
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Table 3. Peak frequencies of /sh/ and /s/ for adult female speech from three studies.

Pittm&’;)ezg" 3°“9’?23;;)a" Scollie et al. (2012) AVERAGE

Fricative Peak (Hz) Peak (Hz) Peak (Hz) Peak (Hz)
/sh/ 4500 4332 2500 3777
/s/ 7300 7496 6360 7052

b. LEVEL DATA: The absolute levels and the relative levels (of vowels to other vowels, of a
vowel's F1to that vowel's F2, and of consonants to vowels) for the Ling 6 sounds on this
FSA were determined using the assumptions and steps described below.

The overall level of speech, for the speech region, is 60 dB SPL.

For typical vocal effort speech, vowels usually fall within a few dB of each otherin
their overall level (See House & Fairbanks, 1953, Fig. 4; Koenig & Fuchs, 2019, Fig. 1;
Horii, House & Hughes, 1971, Fig. 5). Thus, relative to each other, all three Ling vowels
will have the same overall level.

The levels of the three vowels are also assumed to be the same as the overall speech
level of 60 dB SPL.

The relative levels of a vowel’s formants (level of F2 relative to the level of F1) are
based on the levels of vowel formant spectral peaks in 1/3-octave spectra reported
by Scollie et al. (2012), and on the A1and A2 values from Peterson & Barney (1952,
Table Il, p. 183). See Table 4 below.

Table 4. Levels of Vowel Formants for /a/, /i/. and /u/, and Average Relative Levels
across Two Studies. Amplitude data from Peterson & Barney are relative to the level
of the first formant amplitude of the /2/ vowel for each speaker. Data from Scollie et
al. (2012) are after an adjustment to an overall vowel level of 60 dB SPL.

. Level of Second Formant Level of F2 to relative
Vowel Level of First Formant (F1) (F2) to Level of F1
Peterson Scollie et al. Peterson Scollie et al.
& Barney (2012); (dB & Barney (2012); (dB AVERAGE (dB)
(1952); (dB) SPL) (1952); (dB) SPL)
/a/ -1 54 -5 54 -2
/i/ -4 56 -24 52 -12
/u/ -3 55 -19 41 -15
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v. The relative level of F1to the overall vowel level is estimated from data of Scollie et al
(2012) and of Peterson & Barney (1952). In Scollie et al., these three vowels’ F1levels
are 4 to 6 dB below the overall vowel level, while in Peterson & Barney, F1levels are 1
to 4 dB below the first formant amplitude of the /2/ vowel, the most intense vowel in
spoken English. In this FSA, F1levels are set at 3 dB below the overall vowel level, for
all three vowels.

vi. The relative levels of the Ling consonants to the overall vowel level are based on data
from Levitt (1978, Chapter 3, Table 2, p. 96), Gordon-Salant (1986), and Pittman et al.
(2003, Figures 3-5) for /m/, and additionally on data from Jongman et al (2000) and
Freyman & Nerbonne (1989) for the fricatives. Average consonant-to-vowel ratios
(CVRs) from these studies are:

«/m/:-5.9 dB
«/sh/:-79 dB
- /s/:-149 dB

vii. The 1/3-octave band spectra of the Ling 6 sounds from Scollie et al. (2012) were used
to estimate dB SPL levels in specific spectral regions, which were then converted to
dB HL. See Table 5 below.

1. Forthe three vowels, their 1/3-octave band spectra were adjusted to the assumed
overall vowel level of 60 dB SPL. The dB SPL levels in the first formant frequency
region were then reduced by 3 dB (See step 2.b.v above), and then the levels
in the 2" formant frequency region were reduced, in dB, by values shown in
Table 4. Then, the F1and F2 levels in dB SPL were converted to dB HL using the
ANSI thresholds (RETSPLs in Table 1) nearest in frequency to the corresponding
1/3-octave band center frequency and rounded to the nearest integer dB value.

2. For each of the three Ling consonant sounds, their 1/3-octave band spectra were
adjusted to the average vowel level (60 dB SPL), and then additionally adjusted by
the appropriate consonant-to-vowel ratio (CVR) (e.g., for /m/, after adjustment
to 60 dB SPL, then subtract 5.9 dB). Then, the level in dB SPL at that consonant’s
spectral peak was converted to dB HL, using the ANSI threshold (RETSPL in Table
1) nearest in frequency to the corresponding 1/3-octave band center frequency
and rounded to the nearest integer dB value.
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Table 5. Frequencies and Levels of Ling 6 Sounds on this FSA. Note: The Ling Sounds
listed phonetically in the table below correspond to their respective pronunciations
on the FSA: /a/ as “ah", /i/ as “ee", /u/ as “00", /m/ as “m", /sh/ as “sh”, and /s/ as “s".

Spectral Level of | Level of
Ling F1(H2) Fllevel | F1level F2 (Hz) F2level | F2level P eak spectral | spectral
sound (dBSPL) | (dBHL) (dBSPL) | (dBHL) ?Hz) peak (dB | peak (dB
SPL) HL)
/a/ 893 51 49 1410 49 46
/i/ 369 53 41 2769 41 45
55 49 38 35

3. POSITION OF TWO FAMILIAR SOUNDS ALONG THE OUTSIDE OF THE AUDIOGRAM.

Images and labels of two familiar sounds appear to the left of the y-axis of the FSA, namely
“whisper” (Peterson & Gross, 1972) and “gas lawn mower” (Berger & Neitzel, 2016). These are
intended to serve as anchors in sound level; they convey well-known ‘soft’ and ‘loud’ sounds at
‘higher up’ and ‘lower down’ positions along the audiogram dB HL axis. These are positioned to the
left of the y axis partly to minimize visual clutter within the audiogram and partly due to the broad
spectral energy of each of these two sounds. The vertical placement of these two familiar sounds,
along the y-axis of the FSA, required knowledge of:

a. Distance from sound source for the reported sound level - Because the speech region of
the FSA represents conversational speech levels at a distance of ~ 3ft, the sound levels of
these two familiar sounds are also presented at a roughly comparable distance of 1m.

b. dB SPL to dB HL Conversion - The difference between dB SPL (Sound Pressure Level)
and dB HL (Hearing Level) varies across frequencies. For the purposes of this Familiar
Sounds Audiogram (FSA), we applied an adjustment of 15 dB (dB SPL - 15 = dB HL), used for
speech (Killion & Mueller, 2010), to both familiar sounds. No adjustment was made for the
A-weighting of the dB SPL measurements of either sound.

i. Whisper: Peterson & Gross (1972) measured the whisper at a distance of 150
cm. Using the ‘inverse square law’ for sound levels, which is a reasonable
approximation for sound propagation in large unimpeded spaces, the 30 dBA sound
level at 150 cm would be equated to a 33.5 dBA sound level at a distance of 1 m (30
dBA + 20*log(1.5 m/1 m). The 33.5 dBA measurement was then converted to 18.5 dB
HL by applying the 15 dB adjustment (dB SPL - 15 = dB HL).

ii. Gas Lawn Mower: Berger & Neitzel (2016) measured the level of the gas lawn mower
at a distance of 1 m; hence, no adjustment for distance was necessary. The recorded
level of 99 dBA was converted to 84 dB HL by applying the 15 dB adjustment (dB SPL
-15=dB HL).
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