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I. INTRODUCTION

The purpose of this study was to reformat and reanalyze data collected by George A.
Miller and Patricia E. Nicely (1955). They studied the perception of sixteen different
consonants, in consonant-vowel (CV) combinations, by human listeners. They measured how
well the consonants were discriminated as a function of signal-to-noise ratio (S/N), and as a
function of the part of the speech spectrum presented (filtering). Confusion matrices were then
formed based on the consonant presented and the response given. They analyzed performance in
terms of phonetic features. Performance was measured in terms of percent correct response and
in terms of information transmitted (IT).

In later studies, Wang and Bilger (1973) and Bilger and Wang (1976), looked at
consonant confusions in different situations. Wang and Bilger looked at consonant confusions
made by normally hearing listeners in the presence of noise, while Bilger and Wang looked at
confusions made by people with varying degrees of hearing loss. In the former study, it was
found that: 1) most of the transmitted information can be accounted for in terms of articulatory or
phonological features, and 2) there does not seem to be a unique, “natural” set of features as a
variety of combinations of features work equally well. In the latter study, it was found that there
tend to be certain patterns of confusions based on the type of hearing loss. Three classes of
hearing loss were found: 1) a fairly mild, flat hearing loss, 2) a more severe, flat hearing loss, or
3) a sloping, high-frequency configuration.

Another purpose for the present work is make the matrices of Miller and Nicely readily

available to scientists and educators.
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II. METHODS

Using OmniPage, the matrices from the Miller and Nicely study were scanned into a
word document, which was then transferred into an Excel file. A new matrix was set up in Excel
to calculate various figures, such as information transmitted, percent correct, and d-prime. We
were then able to rearrange the matrices in order to analyze certain features and gather
information. The matrices were set up for studying the following features: nasal/non-nasal,
voiced/voiceless, fricative/non-fricative, sibilant/non-sibilant (or duration, as used by Miller and
Nicely), anterior/non-anterior, place (three separate values), strident/non-strident, and
coronal/non-coronal. The matrices were first reanalyzed for the feature nasal/non-nasal to
ensure that these calculations agreed with those made by Miller and Nicely. Tables have been
made for proportion information transmitted (pIT), proportion of correct responses (pC) and d-
prime (d’). From the pIT, graphs were made for the signal-to-noise ratio (S/N), and low-pass
and high-pass filter conditions. The filter of 200-5000 cps was included in both the high and low
pass filter situations. Using stepwise regression analysis of the data collected, the features that
correlated most highly with overall performance were determined for S/N, low-pass filter, and
high-pass filter conditions.
III. RESULTS

The amount of information transmitted for the high pass, low pass, and S/N for each
feature are shown in Figures 1-3. Stepwise correlation procedures were conducted for each
stimulus dimension (i.e. high pass, low pass, and S/N).

For the high pass filter condition, the feature that correlated best with overall

performance was strident/non-strident. The correlation (R) was 0.999, and the Standard Error of

the Estimate (SEE) of 1.5846x10°%%. The ability to distinguish strident sounds from non-strident
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sounds predicts how well the other features are discriminated. How well this feature correlated
with the overall performance is illustrated in Figure 4.

For low pass filtering, strident/non-strident was the feature that correlated most highly
with overall performance (R=0.972, and SEE= 4.8416x10™%). When the nasals are added into
this equation, the R increased to 0.997, and the SEE decreased to 1.9950x10°2. The other
features add little to the correlation. How well these features correlated with the overall
performance is illustrated in Figure 5.

When the S/N was varied, the feature sibilant/non-sibilant was most highly correlated
with overall performance (R=0.992, and SEE=4.9370x10™%). When the feature nasal/non-nasal
was added to this, the R increased to 1.000, and the SEE decreased to 1.3203x10%%. The feature
strident/non-strident was also significant, and reduced the SEE to 4.4364x10, How well these
features correlated with the overall performance is illustrated in Figure 6.

IV. DISCUSSION

Essentially, the findings indicate that the studies by Bilger and Wang (1976) and Wang
and Bilger (1973) were correct in the finding that while the features may be useful, none is
unique. These findings imply that there is a continued need for another way to measure acoustic
similarities, due to the limits of feature analysis.

V. REFERENCES
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VI. GRAPHS, TABLES, AND MATRICES
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Anterior (-12 dB) broad band

K [ L M N o [ P [+ R s T T
1 g k g zh sum p -plog(p)
4 e 3 )
5 B e : A
6 e
7 = 5
8 A
9 ;- j
jifle} g ?
11 g
12 :
I3 W
14 : 238  [0.059 0.2409
15 e 3 284 |o.071 | 0.2700
16 v 29 38 240 |0.080 0.2436
17 v 23 77 232 |o.0s8 0.2383
18 5 o9 303 | 283 | 210 193 4000
19 : 1 0.076 | 0.085 | 0.052 | o048
20 i : s (TR 2 S L % § 0.28198 0.28818 0.22321 0.21101
2% “. ‘ ,, . , | Overall
22 ) Anterior [#Correct 2841 ] $ANtR  [#notAntR|sums ” #Correct|{ 1080
23 ntstim|3008 | plAnts)|0.752 #ANtC 2440 |#Ants 2440 | g8 3008 m pCorrect| 0.2700
24 #AntResp|3031 P(ANtR)|0.758 #Antl|1159 #notAnts| 591 | 401 902
25 sums 3031 | 989 | 4000 MLP(s) | 3.8980
26 Nordthit) | 0.27034 W MLP(r) | 3.8818
27 Anterior | MLP(s:r) | 7.0172
28 Nordi(fa) | 0.38739 MLP(s) | 0.8081 T(s:1). 0.9698
29 MLP() | 0.7988 pT(s:r) | 0.2402
30 , MLP(sr) | 15752
31 Beta(opt){0.330 T(s:r) | 0.0817
| 32 Beta(obs)0.698 pIT | 0.0392 ‘
2 |
34 ‘ W
35
36 ,




107 (-6 dB) broad band

K L M N o) & Q R S T
1 s I sh g zh sum
2
4 . . 7
5 : % :
6 = 3 L 5
8 _ e 3 z
9 - _ o
10 ~ e o
11 - v : %
14 107 1609 | 284 loor1 | 0.2708
15 3 1609 | 248 jo.082 . | 0.2487
16 : 1E-09 56 262 [0.083 | 0.2513
17 1E-08 129 252 |o088 | 0.2383
18 258 27 198 260 | 4000
19 P g : . 0.085 | 0.068 | 0049 | 0,087
20 |-plog(p) # o : #8950 0.26507| 0.26312 0.21485| 0.26189
21 Overall
22 Anterior |#Correct 3144 #AntR  [#notAntR|sums #Correct| 1860
23 AntStim | 2984 p(Ants)|0.748 #AntC|2566 |#Ants 2666 | 418 | 2984 pCorrect | 0.4660
24 #AntResp|3004 p(AntR)|0.751 #Antl 858 #notAnts| 438 578 | 1018 .
25 sums 3004 | 998 | 4000 MLP(s) | 3.9952
26 R Nord(hit) | 0.22266 MLP(r) | 3.9823
27 AntMis)| 0.140 Anterior MLP(s:r) | 6.1437
28 . i Nord(fa) | 0.39208 MLP(s) | 0.8176 T(s:) | 1.8338
29 (ANtCR)| 0.569 MLP(r) | o0.8087 :mc, 0.4590
30 MLP(sr) | 1.5041
31 g Beta{opt)|0.340 T(sir) | 0.1232
32 % Beta(obs)0.567 pIT 0.1507
33 =
34 ;
35 X
36
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