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The relation among critical ratios, critical bands,
and intensity difference limens in the parakeet
(Melopsittacus undulatus)

ROBERT J. DOOLING and MARGARET H. SEARCY
Rockefeller University, Field Research Center, Millbrook, New York 12545

Intensity difference limens obtained for the parakeet using amplitude modulated pure tones
indicate a Weber fraction (AI/I) of about .23 to .43 over a range of five test frequencies.
These values are lower than previous measures of intensity resolving power in this species
and are in perfect agreement with previously published critical ratio and critical band data

for the parakeet.

Bilger (1976) has recently suggested a resolution to
the problem of “directly” measured critical bandwidths
being 2.5 times wider than “indirectly” measured
critical bandwidths as inferred from broadband masking
data. Fundamental to the resolution of this issue is the
notion that masking data and intensity discrimination
data can often be treated interchangeably (Bos & deBoer,
1966; Green, 1960; McGill & Goldberg, 1968; Miller,
1947). Critical ratio and critical band data are in agree-
ment if one accepts that the task involved in a critical
ratio experiment is, as Bilger states, “to discriminate
an intensive difference between.a critical bandwidth of
noise alone and a critical bandwidth of noise plus
signal” (1976, p. 194). Thus, the somewhat arbitrary
assumption that at masked threshold the signal power
and the noise power in the critical bandwidth are equal
is faulty. Since this line of reasoning accounts for the
discrepancy between critical ratio and critical band
data in the human, it would seem of interest to examine
the relation among critical bands, critical ratios, and
intensity difference limens in other species. As far as we
know, all three of these measures are available for only
three species: cat, mouse, and parakeet.

The problem of relating critical bandwidths with
inferred bandwidths from critical ratio experiments,
then, is that bandwidths estimated from broadband
masking data are too narrow. In fact, they are too
narrow by a factor equal to the Weber fraction for
intensity. Otherwise stated, critical bandwidth = critical
ratio X 1/Weber fraction. Data available for the cat at
1,000 Hz indicate a directly measured critical bandwidth
of 345Hz (Pickles, 1975), an inferred bandwidth of
144.5 Hz (Watson, 1963), and a Weber fraction for
intensity (AI/I) of .521 (Rabb & Ades, 1946). The
observed Weber fraction for intensity obtained from the
difference limen experiment is slightly larger than one
would expect from the critical ratio and critical band
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data for the cat at 1,000 Hz. Similarly, Ehret (1975b,
1976) has shown for the mouse that bandwidths esti-
mated from critical ratio experiments are about the
same size as directly measured critical bands. This re-
lation would lead one to expect a Weber fraction for
intensity of about 1.0 for the mouse. Instead, intensity
difference limens for the mouse show a Weber fraction
of 2.0 (Ehret, 1975a). In the parakeet, also, the relation
between directly measured critical bandwidths (Saunders,
Denny, & Bock, 1978) and inferred bandwidths from
broadband masking experiments (Dooling & Saunders,
1975a) would lead to an expected Weber fraction for
intensity of about 40, in contrast to the obtained
Weber fraction of about 1.0 (Dooling & Saunders,
1975b).

Figure 1 shows the relation between previously mea-
sured critical bands and critical ratios. The critical ratio
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Figure 1. Comparison of critical ratio and critical band
functions for the parakeet. Critical ratio data are replotted
from Dooling and Saunders (1975a) and solid symbols are
critical band data replotted from Saunders, Denny, and Bock
(1978). Dotted line is the critical ratio function displaced up-
ward by a factor of 2.5 (or 4 dB).
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data are from Dooling and Saunders (1975a); the critical
band data (solid points) are replotted from Saunders
et al. (1978). The dashed line represents a displacement
of the critical ratio curve upward by a factor of 2.5
(or about 4.0 dB). This relation would lead one to ex-
pect a Weber fraction for intensity equal to: WF =
CR(Hz)/CB(Hz).

The magnitude and direction of the discrepancies
between these three measures in each species suggests
the possibility that differences in procedures for collect-
ing masking data and intensity difference limen data
are responsible. Specifically, it might be argued that
intensity difference limens obtained by amplitude modu-
lating a continuous signal would not only result in
smaller difference limens but would also more closely
approximate a simultaneous masking task than would
intensity difference limens obtained using pulsed sinu-
soids in a repeating background paradigm. The present
experiment measures intensity difference limens in the
parakeet at five test frequencies using amplitude-
modulated pure tones.

METHOD

The output of an oscillator was split and one part was passed
through a programmable attenuator. The second part was added
in phase to the output from thisattenuator, permitting extremely
accurate control of increments in intensity. The birds were
tested in the presence of a continuous pure tone at a sensation
level of 55 dB (Dooling & Saunders, 1975a). A trial consisted of
intensity increments in this signal having durations of 500 msec
and rise-fall times of 50 msec. Five such increments were pre-
sented at the rate of 1 Hz.

The birds were trained and tested in a tubular restraining
device described previously (Dooling, 1973). Failure to respond
to the five intensity increments resulted in a buzzer and shock
being paired with the stimulus until a correct response occurred.
This instrumental avoidance procedure was used with the
method of limits to measure intensity difference limens in two
parakeets. The procedure was employed exactly as described
before in measuring frequency difference limens (Dooling &
Saunders, 1975a), intensity difference limens (Dooling &
Saunders, 1975b), and duration difference limens (Dooling &
Haskell, 1978) in the parakeet. In all, intensity difference
limens were obtained at the test frequencies of .5, 1.0, 2.0,
4.0, and 5.7 kHz. Both directly measured critical bandwidths
and inferred bandwidths from critical ratio measurements are
available at these test frequencies for the parakeet.

RESULTS

Twenty final threshold determinations (10 from each
bird) were available for each test frequency. The recipro-
cal of the Weber fraction for intensity was computed for
each of the 20 threshold measures and multiplied by the
critical ratio (in hertz) to obtain the critical bandwidth.
These critical bandwidths are shown by the solid data
points in Figure 2. As before, the critical ratio data are
from Dooling and Saunders (1975a) and the critical band
function is merely the critical ratio function displaced
upward by a factor of 2.5 (or 4 dB). As can be seen, the
fit between the hypothetical critical band function and
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Figure 2, Comparison of critical ratio and critical band data
of previous figure with the Weber fraction for intensity at five
frequencies. Solid symbols are the critical ratio in hertz multi-
plied by the reciprocal of the Weber fraction for intensity at
each frequency.

the critical bandwidths calculated from the product of
the critical ratio and the reciprocal of the Weber fraction
for intensity is quite good.

DISCUSSION

Both the critical ratio and the critical band functions for the
parakeet show a pattern of masking as a function of frequency
that is dramatically different from that observed in other species
(including man). Historically, it has been argued that the critical
band represents the mechanical frequency resolving power of
the cochlea (Fletcher, 1940). It is generally accepted that the
place of maximum displacement is organized logarithmically
along the basilar membrane (Békésy, 1960) and, as a conse-
quence, critical bands are viewed as representing constant
distances along the basilar membrane for any one species (Ehret,
1975b; Greenwood, 1961, 1962; Watson, 1963).

While it is well established that at least in the chicken (and
most probably in other birds) frequency is also organized log-
arithmically along the basilar papilla (Békésy, 1960), the peculiar
shape of the critical ratio and critical band functions preclude
an extension of the idea that critical bands represent equal
distances along the parakeet basilar papilla (Dooling & Saunders,
1975a). It is interesting in this regard that in spite of the dis-
sociation between frequency mapping on the basilar papilla
and critical band mapping on the basilar papilla, the relation
between critical ratios, critical bands, and intensity difference
limens shows the same pattern as that observed for man (Bilger,
1976). Several possibilities suggest themselves. First, in the
frequency region of 2.8-4.0 kHz, the parakeet critical ratio
function does increase at the rate of about 3 dBjoctave, a
pattern characteristic of the critical ratio functions of most
other vertebrates. Perhaps frequency position and critical band-
width have the expected relation over this very narrow range of
frequencies but not for higher or lower frequencies. Second, it
may be that the mechanism that accounts for critical band
effects in the parakeet is simply not as peripheral (i.e., mechani-
cal) as its counterpart in other vertebrates.

Regardless of the final resolution, the present data are
clearly in support of the notion that in a masking situation
involving broadband noise and a narrow signal, the task is one
of detecting the difference in intensity between a critical band
of noise alone and a critical band of noise plus signal.



302 DOOLING AND SEARCY

REFERENCES

BEkEsy, G. V. Experiments in hearing. New York: McGraw-Hill,
1960.

BILGER, R. C. A revised critical band hypothesis. In S. K. Hirsh,
I. J. Eldredge, 1. J. Hirsh, & S. R. Silverman (Eds.), Hearing
and Davis: Essays honoring Hollowell Davis. Saint Louis:
Washington University Press, 1976.

Bos, C. E., & DEBOER, E. Masking and discrimination. Journal
of the Acoustical Society of America, 1966, 39, 708-715.

DooLing, R. J. Behavioral audiometry with the parakeet (Melop-
sittacus undulatus). Journal of the Acoustical Society of
America, 1973, 53, 1757-1758.

DooLING, R. J., & HaskeLL, R. J. Auditory duration discrimina-
tion in the parakeet (Melopsittacus undulatus). Journal of the
Acoustical Society of America, 1978, 63, 1640-1642.

DooLiNG, R. J., & Saunpers, J. C. Hearing in the parakeet
(Melopsittacus undulatus): Absolute thresholds, critical ratios,
frequency difference limens, and vocalizations. Journal of Com-
parative and Physiological Psychology, 1975, 88, 1-20. (a)

DooLING, R. J., & SAUNDERS, J. C. Auditory intensity discrimina-
tion in the parakeet (Melopsittacus undulatus). Journal of the
Acoustical Society of America, 1975, 58, 1308-1310. (b)

Enret, G. Frequency and intensity difference limens and non-
linearities in the ear of the house mouse (Mus musculus). Journal
of Comparative Physiology, 1975, 102, 321-336. (a)

EHRET, G. Masked auditory thresholds, critical ratios, and scales
of the basilar membrane of the house mouse (Mus musculus).
Journal of Comparative Physiology, 1975, 103, 329-341. (b)

EHRET, G. Critical bands and filter characteristics in the ear of the
house mouse (Mus musculus). Biological Cybernetics, 1976, 24,
35-42.

FLETCHER, H. Auditory patterns. Review of Modern Physics, 1940,
12, 47-65.

GREEN, D. M. Auditory detection of a noise signal. Journal of
the Acoustical Society of America, 1960, 32, 121-131.

GrREENWOOD, D. D. Critical bandwidth and the frequency coor-
dinates of the basilar membrane. Journal of the Acoustical
Society of America, 1961, 33, 1344-1356.

GREENWOOD, D. D. Approximate calculation of the dimensions of
travelling wave envelopes in four species. Journal of the
Acoustical Society of America, 1962, 34, 1364-1369.

McGiLL, W. J., & GOLDBERG, J. P. A study of the near miss
involving Weber’s law and pure-tone intensity discrimination.
Perception and Psychophysics, 1968, 4, 105-109.

MILLER, G. A. Sensitivity to changes in the intensity of white noise
and its relation to masking and loudness. Journal of the
Acoustical Society of America, 1947, 19, 609-619.

PickLEs, J. O. Normal critical bands in the cat. Acta Otolaryngol-
ogy, 1975, 80, 245-254.

Raas, D., & Apes, H. Cortical and midbrain mediation of a
conditioned discrimination of acoustic intensities. American
Journal of Psychology, 1946, 59, 59-83.

SAUNDERS, J. C., DENNY, R. M., & Bock, G. R. Critical bands in
the parakeet (Melopsittacus undulatus). Journal of Comparative
Physiology, 1978, 12§, 359-365.

ScHARF, B. Critical bands. In J. V. Tobias (Ed.), Foundations
of modern auditory theory. New York: Academic Press, 1970.
WartsonN, C. S. Masking of tones by noise for the cat. Journal of the

Acoustical Society of America, 1963, 35, 989-997.

(Received for publication January 31, 1979.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




