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I recall poring over some articles back in 1980 that were even quite old at that time. As far back as
1970, Carhart and Tillman1 suggested that we should have some speech-in-noise measure that can
be performed clinically. Indeed, the 1970s saw a proliferation of new speech tests that were
designed to be performed in a noisy background—names such as Plomp, Findlay, Olsen, and
Jerger commonly popped up in the literature attesting to the benefits of speech-in-noise testing.

There were two problems with speech-in-noise-based word recognition tests back then:

1) The steep slope of the performance-intensity (PI) function, and

2) What to do about it.

Directional hearing aid microphones and assistive listening devices were only in their infancy at
that point; even if a benefit could be demonstrated by improving the signal-to-noise ratio (SNR),
this would not result in anything substantive clinically. The other problem was the slope of the PI
function for speech-in-noise tests.

Figure 1 shows a “typical” PI function that we all learned about in school for single syllable words
in quiet and in noise. The slope of the PI function is a measure of how much percentage change in
word recognition ability there was as a function of presentation level or SNR.
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Figure 1. A Performance-Intensity (PI) function showing changes in WRS (%) as a function of
SNR (dB). Such curves can also be obtained in quiet using dB SL as the x-axis. The middle region
is where the slope is the steepest with potentially the greatest WRS improvement for a given
increase in SNR.

Early tests, such as the W-22, had a slope of about 2%/dB, meaning that for each increase in
presentation level of 1 dB, there was an increase in word recognition ability of 2%.

When any noise was presented, the slope of the PI function increased by a factor of 4 to 5, meaning
that an increase in SNR of 1 dB would translate to an improvement in word recognition ability by
10%. Indeed, this 10% improvement for every 1 dB improvement in SNR underlies the increased
sales of assistive listening devices and use of directional microphones.

But Wait a Minute...
However, let’s take a step back. This 10% improvement can only be obtained when one is in the
middle of the PI function, and depending on the nature of the noise and of the speech stimulus
used. It is true that, with single syllable words when measured in the center of the PI function, the
slope is on the order of 10%/dB. But if we measure an improvement in more adverse listening

situations, the improvement may be negligible. With the types of noise that Plomp et al.2,3 used in
the 1970s, at most he was only able to get improvements of 7%/dB. Others, using other types of
noise, could only obtain 3%/dB.

There is also an inherent test-retest reliability issue when it comes to steeply sloping functions such
as a PI function with noise. A small change in presentation level can result in a large change in
WRS percentage correct. Presentation of any complex stimulus, such as speech, has peaks and
valleys, and it can be misleading to talk about speech being at 65 dB SPL—there are elements of
speech that will be much greater and others that will be lower. This casts doubt on the validity of
any exact numbers and any corresponding “improvements.”

At most—and this is actually still a lot—we can say that using directional microphones may help
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your client communicate better in a difficult listening situation, but for some that the benefit may
be minimal. It’s like chicken soup: it may not help everyone, but some swear by it! At least it
won’t hurt—unless you are allergic to chicken.

References
Carhart R, Tillman TW. Interaction of competing speech signals with hearing losses. Arch1.

Otolaryng. 1970;91:273-279.

Plomp R. Auditory handicap of hearing impairment and the limited benefit of hearing aids. J2.

Acoust Soc Am. 1978;63(2):533-49.

Plomp R, Mimpin AM. Improving the reliability of testing the speech reception threshold for3.

sentences. Audiology. 1979;18:43-52.

Reprinted with kind permission from hearingreview.com. October 2013.


	Canadian Audiologist
	Slope of PI Function Is Not 10%-per-dB in Noise for All Noises and for All Patients


