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c. Maskzng 

Simultaneous Sounds . In general, the simultaneous presence of two 
sounds re duces the sensitivity of the ear to one or both of the sounds. 
In some cases all subj ective traces of one of them may even be elimin­
ated. This phenomenon is known as masking. It can be evaluated by 
measuring the pressure level of single frequency tones when they just 
become detectable in the presence of the masking sound and again 
under quiet conditions. A plot of these differences, or threshold shifts, 
against freguency is called a masking pattern or masking spectrum. ' 
100,. --, , The masking patterns 
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produced bya 1200cycle 
tone, as measured by 
WEGEL and LANE [47J. 
are sl~own on Fig. 9. These 
patterns display t wo 
features of masking that 
are particularly worthy 
of note : (1) the chief 
effect is on sounds of 
higher freguency than the 
frequency of the masking 
sourid, and (2) high level 
sounds , can cause large I "~U 

o 800 I~OO 24 00 3200 40001 amounts of masking over 
fRtQUENCY IN CVCl ES PER SECOHO b d f 

a roa rcgucncy range. 
F ig, 9, Masking cffcct of a 1200cyclc tone on tones '.' ~ 

of o!'llcr frcqucncics (vVEGELand L AN'E [47J). fh e masl~mg ..,ounds of 
ordinary life are usually 

broad bands of noise. Givcn the pressure spectra of such sounds, 
thcir masking patterns ca.n be derived. The ncccssary relationships 
were established by FLETCHER and MUNSON [48J and supported by 
data reported bter by HA \V KINS and STEVENS [49J. 

R esidual 1IL asking. I nstead of ccasing abru ptly at the cessation of 
a sound st imulus, masking continues for a furth er period [50J, [51 J, 
[52]. Dimini shing with t ime, thc m,tgnitude of this residual masking 
or auditor)' fatigue, also depcnds upon other factors, inc1uding the 
freguency, in tcnsity and durat ion of th e stimulus and the frequency 
at ,wh ich the masking is measured. \ Vith short sounds of moderate 
intensity thc cffcct lx;comcs negligible within a few tenths of a second. 
However, it may be large enough to be a factor in the recognition of 
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low intensity sounds in speech, where such sounds follow irrimediately 
after more intense sounds. 

d. Pitch 

P itch is a term used to design'ate one of the attributes of auditory 
sensations. Although this attribute is hard to describe, it is gene rally 
associated with subj cctive impressions of highness or lowness. 

Pure T ones. With pure tones, high pitch i.s commonly associated 
\vith tones of high freguency, low pitch with tones of low freguency. 
STEVENS and VOLKMA NN [53J have shown that this attribute is not 
directly proportional to freguency, i.e., the sensation produced by a 
tone of say 2000 cycles docs not appear to be twice as high ,as the 
sensation caused by a J 000 cycle tone. This lack of proportionality 
led them to establish a pitch scale. The unit chosen for designating 
pitch was called the mcl and the pitch of a 1000 cycle tone 40 db above 
threshold was arbitrarily assigned a value of 1000 mc1s. Using this tone 
as a starting point, two proccdures were used to establish the scale. 
In one, observers were asked to adjust the fregucncy of a second tone 
(also 40 db above threshoId) until its pitch sccmed to them to be "half 
as high" as the pitch of the reference t one. This t est thus gavc the fre­
guency of a tone which 
has a pitch of 500 mels. 
Similar tests gave the 
frequencicscorresponding 
t o other pitches such as 
250 and 2000 mels. In 
another type of test, the 
freguency of a t one was 
adjusted until its pitch 
seemed "mid-way" be­
tween the pitches of two 
other tones. These two 
procedures gave con­
sistcnt rcsnlts which were 
combined to give the re­
lationship between pitch 
and freguency shown in 
Fig.IO. , 

.3 &00 

3200 , 

Z800 , 

on 
-' w 

240 

1 zoo 
?; 
:r 
~ 160 
ii: 

' \20 

) 

, 

, 

, -1/lOO ,+--
8 0 

4 0 ) 

""I., 

- " - -

l . 
il 

d« • .t . I 
1/ 

/ <-:;:> 
-1k ~ 

, - - / 
.1 • 

/' 
/ 

~. I ',~.~:-~ ,~~ :L .. 

fR.l:QU EN CY IN CVCL ES PER S((o ... o 

.L 

'1'" 

F ig , 10. R cla tion bct\\"ccn p itch and thc frequency 
of pure toncs 40 o b abo\'C thrcshold (STE\"L"S 

and VOLlD!A :->:-> rS31). 

e 

e 

_____ I 

e 
J)c'Q.. 
LL~a 



79 

low intcnsity sounds in speech, where such sounds follow inimediately 
after more intense sounds. 

d. Pitch 

Pitch is a term used to designate one of the attributes of auditory 
sensations. Although this attribute . is hard to describe, it is generally 
associated with subjective impressions of highness or lowness. 

Pure Tones. With pure tones, high pitch i.s commonly associated 
\vith tones of high frequency, low pitch with tones of low frequency. 
STEVENS and VOLK:'!A~N [53] have shown that this attribute is not 
directly proportional to frequency, Le., the sensation produced by a 
tone of say 2000 cycles does not appear to be twice as highas the 
sensation caused by a 1000 cycle tone. This lack of proportionality 
led them to establish a pitch scale. The unit chosen for designating 
pitch was called the mcl and the pitch of a 1000 cycle tone 40 db above 
threshold was arbitrarily assigned a value of 1000 mels. Using this tone 
as a starting point, two proccdures were used to establish the scale. 
In one, observers were asked to adjust the frequency of a second tone 
(also 40 db above thrcshold) until its pitch secmed to them to be "half 
as high" as the pitch of the rcference tone. This test thus gave the fre­
quency of a tone which ,-
has a pitch of 500 mels. 

3600 

Similar tests gave the 
frequencies corresponding 
to other pitches such as 
250 and 2000 mels. In 
al10ther type of test, the 
frequency of a tone was 
adjusted until its pitch 
seemed "mid-way" be­
tween the pitches of two 
other tones. These t\\'o 
procedures gave COI1-

sistent r(,Slllts which were 
combincd to give the re­
lationship between pitch 
and frequency shown in 
Fig.10 . . 
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FIGURE 12.7. The heavy IIne Is the mel scale from tevens and Volkman (1 9402. 
he thlnner IIne corresponds to pltch glven by fre~y In Hz, and the dashed 

line shows p itch proportional to octave number (the musical scale), ~ 
~ /l/ .&vL cl .fl-t.,c'y. ( 

to a difference of 1550-1000=550 mels. 
Zwicker and his colleagues (Zwicker and Fast] , 1990) invent d a diff r nt mel 

scale, with 125 Hz et equal t 125 m l and s anning ab ul 2400 m Is that 100 
me]s corr ponded t ark. A pari s n with physi 1 i aJ 
suggested that b th ca l mi ght lT sp nd t distan 
membrane for points f maximum x ita ti n, su h lhal 10 
from apex to stape . A simil ar calculati n y Zwisl ki ( I 

ark ,.. 1 I III 

nclud d lhat n 
mel corresponded to 12 primary audit ry neur ns and that n cri ti al and c rr -
sponded to 1300. 

Because the critica] band number (B ark) is a measur of auditory re olu ti n, 
usually measured by masking in some form, the correspondence betw en critical 
bandand cochlear distances seems natural. Masking occurs when excitation 
patterns collide. The correspondence between pitch and place, while appealing, is 
less necessary on logical grounds; it is more a matter of faith. 

The mel scale has frequently been criticized because it contradicts the use of 
pitch in musical practice (e.g. Attneave and Olson, 1971). The review chapter on 
pitch scales by Bums and Ward (1982) does not even mention the mel scale. It has 
also been criticized on psychoacoustical and physiological grounds by Greenwood 
(1990, 1991 , 1995) who argued that the cochlear map, the critical band function , 
and the scale of pitch should all be c10ser to logarithmic, with less flattening at low 
frequency . The Cam scale comes c10ser to Greenwood's (1961) critical band than 
does the Bark scale (see Chapter 10). 

The scaling of pitch that leads to the mel scale is sensitive to many experimental 
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