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ABSTRACT

The report summarizes the results of a program of research on com-
munication system evaluation from the standpoint of speech intelligibility
and speaker recognizability,

The history and present status of the Diagnostic Rhyme Test (DRT)
Form 111 are described along with the results of research relating to the
validity of the DRT in various applications.
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INTRODUCTION

Summarized below are the major accomplishments of the Speech
Research Group of the Sperry Rand Research Center under Air Force Contract
AF19(628)-4987 from May 1965 through November 1966.

Publications

No publications based on research conducted under this contract
have yet appeared in any of the relevant techmical journals. However, one
major report, "Diagnostic Evaluation of Speech Intelligibility," is pre-
sented here in essentially the form in which it will be submitted for pub-
lication in the Journal of the Acoustical Society of America, Eight other
reports, based on research conducted under Contract Ne., AF19(628)-4987, are
in various stages of preparation for submission to the appropriate technical
journals. They are tentatively titled as follows:

"The Physical Bases of Perceived Voice Characteristics,”

W. D. Voiers and J. Mickunas

"Fairbanks Rhyme Test as a Multiple-Choice Test,”
J. Mickunas and W. D. Voiers.

"Cross Validation of Two Methods for the Psychological
Scaling of Voices,”" J. Miller and W D. Voiers.

"Elementary Dimensions of Phonemic Confusion in Short-
Term Memory: A Re-examination of the Taxonomic Implica-
tions of Wicklegren's Results,” W, D. Voiers.

"The Elementary Dimensions of Malperformance in Channel
Scaling of Voices." J. Miller and W. D. Voiers.

“Elementary Dimensions of Malperformance in Chanrel
Vocoders: A Factor Analytic Study with the Diagnostic
Rhyme Test," W. D. Voiers, J. Mickunas and V. Miethe.

"An Item Analysis of the Diagnostic Rhyme Test,"
W. D. Voiers and V. Miethe.

Papers Presented

Three papers were presented at the fall 1965 meeting of the

Acoustical Society of America in St. Louis, Missouri. These were:
"Comparative Evaluation of Conventional Whispering and
Monotone Vocoder Speech,"” W, D. Voiers.

"Effect of Multiple Vocoderization and Consonant Intel-
ligibility." M. F. Cohen and W. D. Veiers.
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"Further Developments in Unit-Variance Scaling Method "

J. Mickunas

Dr. Voiers presented a paper at the fall 1706 meeting of the Acous-
tical Society of Americu, It was entitled:

"The Physical Bases of Perceived Voice Characteristics

Reports
In accordance with the terms of the contract, a technical report,

"Performance Evaluation of Speech Processing Devices 11, The Role of Indi-
vidual Differences,"” AFCRL-66-24, was submitted in December 1965

Conferences
Dr. Voiers visited the Stanford Research Institute, Palo Alto,
California in April 1966, to confer with Dr, Frank Clarke on matters of com-

mon interest in the area of voice recognition and intelligibility testing.

Dr. Voiers accompanied Mr. Caldwell Smith on a visit to Texas Instru-
ments, Inc., Dallas, Texas in April 1966, The purpose of the visit was to dis-
cuss problems related to the evaluation of the AFCRL Polymodal Vocoder.

Summary of Major Research Activities

The research activities conducted under this contract were directed
toward two major goals: (1) further refinement and validation of the tech-
niques developed under AF19(628)-4195 for the diagnostic evaluation of intel-
ligibility in speech processing systems and; (2) identification of the physi-
cal bases of perceived voice characteristics and the application of this
information to the solution of practical problems of system evaluation from
the standpoint of speaker recognizability. Substantial steps toward the
achievement of these goals were accomplished during the peried covered by
this contract, They are briefly reviewed below.

Diagnostic Evaluation of Intelligibility

Early in the course of the present contract steps were taken to
apply the insights gained in the course of AF19(628)-4195 to the develop-
ment of more refined and reliable techniques for the diagnostic evaluation
of veice communications equipment.

The most immediate result of this effort was a modified version
of the original Diagnostic Rhyme Test. This version of the test while still




providing for the measurement of consonant discriminability in only four
vowel contexts, utilized a different set of vowels than the original DRT.
While in the original DRT [i], [€], Tu] and [»] were used. [ae] was substi-
tuted for [¢] in Form II, [ae] was substituted for [£]. Otherwise it
employed only those items of the original DRT which were of empirically
demonstrated validity and reljability, Additional items were provided to
replace those found to be unsatisfactory in the original DRT. Unlike the
original DRT, however, Form 11 did not involve the repeated use oy certain
test words or word pairs, It also utilized a slightly different temporail
pattern of stimulus word presentation, This modification (designed to sim-
plify the task of the speaker) was subsequently abandoned, however.

Extensive tests with Form II of the DRT revealed its validity to
be equal if not superior to that of the original DRT., However, these tests

also revealed various means for further improving the test. As a consequence,

Form II was shortly abandoned in favor of Form I1I, Form III is the current
version of the DHT and embodies all of the insights gained in the course of
over two years of research on the problems of diagnostic evaluation of voice

communications equipment. It is described in detail at another point in
this report,

In the course of refining the Diagnostic Rhyme Test it became
necessary to undertake a fairly comprehensive program of research on various
basic issues concerning the nature of speech perception, in particular con-
cerning the nature of the elementary perception attributes of consonant
phonemes. The results of this effort have led to some potentially funda-
mental discoveries concerning the optimal taxonomy for consonant phonemes,
While this taxonomy appears to differ somewhat from the taxonomy on which
the DRT Form 111 was based, no changes thus far indicated (e.g., a change
in the classification of the liquids and glides from "positive"” to "neutral”
with respect to the atiribute, sustension), have operated to invalidate the
design of the DRT. However, the need for further research on this issue is
clearly evident,

As one phase of the program ror validating the DRT it was appro-
priate that relations between Diagnostic Rhyme Test scores and Fairbanks

Rhyme Test scores be extensively investigated. From the results obtained
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thus far it appears that the toial DRT score provides a gross figure of sys-
tem performance which is very nearly equivalent to that provided by the Fair-
banks test., Even closer equivalence can be achieved by differential weighing
of the various diagnostic scores yielded by the DRT. 1In this connection, it
might be noted that a diversity of results have emerged to attest to certain
serious deficiencies in the Fairbanks test 1In particular it has been found
that the Fairbanks test is virtually insensitive to system deficiencies in
the transmission of information with respect to the elementary consonant
attribute, sibilation. Again however the need for further research is evi-
dent .

Speaker Recognizability

Early in the course of the present contract an extensive program
of research was undertaken to refine the multidimensional (semantic dif-
ferential) method of classifying voices on the basis of perceived acoustic
traits and for evaluating the fideiity with which speecn processing systems
(e.g., voceders) transmit these traits An attempt was also made to iden-
tify the major acoustical correlates of these traits. (The bulk of this
work has been described in a scientific report, AFCRL-66-24 December 1965 )
It was discovered among other things that the psychophysics of voice per-
ception may undergo rather drastic qualitative changes under cer.ain condi-
tions involving impoverished speech. On one hand, the physical correlates
of certain perceived acoustic traits may shift qualitatively when the "nor-
mal" physical correlates of these traits are obscured On the other hand
the oblivation of certain minor, but perceptually significant acoustic
features may act to increase the strength of certain major psychophysical
relations - listeners evidently extract greater amounts of speaker iden-
tity from the remaining, unobscured physical voice traits While such
effects as these do not vitiate the voice rating approach to the evalua-
tion of speaker recognizability. they necessarily limit the scope of its
usefulness. 1t has become evident in any case that further research with
the voice rating method will be required to render it suitable for routine
purposes of system evaluation. The possibilities which merit considera-
tion in this connection include the provision of better standards for com-
parison in rating voices, improved instructions and illustrations of the
listener’'s task and the development of training methods for listeners
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Other research relating to the problem of speaker recognizability
was concerned primarily with the cross-validation of the four-dimensional
voice taxonomy developed in the course of extensive research with the voice
rating method, This involved an experiment in which listeners judge the
similarity of all possible pairs of voices for a samnle of 24 speakers., An
attempt was then made to scale the 24 voices using a method of "non-metric
multidimensional scaling” developed by Shepherd (Shepherd, Roger N., "The
Analysis of Proximities. Multidimensional Scaling with an Unknown Distance
Function, I," Psychometrika 27, 125-140, 1962). Thus far the results have
defied interpretation, though it is not possible at present, to determire
whether the fault lies with the experimental procedure or with the method of
analysis. Further research on this matter is needed. 1In particular it

would be desirable to investigate other methods of scaling the present data.

Services

During the course of this program a number of evaluations (DRT)
were performed on various vocoders in various operating modes. The results
of these evaluations have been transmitted in monthly letter reports.

To meet the immediate needs of the present program and also to pro-
vide materials for future use in research with the AFCRL Patterns Vocoder,
a diversity of speech materials was simultaneously recorded with three micro-
phones. These include a high quality ceramic microphone placed at a distance
of 20 cm from the speaker's; a dynamic microphone, slightly to the side, at
a distance of 4 cm and a "larynx microphone” held in contact with the speaker's
throat. Recorded materials included the following.
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SUMMARY OF RECORDED SPEECH MATERIALS

F. SPEAKERS
b= ~— — —
-] 13- 5] 1]
= St Tt 5
ot - Ee ] - =
© = E- = on x
St -] [ Q oy (-]
ey = = = o~ —
[} § ] ] ] ]
MATERIALS g 2 & 8 & 4
DRT-III lists 18 1-4 3-8 3,4,7.8  3-6 1-4
1.33 sec time
FRT lists
1.33 sec time 2,3,4 6.7 4,10,11 7 6
§entence list 1 -~ —— 4 times 4 times 2 times 2 times
Sentence list 2 -—— -—— 4 times 4 times 2 times 2 times
Sentence list 3 ~— -——- 4 times 4 times 2 times 2 times
"Gettysburg Address" 6 times  --- 4 times 4 times 2 times 2 times
"Fairy Tales" . R
(normal) - ——— 4 times 4 times 2 times 2 times
Fairy Tales —— -— 2 times 2 times 1 time 1 time
(style)
"Battle of Berkeley" -— —— 4 times 4 times 2 times 2 times
(normal)
"Battle of Berkeley _— —— 2 times 2 times 1 time 1 time
(style)
"On Writing"” -—— - 4 times 4 times 2 times 2 times
"Water Divides" --—- - 4 times 4 times 2 times 2 times
- .- -— 1 time

"Psychology Test"

1 time 1 time
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DIAGNOSTIC EVALUATION OF SPEECH INTE!LLISIBILITY

INTRODUCTION

Voiers and his cullaboratorsl have described the con-

structior and use of dn experimental, seven-dimensional t=zst

of initial consonant discriminability: the Diagnoustic Rhyme
Test {DRT). The DRT is a two-choice test, designed such that
the listener’s reaponse to each stimulus word provides an
indication of the discriminability of an elementary attribute
of consonant. phonemes. While conceived primarily for purposes
of diagnosing the inadequacies of communications systems and
components, the test appears to have some potential for evaluat-
ing the characteristics of speakers and listeners as well. This
report aummarizes the major results of experimental studies
with various forms of the DRT and presents a refined version
(Form II1) based on the results of research with earlier forms
of the test.




ISSUES IN THE DESIGN OF INTELLIGIBILITY TESTS

The Diagnostic Rhyme Test, in all forms, is based on a
fundamentally different principle than other intelligibility
tests in general use today. This difference in principle is
perhaps most apparent when the DRT is compared to the venerable
PB test of word recognizability,2 but important differences
algo exist between the DRT and some of the more recently
developed tests of consonant intelligibility (e.g., the
Fairbanks Rhyme Test,3 the Modified Rhyme Test of House
et gl,,a and the Phonemically Balanced Rhyme Test of Clarkes).
A test for consonant recognizability developed by Stevens,
Hecker and Kryter6 is perhaps most similar to the DRT in terms
of rhe motivation for its development and the general princi-
plas upon which it is based. Even here, however, there are
significant differences in method and in the assumptions made
concerning the nature of the speech recognition process.

Like the latter tests, the DRT is concerned exclusively
with the issue of consonant intelligibility, since the primary
motlvation for its design was the need for methods of evaluating
communicetion systems in which vowel intelligibility is normally
a problem of relatively minor consequence. Unlike them, however,
the DRT does not purport to test for consonant recognizability,
per se. Rather its purpose is to test for the discriminability
of mirimul differences among consonant phonemes in terms of
certain elementary phonemic attributes or distinguishing
features. Thus the listener's task with the DRT is not to
recognize speech sounds in the usual sense, but, in effect,
to discriminate the states of various elementary phonemic
attributes.

Recognition in the usual sense of the word, of course,
presupposes the discrimination of one or more such attributes,
but may also depend upon various extra-stimulus factors (e.g.,
the listener's expectations) which in the practical testing
situation, may complicate attempts to isolate the effects of




specific channel variables, speaker variables, or nonextraneous
listener variables. Therefore, even where ultimate concern

is with phoneme recognizability in the usual sense, a test of
the discriminability of variocus phonemic attributes may permit
better control of extraneous variables and ultimately provide

a more valid evaluation ¢f the potential of a speaker, channel,
or listener with regard to phoneme recognizability.

There are other theoretical and practical advantages to
the discrimination approach, as exemplified by the DRT. These
become particularly important where it is desirable to obtain
not only a gross measure of intelligibility but also to pinpoint
the specific deficiencies of a speaker, listener, or system
under test. Consider in this connection the nature of the
information yielded by more conventional tests of speech
recognizability, such as the PB word recognition test. Here,
the listener's task is to respond to a stimulus word by choos-
ing among an unspecified, if not unknown, set of alternatives.
A correct recognition response may indicate that some one or
more phonemic attributes has been correctly evaluated, but
the number and nature of these attributes remain unknowm so
long as the alternatives considered by the listener are like-
wise unknown.

Incorrect responses in a word recognition test are
potentially sources of diagnostic information, but the diver-
sity of incorrect responses potentially evokable by a given
word is normally so great as to render either automatic or
manual scoring on this basis altogether impractical. The fact
that errors may occur in any or all of several phonemes com-
prising a given PB word serves only to compound this inherent
shortcoming of the recognition approach,

The Fairbanks Rhyme Test and Modified Rhyme Test effec-
tively remedy the more comspicuous shortcomings of the PB
word test but retain several disadvantages of the recognition
approach. In both tests the practical problems associated
with an indeterminate response set are substantially reduced




through the restriction of stimulus ambiguity to a single
phoneme, Moreover, other features of the two tests provide
additional restriction of the response set. The Fairbanks

test provides at least implicit restriction of the response

set in that experienced listeners tend to confine their choices
to elements of the basic corpus of stimulus words used in the
test. Explicit specification of response options, as provided
by the Modified Rhyme Test and Phonemically Balanced Rhyme Test,
offers a more satisfactory solution, however, and serves effec-
tively to control such factors as the listener's past experience,
vocabulary and, perhaps, his intelligence.

There remains the question of how the response options
to a given stimulus word are to be selected. It is essential
that the significance of each erroneous choice should be
unambiguous and determinable, for, in general, each of the
erroneous choices will have different implications concerning
the characteristics of the channel, the speaker, or the listener
under evaluation. While this condition can be satisfied with
multiple choice tests in general, diagnostic scoring of errors
tends to be laborious and complicated with tests which provide
more than one alternative to the correct response. The situation
becomes especially complicated where it is desired that every
response option also serve as a stimulus word, for the dis-
criminative task facing the listener will change depending upon
which member of an ensemble of three or more words is used as
the stimulus. Thus, the diagnostic significance of a given
erroneous response will vary depending upon which member of a
set of response options serves as the stimulus word. It becomes
prohibitively difficult, moreover, to generate different, but
equivalent, random scramblings of a given corpus of stimulus
materials where the listener is provided more than two response
choices for each item. If only on practical grounds, therefore,
a two-choice test in particular has much to recommend it over
multiple choice tests in general. Here, the discriminative
task facing the listener does not depend qualitatively upon
which member of the pair serves as the stimulus word. It
varies only in that for one case he is required to detect one
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state of a distinguishing feature or attribute while for the
other case he must detect the alternative state of the same
feature. Random selection of the stimulus words from such
pairs can thus be used to generate multiple versions or
scramblings of the test materials without altering the validity
of the test.

Consider, now, the issue of how the alternative of each
stimulus word should differ from the stimulus word itself.
Ideally, as suggested above, this difference should be
restricted to a single phoneme. In addition, however, it is
important that the critical phonemes of a stimulus word and
its alternative differ minimally by some criterion or another,
such that a correct choice between the members of a pair is
as nearly tantamount to an elementary discriminative response
as the use of speech stimuli will permit. The issue which
remains to be resolved thus concerns the nature of the optimal
set of phonemic attributes or test dimensions, i.e., the basic
types of discrimination to be required of the listener. Here,
the most important criteria of optimality are exhaustiveness
and relevance.

It is essential, first, that the attributes which the
listener is required to discriminate are sufficient to claazsify
each phoneme of interest in a unique manner. Only then can
measures of the discriminability serve as a basis for predicting
recognizability. In addition, however, it is especially
desirable that each of the attributes in question bear in a
unique manner upon some aspect of the communication process;
that each represents a dimension of interphonemic variation
which is elementary in some sense or another. 1Ideally perhaps
all such attributes should be definable in three ways —
genetically, acoustically and perceptually. However, where
kiuowledge of the psychophysics and psychophysiology of speech
is insufficient to warrant the use of all three criteria.
fewer must suffice. Where various criteria yield contra-
dictory or ambiguous classifications, perceptual considerations
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should perhaps be given priority, as in fact they were in
formulating the consonant taxonomy upon which Form III of
the Diagnostic Rhyme Test is based.




BACKGROUND AND RATIONALE OF THE DIAGNOSTIC RHYME TEST

The initial version of the Diagnostic Rhyme Test7 was
based on a consonant taxonomy similar to that formulated by
Miller and N:l.cely.8 However, the Miller-Nicely characteriza-
tion of place of articulation as a ternary attribute was
discarded in favor of a three-dimensional binary characteriza-
tion as shown in Table 1. The remaining dimensions of the
Miller-Nicely taxonomy were used without modification.

This version of the DRT provided tests of the discrimin-
ability of each attribute in only four vowel contexts and
utilized only those consonant phonemes explicitly classified
by Miller and Nicely. These did not include the affricates,
the liquids, nor the glides. Thus the original DRT provided
tests of the discriminability of some attributes only under a
relatively limited sub-set of the circumstances in which they
were potentially crucial to phonemic recognition. Arbitrary
restrictions on the choice of test speech materials possibly
served further to limit the validity of this form of the test.
In spite of these limitations, the original DRT proved to be
extremely sensitive to various forms of speech impoverishment
when used for gross evaluation of speech intelligibility as
well as for the detection of specific deficiencies of trams-
mitted speech. But once this version had served effectively
to validate the general principles upon which the test was
based, various possibilities for refinement and extension
became evident. Research with the DRT itself yielded valuable
information in this connection. For example, a factor analytic
study of the DRT’ provided evidence that two of the 'place"
dimensions of the test, "middle vs back" and "back vs front"
are quite redundant (though of reversed polarity), as the
distinctive feature system of Jakobson, Fant and Halle (JFH)10
might lead one to predict. Other, similar findings, coupled
with the results of a review of the recent literature, attested
to the inadequacy of the consonant taxonomy upon which the
original DRT was based.




A re-examination of various systems (e.g., Hallell)

which have been proposed to account for perceived relations
among consonant phonemes led ultimately to the conclusion

that the most parsimonious and perceptually valid characteriza-
tion of English phonemes could be provided by a slightly
altered version of the original JFH taxonomy.12 The dimensions
of this modified JFH taxonomy are shown in Table 1.

The first taxonomic dimension voicing, is recognized
as an elementary consonant attribute in all of the major
system of phonemic classification. All systems, moreover,
are in agreement as to the manner in which this attribute is
distributed across the population of English consonant phonemes.

Nasality, like voicing, is generally recognized as an
elementary attribute of English phonemes. It serves to distin-
guish the phonemes /m/ and /n/ and /n/ from all other English
consonants.

Sustension corresponds to the continuant-interrupted
opposition of JFH and of Halla. Among other things it dis-
tinguishes the plosive consonants from all others.

Sibilation corresponds to the strident-mellow ggposition
as originally employed by JFH. However, since Halle = has
recently reclassified two phonemes /f/ and/v/ with respect
to a similarly titled attribute, the term sibilation was
substituted in an attempt to minimize ambiguity as to the
essential nature of this attribute and as to the manner in
which it is distributed over the population of English consonant
phonemes.

With exceptions in the case of the affricates and
palatal sibilants, the opposition, grave-acute, seirves essen-
tially the same function here as in the JFH taxonomy. Otherwise,
the present taxonomy follows JFH rather than Halle in classify-
ing /g/, /k/ and /j/ indifferently with respect to the grave-
acute opposition. Graveness serves, amcng other things, to
distinguish phonemes articulated at the front of the vocal
cavity from all cthers.
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With minor exceptions, the attribute compactness performs
the same taxonomic function here as in the original JFH taxonom-.
Like graveness it serves to distinguish between phonemes articu-
lated at different places in the vocal passage. In particular
it distinguishes phonemes articulated at the back from those
articulated at the middle and front.

Somewhat arbitrarily, the classification vowel-like is
used to distinguish the liquids and glides from the remaining
consonants. While perhaps over-simplified, this characteriza-
tion seems somewhat more consistent with the facts of speech
perception than Halle's characterization, which distinguishes
between some members of this highly confusable group by means
of as many as four binary features.

Table 2 presernts the classification of twenty-three
consonant phonemes in terms of che seven-dimensional taxonomy
described above. Plus gigns, minus signs and zeros serve to
indicate the state of each attribute for each phoneme. This
system of classification provided a basis for compiliing a
set of word pairs used in constructing Form III of the DRT,
With minor exceptions noted on the following page, the members
of each pair differ in terms of a single attribute.
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THE DIAGNOSTLC RHYME TEST (FORM Il1)

A corvus of 96 rhyming word pairs, shown in Table 3,
constitutes the set of stimulus materials used in the Diagnostic
Rhyme Test. The structure of the test is reflected in the Table.
The items in each block of seven are arranged according as they
are designed to test for the discriminability of a particular
atcribute of the initial conscnant phoneme. The order is as
follows:

(1) Voicing

(2) Nasality
(3) Sustention
(4) sibilation
(5) Graveness
(6) Compactness

(7) Filler item (to be used for
research purposes, etc.)

The positive state (e.g., grave of each attribute is
represented in the left member of each pair; the negative
state (e.g., acute) is represented in the right member of each
pair. The discriminability of each attribute is tested in
each of eight vowel contexts. As shown in Table 3, this involves
two vowels from each "corner" of the vowel articulation diagram.
Thus items in the four upper left blocks of Table 3 involve
high, front vowels, whereas those in the four upper right blocks
involve high, back vowels. The low, front vowels are reprcsented
in the four lower left blocks, while the low, back vowels are
represented in the lower right blocks. No central vowels
are used in the DRT.

There are two formally equivalent items (e.g., bean-peen
and veal-feel) designed to test for the discriminability of
cach attribute in scach vowel context, No words occur more than
once in the corpus used for Form 1III, though repetitions were
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TABLE 3.

SPEECH MATERIALS USED IN FORM IIIX

OF THE DIAGNOSTIC RHYME TEST

99.%  BEAN-PEEN
51.  NEED-DEED
3.  FEET-PEAT
67. SEEM-THEME
19. PEACH-TEACH
83.  SHE-SEE
35.* TEAL-KEEL
71.  GIN-CHIN
23,  MITT-BIT
87.  FIN-PIN
39. CHINK-KINK
103.  BID-DID
55. SHIFT-SIFT

7.¥* TILT-KILT
8. DENT-TENT
72.  MEND-BEND
24.  FEND-PEND
88.  JEST-GUEST
40.  PEST-TEST
104.  YEN-WEN
56.**  PEN-KEN
36.  VAST-FAST
100.  NAB-DAB
52.  FAN-PAN
4. CHAMP-CAMP
68.  BAD-DAD
20.  CAST-PAST
84,*  RAM-YAM

43.  VEAL-FEEL
107.  MEAT-BEAT
59.  THE.-DEE
11. CHEESE-KEYS
75.  WEED-REED
27.  KEEP-PEEP
91.**WIELZ-YIELD
15.  BIG-PIG
79.  NIP-DIP
31.  THIN-TIN
95.  SINK-THINK
47.  PIP-TIP

111.  KIT-PIT
63.* BILL-GILL
64. BENT-PENT
16.  NET-DEBT
80.  VEST-BEST
32.  JET-GET
86.  BED-DEAD
48.  SHED-SAID

112.*  TED-KED

92. GAFF-CALF
4é, MAT-BAT
108.  THAN-DAN
60. SAD-THAD
12. MAP-NAP
76. CAN-TAN
dede
28.  BASS-GAS

50.  Z00-SUE
2.  MOOT-BOOT
66. FOOL-POOL
18. JUICE-GOOSE
82.  WOMB-ROOM
3.  YOU-W0O
98, RUSE-USE
22.  DOTE-TOTE
86. NOSE-DOZE
38. FORT-PORT
102.  JOE-GO

54. POST-TOAST
6. GOAL-DOLE

70.** BoLD-GOLD

1. GAUZE-CAUSE
65. GNAW-DAW
17. THONG-TONG

81. SOUGHT-THOUGHT

33. PALL-TALL

97. CAUGHT-TAUGHT

49. % BALL-GALL

85. BOX-POX
37. MOM-BOMB

101. VON-BON
53. CHOCK-COCK
5. POP~TOP

65. SHOCK-SOCK
21.**  soT-sHoT

106.
58.
10.
74.
26.
90.
42.

78.
30.
94.
46.
110.
62.

Yk

1. **

57.

9.
73.
25.
89.
41.

105.%*

29.
93.
45.
109.
61.
13.

77.%*

DUNE- TUNE
NUDE-DUDE
THEW-T00

CHEW-COO

MOON-NOON
C00T-TOOT
BOON-GOON

GCAD-CODE
MOAN-BONE
VOTE-BOAT
CHOKE-COXE
MODE-NODE
COAL-POLE
SO-SHOW

JAW-CHAW
MOSS-BOSS
FAWN-PAWN

CHALK-CAULK
BONG-DONG
YAWL-WALL

RAW-YAW

DOT-TOT
KNOCK-DOCK
FORD~POND
JOT-GOT
MOB-NOB
COD-POD
BOB-GOB

*Numbers to the left of each pair indicate the position of the item in each
block of 112 items on the listeners arswer sheect.

**riller items.

option of the experimenter.

testing experimental items.
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necessary in the earlier forms of the test due to the constraints
inherent in the method of compiling tesat items. Even with the
greater freedom provided by the design of Form 11I of the DRT,
however, the population of acceptable word pairs was somewhat
limited. From Table 3 it is perhaps apparent that there was
insufficient latitude to permit any degree of selectivity on
the basis of frequency of word occurrence in speech or printed
matter. There is, however, a fairly substantial basis for the
assumption that frequency-of-occurrence is a factor in word
recognizability primarily as it affects the listener's expecta-
tions with regard to a given stimulus word. Where the listener
is provided with other, more explicit bases for estimating the
probability that a given stimulus word will occur, the effects
of his past experience (and the expectations it generates)
should be minimal., In fact Pollack, Rubenstein and Decker14
have found that frequency of occurrence has virtually no

effect on word intelligibility when the choices permitted the
listener are specified for each stimulus word.

It may also be noted in Table 3 that there are several
minor exceptions to the rule of "uni-dimensional' difference
between members of each werd pair. These occur in the case
of items designed to test for the discriminability of compact-
ness, While the phoneme pairs /k-p/, /g-b/, /k-t/ and /g-d/
differ primarily with respect to compactness, they might be
considered to differ secondarily in terms of graveness since
the first member of each pair has a neutral status with respect
to graveness while the second member of each pair has a posi-
tive status with respect to this attribute. However, the
exclusion of all of these pairs would result in a seriously
biased sample of the cirucmstances in which compactness 1is
criterial of phonemic identity. Subject to the results of
further research on the issue, it was decided, therefore,
to include these "contaminated" items in the DRT. It might
be noted, that the filler items shown in Table 3 were selected
to serve the purposes of such research.

- 14 -




It is clearly impractical in each vowel context tc provide
complete representation of the cirucmstances in which a given
attribute is crucial to phoneme recognizability. However, the
attempt was made tc achieve a fairly high degree of representa-
tiveness for each group of related vowels. Thus while only
two "critical phoneme pairs,'" at most, may be employed to test
the discriminability of a given attribute in a given vowel
context, greater representation is generally provided within
classes (e.g., "high front") of vowels than for individual vowels.

- 15 -




METHODS AND MATERIALS
Selection of Stimulus Materials

The first steps in the preparation of test speech
materials involve determining a sequential arrangement of
items and selecting a stimulus word from each item. It proves
convenient for purposes of computer scoring to order the vari-
ous items so that the discriminability of each attribute is
retested once every seventh item. The vowel context is also
changed with each item such that the eight vowels are completely
cycled every eight items.

For general testing purposes, the list of test items is
cycled four times (normal administration), one stimuius word
being selected from each pair on each cycle to yield a total
of 448 stimulus words (including 64 filler words). Selection
between the words of each pair is random but for the restric-
tion that each attribute is represented an equal number of
times in both states in each vowel context. This restriction
may result in the equal occurrence of both words from a given
item. Ctherwise, where the positive state of an attribute
occurs a given number of times for one member of a pair of
equivalent items, the negative state occurs the same number
of times for the other member of the pair (if, for example,
“bean" is selected three times from the item bean-peen, “feel"
will be selected three times from the item veal-feel). Often,
however, it may be desirable to require 'perfect balance,"
i.e., to require that all test words occur as the stimulus
with the equal frequency (twice in the case of a normal
administration). While this latter arrangement may provide
the listener with potentially useful, extra-stimulus informa-
tion as to the identity of a particular stimulus word, listeners
appear unable to make use of this information, (i.e., to use
patterns of previous responses as a basis for responding to a
given stimulus word) even when instructed to attempt this.

- 16 -




Recording of Stimulus Materials

The stimulus words are normally recorded without carrier
phrase at a rate of one word per 1.3 seconds. This rate has
proved to be optimal on several grounds.15 Listeners report
that it provides the most comfortable working pace. It yields
higher scores and smaller standard errors than faster or slower
rates. Finally, it minimizes various types of ''testmanship"
as factors in listener response, for, as indicated above,
listeners have insufficient time between items to permit
them to utilize patterns of previous response as a basis for
responding. At this rate, a complete test (448 items) can
be accomplished in approximately ten minutes.

The recordings of materials used in the research described
below were made in a Silence, Inc. sound insulated room of
approximately 6' x 6' x 6' interior dimensions. A General
Radio microphone (1560-P5) was placed at a distance of 20 cm
from the lips of the speaker. A padded head restrainer was
used to prevent changes in the speaker's position. This
arrangement was found to yield particularly satisfactory
recordings but various other equipments and procedures are
undoubtedly adequte, depending upon the uses to be made of
the test materials and the environment in which recordings
are to be made.

Selection of Speakers

For most purposes, one of two types of speakers may be
used. It is perhaps preferable ideally, to use a '"neutral"
voice, i.e., one judged by listeners to be most typical with
respect to the '"perceived acoustic traits" pitch-magnitude,
loudness-roughness, clarity-beauty, and animation-rate, as
described by Voiers. However, a trained voice of normal
pitch and general American dialect will probably suffice for
most purposes. We have obtained quite similar results with
these two types of speakers. .
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For special purposes, voices judged by listeners to be
distinguished by various perceived characteristics are used.
However, test results obtained with such speakers may vary
substantially from those obtained with a neutral voice,
particularly where the test speech has been vocoded or other-
wise impoverished.

Selection and Training of Listeners

For purposes of evaluating communications equipment and
devices a crew of at least eight minimally trained listeners
is desirable, although a smaller crew may suffice for special
purposes of system diagnosis, e.g., where the system under test
i1s suspected to be particularly deficient in the transmission
of a single attribute. Because the test exhibits a degree of
listener sensitivity, however, some care should be exercised
in selecting listeners. All should have clinically normal
hearing over the range from 250 to 8000 Hz. Stricter standards
based on previous performance with the DRT should be employed
with crews of fewer than eight members. While, in general,
effects attributable to practice or familiarity with the DRT
have failed to appear, it is perhaps advisable to use one
session (448 items) to familiarize the listener with his task
before using him for experimental purposes.

Administration of the Test

Because of the importance of timing in the presentation
of DRT materials, the use of "live" presentation procedures
may be somewhat impractical. The use of prerecorded materials
as described above is generally to be preferred. We have
standardized on diotic presentation over good quality head-
phones (e.g., Permoflux PDR-8) though other methods will
undoubtedly yield comparable results.

The DRT appears to be relatively insensitive to level.
Variation in presentation level over a range of 8 dB (76-84 dB
re .0002 dynes cmz) appears to have negligible influence upon
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listener scores. For routine purposes of system evaluation,
however, an average vowel peak level of approximately 80 dB SPL
appears to be most generally satisfactory.

Scoring the Diagnostic Rhyme Test

Listener response data on the DRT can be evaluated to
yield a number of different scores, depending upon the interests
of the investigator. Generally, however, greatest interest
will attach to seven of these. They include a total score,
based on all test items, and six diagnostic scores, each repre-
senting the discriminability of one of the six elementary
consonant attributes.

Separate scores representing the discriminability of each
of the two states of each attribute may be obtained. These
are likely to be of particular interest where the effect of
a channel variable (e.g., voicing threshold of a channel
vocoder) may act to alter the bias rather than the basic
sensitivity of a system with respect to a given attribute.
Gross measures of consonant discriminability in various vowel
contexts may be of value on some occasions, but are unlikely
to be of interest for routine purposes of system evaluation.
Finally, separate scores, representing the discriminability of
each attribute in each vowel context, may be obtained, but
these should, perhaps, be interpreted rather cautiously since,
in routine testing situations, the amount of data on which they
are based will generally be too small for adequate reliability.
Moreover, there is reason, as noted above, to question whether
& sufficiently representative sample of the instances in which
a particular attribute is crucial to phonemic recognition is
provided in each vowel context.

It is perhaps apparent that DRT data are eminently suited
to evaluation in a framework of signal detection theory. How-
ever, a somewhat simpler approach to the scoring problem provides
a solution which is probably adequate for most practical purposes.
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It involves a crude correction for guessing, accomplished by
means of the following formula:

g = 100(R - W)
(T) ’

where S is the "true'" percent-correct responses, R is the
observed number of correct responses, W is the observed number
of incorrect responses and T is the total number of items
involved. This correction is applied to all DRT scores
including the gross or total score. It finds some practical
justification in that it yields DRT total scores which are
very nearly equivalent, numerically, to Fairbanks Rhyme Test
scores obtained under comparable circumstances. Discrepancies
between the two scores can usually be attributed to system
deficiencies for which the Fairbanks test is relatively insensi-
tive (for example, deficiencies in the transmission of the
physical correlates of sibilation).

- 20 -
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2XPERIMENTAL EVALUATION OF THE DIACNOSTIC RHYME TEST

Normative Data

To provide reference points for evaluating the various
forms of communication deficiency, the results of a series
of tests involving undegraded speech are presented in Table 4.
Shown in the Table are avceraged diagnostic scores (two adminis-
trations) obtained with a crew of elght experienced listeners
for each of five speakers. It appears that, even under ideal
conditions, the various attributes of consonant phonemes are
neither perfectly nor equally discriminable, though the
differences are generally small. It also appears that indi-
vidual consonant attributes are not equally discriminable for
all speakers. Again the differerces are generally suall,
but it will be shown at another point that the DRT is sensitive
to individual differences in speech.

Reliability and Sensitivity

House et él.17 have noted that the sensitivity of present
day intelligibility tests does not remain constant for all
degrees of speech degradation. Rather, it tends to decrease
(i.e., results in larger standard errors) up to a point with
increasing degradation and then to increase as the speech
approaches complete unintelligibility. Results consistent
with this trend can alsc be observed in the case of the DRT.
Figure 1 shiows the standard error of the mean total DRT score
plotted against the mean itself for crews of eight listeners
who took the DRT under a diversity of conditions involving
impoverished speech. (Somewhat larger standard errors are
of course to be expected for tke various diagnostic scores.)
These results suggest, among other things, the importance of
considering inherent test sensitivity when attempting to
evaluate intelligibility tests on the basis of gain function
(test score change per dB S/N) or other relatud figures of
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merit. The value of a gain function is meaningful only in
relation to the standard error characteristic of the range
of test scores involved.

Sensitivity of the DRT to Characteristics of the Channel

In this section the potential of the DRT as an ingtrument
for evaluating the communication channel or link between the
speaker and listener is examined. Here, the speaker and
listener are effectively held constant (at least in a statis-
tical sense), such that observed variation in DRT scores is
attributable to the channel or various of {ts sub-components
(e.g , a vocoder, filter or other processing device). Except
where noted otherwise, stimulus materials are provided by
recordings of a '"'meutral" speaker, judged by listeners to be
the most representative of a sample of 24 male general American
speakers. All listening crews are composed of eight normal-
hearing males between the ages of 16 and 19 With minor
exceptions, the same crew of listeners performed in all of
the experiments described below.

Effects of Noise on DRT Scores

Noise from one source or another is inevitable in every
communications situation. It is appropriate, therefore, that
first consideration be given to the effects of this
channel variable upon consonant intelligibility and, more
particularly, upon the discriminability of various consonant
attributes. In the experiment performed to evaluate these
effects, the speech (vowel) level was approximately 80 dB at
the listener's ear. It was held constant over all noise
conditions. Both speech and noise were low-pass filtered at
4000 Hz and high-passed at 200 Hz.

Figure 2 shows the effects of band limited noise upon
total DRT scores and of Fairbanks Rhyme Test scores obtained
under identical conditions. It appears, here that the two
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tests have very nearly equal sensitivity to noise over the
range of speech degradation most likely to be of interest in
evaluating modern day speech processing devices. However,
the Fairbanks test exhibits somewhat greater sensitivity
under conditions of extreme speech impoverishment.

Figure 3 shows, however, that not all diagnostic scores
are equally affected by noise. Rather, some are relatively
refractory, while others are extremely sensitive. Thus while
the DRT is somewhat less sensitive to noise than the Fairbanks
Rhyme Test when used for the gross evaluation of intelligibility,
it is substantially more sensitive when used diagnostically.

One reason for this is that noise appears to have relatively
little effect upon the discriminability of nasality and voicing.
Even under conditions which reduce over-all intelligibility to
less than 40%, listeners are able to discriminate these attri-
butes with approximately 80% accuracy. However, noise drastically
reduces the discriminability of the remaining attributes.

Extrapolation of the trends shown in Fig. 3 leads to the
conclusion that sustention is the first attribute to be affected
by noise, but that these effects are relatively small until the
noise level approaches the level of the speech signal. There-
after, the discriminability of this attribute decreases rapidly
with increasing noise level. Low level noise appears to
have relatively little effect upon the discriminability of
sibilation, but over the range of speech-to-noise (i.e., vowel-
to-noise) ratios below 12 dB, the discriminability of this
attribute decreases sharply with decreasing speech-to-noise
ratio. Becih of the '"place" attributes, graveness and compact=~
ness, appear to be quite sensitive to noise over the entire
range cf conditims investigated here.

In light of what is known of the physical bases of the
various attributes, it is appropriate to ask whether, in
general, both states of each attribute are equally subject to
the effects of noise. The results presented in Figs. 4 through 9
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bear on this issue. Here, discriminability scores are presented
separately for each state of each attribute under the various
experimental conditions.

In Fig. 4 it appears that relatively low levels of noise
affect the discriminability of both states of the attribute,
voicing, to about the same degree. Higher levels of noise,
however, have different effects upon the discriminability of
the two states. As the speech-to-noise ratio falls below
+4 dB, the presence of voicing becomes only slightly less
discriminable. Under the same conditions, however, the dis-
criminability of the unvoiced state is substantially reduced.

Figure 5 reveals that the effects of noise upon the
discriminability of nasality are quite similar for the two
states of this attribute.

The results presented in Fig. 6 are somewhat ambiguous
but suggest that low levels of noise tend to bias listener
responses in favor of the positive state of the attribute,
sustention, while higher levels of noise induce a bias in the
opposite direction.

The results presented in Fig. 7 are perhaps predictable
from knowledge of the primary physical correlate of sibilation:
high frequency noise. Not only does noise tend generally to
reduce the discriminability of this attribute, it tends in
particular to obscure the physical correlate of the positive
state of this attribute. Under conditions of high noise level,
listeners fail to achieve a chance level of performance in
detecting the presence of sibilation. (Recall that all
discriminebility scores reported here have been adjusted
in an attempt to remove the effects of chance or guessing.

Thus an adjusted score of zero represents the chance level
of performance.)

Figure 8 shows the effects of noise on the discrimin-
ability of graveness. Again, noise affects the discriminability
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of the two states of an attribute in different degrees. While
it tends to obscure both states of this attribute to a signifi-
cant degree, it tends in addition to bias listener responses

in favor of the grave state of the response dichotomy.

Figure 9 shows that low to moderate levels of noise tend
to affect the discriminability of compactness in a relatively
unbiased manner. However, high levels of ncise possibly bias
listener responses somewhat in favor of the negative or diffuse
state of this attribute.

It is of some interest that, while gross measures of
listener performance reveal little difference in the effects
of noise on the discriminability of graveness and compactness,
separate treatment of the two states of each attribute reveals
the experimental independence of these two attributes. Noise
tends to bias listener perception of gravemness while affecting
the perception of compactness in a relatively unbiased manner.

The various results described above bear generally upon
an important aspect of the validity of the DRT: the experi-
mental independence of the six attributes for which it provides
discriminability measures. The results of the following
investigation also bear on this issue.

Effects of Frequency Distortion on Diagnostic Scores

Like noise, frequency distortion in some form or another
is commonly encountered in modern voice communications systems.
The sensitivity of the Diagnostic Rhyme Test to this type of
speech degradation is thus an issue of both practical and
theoretical importance. An experiment conducted in an attempt
to resolve this issue involved a crew of eight experienced
listeners who took the DRT under ten differentc frequency pass
conditions. Different scramblings of the DRT materials were
used for these various conditions. Nominally, five of these
conditions involved high-passed speech and five low-passed
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speech. 1In all of the low-pass conditions, however, the speech
was also high-passed atr 200 Hz, All high-passed speech was
also low-passed at 4000 Hz. (The purpose of this procedure

was to provide comparative data for subsequent use in evaluat-
ing the "spectral efficiency" of channel vocoders.) In all
cases, frequencies beyond the nominal filter cutoff were
attenuated at a rate of 42 dB/octave. The unfiltered level

of speech (vowel) presentation was 80 dB re .0002 dynes/cm2 as
measured with a true rms meter. Deviations from this level
were attributable only to the effects of filtering. A different
scrambling of the DRT materials was used for each condition.

Figure 10 shows the effects of various degrees of two
types of frequency distortion upon the DRT total score. Scores
obtained with the full scale Fairbanks Rhyme Test undcr identi-
cal conditions zre also presented. From the Figure it appears
that high-pass filtering has relatively little effect upon DRT
total scnres over the range of conditions examined here.
However, there is a consistent decrease in DRT scores with
increase in the lower cutoff frequency. Predictably, perhaps,
attenuation of high frequencies has much greater effects on
DRT scores than low frequency attenuation. This effect becomes
particularly pronounced as the upper cutoff falls below 1450 Hz.

In general, the Diagnostic Rhyme Test (total score) and
Fairbanks Rhyme Test exhibit about the same degree of sensi-
rivity to frequency distortion. However, the DRT appears to
be somewhat more sensitive to extreme high frequency distortion
(i.e., low-pass filtering). Some possible reasons for this
are discussed in connection with the effects of frequency
distortion on individusgl diagnostic scores.

Figure 11 shows the effects of high-pass filtering upon
the six gross diagnostic scores yielded by the DRT. From the
graph it appears that, over the range of conditions treated
here, low-frequency distortion has little effect upon the dis-
criminability of the varjous consonant attributes. The
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discriminability of sibilation is virtuselly unaffected under
any condition, thcugh the remainirg scnres exhibit a slight
decreasirg trend with increases in thte low-{requency cutoff.
Quantitatively, the.:e results are somewhat at varience +ith
what might have becer predicted from :the results of Miller
and Nicely.18 Qualitatively, however, thev are¢ more in line
with the latter in that, for example, sibilation (the neer
equivalent of the duration feature cf Miller and Nicely) is
the least affected by this form of spcech impoverishuent.

Miller anc Nicely suggest thar, while high-frequency
distortion tends to induce syscematic errors of listener
response, iow frequency distmrtion is aore condusive to random
errors. Pestriction of tke listener response options, as in
the case of the DRT, mignt thus be expected to affect listener
performance differently under there two conditions.

Figure 12 shows the effect of high-frequency distortion
on gross diagnostic scores. These results are more nearly in
line with those of Miller and Nicely. Voicing and nasality,
remain quite discriminable over the range of conditions
investigated here, though consistent decreases in scores for
these attributes are evident as the upper cutoff frequency
is decreased.

Sustention (which corresponds most nearly to "affrication,"
as used by Miller and Nicely) is moderately affected by high
frequency distortion whereas sibilation and the two 'place’
attributes exhibit greatly reduced discriminability with
attentuation of frequencies above 1460 Hz.

Further insights are provided when the effects of
frequency distortion are examined separately for each state
of the six consonant attributes. This is permitted by Figures
.3 through 18.

From Fig. 13 it is evident that frequency distortion has
relatively little effect upon the discriminability of either
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pevess

state of the attribute, voicing, but there is some indication
that high frequency attenuation tends to bias listener responses
to this attribute. As the upper cutoff is decreased, listeners
tend somewhat to attribute voicing to unvoiced sounds.

There is a slight indication in Fig. 14 that the two
types of frequency distortion tend to bias listener response
to this attribute in opposite directions. As the upper cutoff
frequency is lowered, listeners exhibit increasing failures
in detecting the presence of nasality; as the lower cutoff
frequency is raised, listeners tend increasingly to attribute
nasality to non-nasal speech sounds.

Figure 15 shows the effects of frequency distortion for
the two states of the attribute sustention. Although, generally,
high-pass filtering has a rather small effect in the case of
tkis attribute it appears to bias listener responses in favor
of the positive state of this attribute. However, the dis-
criminability of this attribute decreases consistently with
decreases in the upper frequency cutoff, which effect becomes
especially pronounced as the cutoff falls below 1460 Hz. This
latter result may accounr in part for the observed differences
between the DRT and the Failrbanks Rhyme Test in terms of sensi-
tivity to high frequency attenuation. Of the 250 items com-
prising the Fairbanks Test, approximately 45 are potentially
available to reflect transmission deficiencies with respect
to the attribute, sustension; (i.e., for 45 items there are
acceptable response words wnich differ from the stimulus wo:
only with respect to sustention). The results obtained for
the case of sibilation, also bear on this issue.

Figure 16 shows in detail, the effects of frequency
distortion on the diccriminability of sibilation. It appears
that low frequency atcenuation has a negligible effect over
the range of conditions studies here. Predictably, however,
attenuation of the higher frequencies drastically affects the
discriminability of this attribute generally and the detect-
ability of its pcuitive state in particular. These results
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also suggest an additional basis for the difference between

the DRT and the Fairbanks Rhywme Teet in terms nf seasitivity to
high frequency attenuation. The Fairbanks Rhyme Test contains
no mere than three items on which a listener's failure to
discriminate sibilation can alone lead to an erroneous response.
Thus, systems that are garticularly deficient in the capacity
to transmit this attribute will usually yield lower DRT total
scores than FRT scores.

As in the case of severesl other attributes, high-pass
filtering leads to a slight but consistent decrease in the
discriminability of graveness as the lower cutoff frequency
is increased. 1iIn Fig. 17 there appears at the same time to
be a gradually increasing blas in favor of the acute state
of this attribute. The effects of high frequency attenuation
are more pronocunced. While the attenuaticn of frequencies
above 1460 Kz has little effect in the case of this attribute,
discriminability is sharply reduced as the upper cutoff fre-
quency is lowered beyond this point. At the same time there
is an increasing bias in favor of the positive or grave state
of this attribute. Listeners tend increasingly to mistake
acute phonemes for their zrave cognates.

As in the casz of the other "place'" attribute, low fre-
quency attenuation has a small, but consistent effect upon
the discrimirability of compactness, but Fig. 18 also reveals
ar. increasing bic¢s with increasing lower cutoff point. Listeners
tend increasingly to favor compactness as low frequency attenua-
tion becomes more extensive.

The foregoirg resulte demonstrate the sensitivity of the
LRT to a commonly encountered form speech degradation and also,
perhaps, provide some mincr insights concerning the spectral
distribution of phonemic {dertity information. 1In any case,
they provide addirional evidence of the experimental independence
ct the various diagnostic scores.
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Effects of Speech Processing Devices

Form III of the DRT has yet to be used extensively for
routine evaluation of voice communications systems, though
Form I has been used in more than 150 evaluations of vocoder
systems alone. On recalling that Forms I and II of the DRT
are (with certain scoring modifications), formally equivalent
to Form III, one may reasonably use results obtained with
earlier versions of the test to make inferences concerning
Form III. Accordingly the following are examples of the kinds
of results that may be expected where Form III is used in
evaluating vocoder systems.

One study has shown that the voicing scale of the DRT
is uniquely sensitive to deficiencies in the voicing detectors
of channel vocoders. In this study, the voicing switch of a
channel vocoder was ''locked out." Listener scores on the
voicing scale were reduced approximately 30%. No other scores
were affected.

It has been frequently observed that the digitalization
of vocoded speech acts primarily to depress DRT scores on the
scale now identified by the term, sustention. Differences of
the order of sixty poiuts ou the rorm I equlvalent of tnis
scale are not exceptional in comparisons between digital
vocoders and their analog counterparts. Still other examples
of the uses of the DRT for purposes of system evaluation have
been described elsewhere,19 and need not be recounted here.

One important issue, concerning validity of the DRT as
an instrument for system evaluation remains to be considered.
This is the issue of the validity of the DRT total score as a
gross indicant of system performance. While, a priori, various
theoretical considerations might lead one to question the
usefulness of such a score (in light of the fact, for example,
that it gives equal weight to each of six aspects of systems
performance which are undoubtedly of unequal importance for
overall intelligibility) the available experimental evidence
argues for an affirmative answer to this question.
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Figure 19 shows a plot of Fairbauks Rhyme Test score
against Diagnostic Rhyme Test (Form I) total score for a sample
of vocoded speech conditions. A substantial correlation is
evident. Moreover, an examination of the diagnostic scores
obtained in deviant cases has revealed that these cases
usually involve systems which are particularly deficient with
respect to sibilation; a deficiency to which the Fairbanks
test appears to have quite limited sensitivity.

The limited data available thus far indicate that Form
IITI of the DRT is alsc highly correlated with the Fairbanks
Rhyme Test and tends generally to yield scores more nearly
numerically equal to those of rhe FRT than is the case with
Form I of the DRT. The fact that Form 1 gives effectively
double weight to compactness (an attribute that is particularly
sensitive to vocoding) possibly accounts for its tendency to
yield somewhat lower scores than both Form III and the Fairbanks
Rhyme Test when used in evaluating speech compression systems.

Sensitivity of the DRT to Characteristics of the Speaker

Just as speech processing or transmission systems may
vary in the fidelity with which they transmit the various
criterial attributes of consonant phonemes, speakers may vary
in the precision with which they produce the acoustical cor-
relates of these attributes. While differences among normal
speakers in this respect are not highly pronounced in situa-
tions involving undegraded speech, they are usually amplified
by various types of speech degradation.

Vocoding, in particular, tends to emphasize differences
among speakers, and these differences are readily detected by
means of the Diagnostic Rhyme Test. The results of a study
involving vocoded speech of eight different male speakers are
relevant in this connection. Of the eight speakers, one was
a trained speaker (former radio announcer); the other seven
were selected on the basis of listener ratings which they had
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received on each of four perceived acoustic traits.ZO DRT

recordings by each speaker were processed by each of four
different but similar experimental configurations of a modern
analog channel vocoder. Various scramblings of the basic test
materials were employed. Recordings of the processed maierials
were then administered to a crew of eight male listeners. The
results are summarized in Table 5 where the range and diversity

of speaker differences are evident. These results might bLe
taken to suggest some of the articulatory bases of various
perceived voice characteristics. However, it should be recalled
that the scores shown here may depend not only upon the inher-
ent characteristics of the speaker but also upon the manner in
which these characteristics interact with the process of vocod-
ing. Collectively, however, they serve tc illustrate the
sensitivity of the various DRT scores to individual speaker
differences in speech.

A somewhat more dramatic illustration of this sensitivity
is provided by the case of a speaker with a hearing loss and
an associated speech difficulty which, however, had been
substantially reduced as a result of intensive therapy. An
audiogram of this speaker's best ear reveals a loss of approxi-
mately 15 dB for frequencies below 1000 Hz; no sensitivity to
frequencies of 2000 Hz or higher could be demonstrated.

A recoraing of the DRT Form III test materials by this
speaker was presented to an experienced crew of listeners with
normal hearing. The results are presented in Table 6. While
any attempt at a detailed interpretation of this pattern of
diagnostic scores would be premature at this point, the pat-
tern is generally consistent with what might be predicted from
the audiometric data for this speaker. Gross scores for the
various attributes are not seriously depressed, but some
significance perhaps attaches to the pronounced bias which
is evident in all cases but those of voicing and nasality.
Relatively poor discriminability of sibilants produced by the
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speaker is particularly consistent with the available audio-
metric data as well as with data on this individual's DRT
performance as a listener.

Sensitivity of the DRT to Characteristics of the Listener

Early in the history of the DRT it became apparent that
the test was sensitive in various ways to individual differences
in discriminatory capacity. 1In fact, such differences served
on occasion as the basis for selection of listeners, particu-
larly in instances where pure-tone audiometric criteria did
not provide a clear-cut basis for decision. On other occasions,
DRT scores have isolated individuals with histories of sus-
pected auditory perceptual difficulty where routine audiometric
tests revealed no deficiency. Such instances as these seemed
clearly to warrant further investigation of the potential of
the DRT for purposes of diagnostic evaluation of the auditory
perceptual characteristics of listeners. The use of the DRT
itself as a selection device, of course, operated to minimize
individual differences within the listening crews used for
routine experimental purposes, particularly, in situations
involving undegraded sneech. However, wneie impoverished
speech is involved, stable, significant individual differences
become quite evident.

In one study, a crew of six previously screened listeners
was repeatedly tested with a set of vocoded DRT materials,
a different scrambling of the materials being used for each
test. The obtained data were subjected to analysis of vari-
ance, The results of this analysis are summarized in Table 7.
A highly significant F-ratio for the listener effect is to be
seen in all cases except sustention, indicating that an average
of the results of four or more tests is sufficient to provide
a reliable indication of an individual's discriminative per-
formance with respect to five of the six elementary consonant
attributes. There remains, however, the question of the nature
of the listener factors underlying such performance differences.
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To the extent that listener differences with respect to
the various actributes are highly intercorrelated one must
consider the hypothesis that such differences are collectively
attributable to factors of motivation or attentiveness rather
than to more elementary factors of discriminative capacity.

To the extent, however, that the uncorrelated component of
variance in listener response to a given attribute is sig-
nificant, one would be justified in favoring an explanation

in terms of listener differences in discriminative capacity.

A variance design with listeners and attributes as main effects
provides results which bear on this issue. Here, a significant
interaction between listeners and attributes would imply that
the uncorrelated component of listener variance is significant
in the case of one or more attributes and in turn support the
discriminational rather than the motivational explanation of
individual differences in DRT performance. Table 8 presents
the results of the analysis called for by this line of reasoning.

The large F-ratio associated with the listener effect
indicates that individual differences in discriminative per-
formance with respect to the various attributes tend to be
intercorrelated in some degree. Conceivably, therefore,
motivational factors contribute to individual differences
in DRT performance. A significant F in the case of attributes,
may be taken simply to indicate that the physical correlates
of the various attributes are transmitted with differing
degrees of fidelity by the vocoder used in this experiment.
Finally, however, the significant F-ratio for the interaction
of listeners and attributes signifies an independent ccmponent
of the listener effect in the case of one or more attributes.
This result is consistent with the hypothesis that listeners
vary significantly in terms of basic capacity to discriminate
one or more of six attributes in question. Such results
raise the possibility that the DRT may have some value in the
field of clinical audiology. Although this possibility has
yet to be systematically explored, the results for a single
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case may be at least suggestive of the potential of the DRT
in this respect.

Table 9 shows the results obtained where an individual
with hearing loss, as described above, served as the listener
for recordings of the DRT by a trained speaker. While not
predictable in detail from the audiometric data for this
listener the present results are generally consistent with them.
Much additional research will of course be required to evaluate
the potential of the DRT for purposes of clinical audiology.

The present results serve at least to indicate the existence
of this potential.
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SUMMARY

The results described above serve to demonstrate the
general sensitivity of the Diagnostic Rhyme Test to the
characteristics of the speaker, the speech transmission channel
and the listener. They also serve to indicate its possible
diagnostic uses in each of these applications. However,
further research will be required to assess fully its potential
for evaluation of speakers and listeners.
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