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ABSTRACT

This report presents the results of a survey in which
the Diagnostic Rhyme Test was used to evaluate the present state
of digital technique for speech processing and communication.
Also presented are the results of a series of minor studies con-
cerned with the methodology of intelligibility evaluation.

ii
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INTRODUCTION
Described here are the major accomplishments of the Human
Communications Section of the Life Sciences Department, Sciences
and Systems Division of TRACOR, Inc. under Contract No. F19628-68-
C-0068, 15 September 1967 to 14 September 1968.

PUBLICATION, MEETINGS AND PERSONNEL

Publications

Voiers, William D., The Present State of Digital Vocod-
ing Technique, IEEE Transactions on Audioc and Zlectro-
acoustics, Vol. AU-16, No. 2, 275-279 (1968).

Presentations

Voiers, William D., On the Problems of Reliability,
Sensitivity and Diagnostic Value in Tests of Speech
Intelligibility 1967 Conference on Speech Communica-

tions and Processing, Cambridge, Mass.

Voiers, William D., Effects of .4ac" 'ng Speech on the
Discriminability of Elementary Consonant Attributes

75th Meeting, Acoustical Society of America, Ottawa,
Ontario, Canada, M2y 1968.
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Meetings Attended

1967 Conference on Speech Communication and Processing,

Cambridge, Mass. Dr. Volers, Mr, Mickumas, Miss Miethe.

74th Meeting of the Acoustical Society of America,
Miami Beach, Florida, November 1967, Dr. Voiers.

75th Meeting of the Acoustical Society of America,
QOttawa, Ontario, Canada. May 1968, Dr. Voiers.

Technical Persgonnel

Dr. William D. Voiers (17September 1967 - 14 September
1968).

Mr. Joseph Mickumas, Jr. (Sept. 1967 - March 1968).
Miss Virginia Miethe (Sept. 1967 - March 1968).
Mr. Lonnie Wilson (March 1968 - Sept.1968).

Mr. Alan Sharpley (March 1968 - Sept. 1968).

TECHNICAL ACCOMPLISHMENTS

For convenience in discussion the work accomplished

under this contract is divided into three categories:

1. The preparation and conduct of a survey of present-

day speech processing and communication systems as
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a feature of the 1967 Conference on Speech Com-

munication and Processing.

2. Diagnostic evaluation of a series (32) of experi-
mental vocoder systems from output tape recordings
provided by the Data Sciences Laboratory, Digital
Speech Compression Branch, of the Air Force

Cambridge Research Laboratories.

3. Basic Regearch on selected speech perception phe-
nomena and their implications for the methodology
of communications equipment evaluation from the

stand point of speech intelligibility.

The Speech Analysis/Synthesis Survey

The survey was conducted by the TRACOR Human Communi-
cations Section under direction bv a sub-committee of the Tech-
nical Program Committee of the 1967 Speech Conference. The mem-

bers of the Committee were:

Caldwell P. Smith, Chairman Air Force Cambridge Research

Labg. (CRBS), L. G. Hanscom
Field, Bedford, Mass.

Ben Gold Lincoln Laboratory

lexington, Mass. 02173




e
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Bolt, Beranek & Newman, Inc.
50 Moulton Street

|

| 4

\ Michael Hecker
i Cambridge, Mass. 021138
|

\

Joseph Mickumas, Jr. TRACOR, Inc.

6500 Tracor Lane
Austin, Texas 78721

Lincoln Laboratory

|
Joseph Tierney
Lexington, Mass. 02173

| William D. Voiers TRACOR, Inc.
|

6500 Tracor Lane
Austin, Texas 78721

Carl Williams Bolt, Beranek & Newman, Inc.

50 Boulton Street
Cambridge, Mass. 02138

B. Woods Bolt, Beranek & Newman, Inc.

50 Moulton Street
Cambridge, Mass. 02138

The objectives of the survey were twofold:

\
\ (1) To provide a demonstratioan of the present state of

speech processing techniques for conference attendees

I ‘ and
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(2) To provide an objective, diagnostic evaluation
of present-day speech processing techniques from the

stand point oi speech intelligibility.

for purposes of the survey all potentially interested
individuals and organizations were invited ts participate ia the
demonstration and/or the cbjective evaluation., Responderts were
supplied high qualit; tape recordings of selected continuous
speech materials, recorded by three different male speakers, for
purposes of the demonstration. Recordings of two randorizations
of the Diagnostic Rhyme Test materials, recorded by a single
trained speaker, were supplied to thase who wished to participate
in the ocjective phase of the survey. Twenty eight samples of
processed speech (more than one from some orgarnization) were re-
ceived for inclusion in the demonstration. (See Appendix 1.)
Eighteern samples were submitted for purposes of objective evalua-

tion.

All participants were subsequently provided with copies
of the demonstration tape. In addition, participants in the ob-
jective phase of the program received the results of the intel-
ligibility tests conducted at TRACOR with the tapes which they
submitted for evaluation. Proprietary considerations preclude
the public disclosure of results for individual systems. However,
for one class of systems, 2400 bps digital vocoder, there wac
sufficient representation to permit an evaliuation of the state-

of-the art for this class withou: violating the proprietary

i — AL . — e
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rights of the participant individuals and organizations. The
results of this evaluation have been published (Voiers, 1968)

and are also presented in Appendix I.

Evaluation of AFCRL Experimental Systems

These evaluations were all "blind" evaluations per-
formed on unidentified systems. The results have been trans-

mitted to the contract sponsor under separate cover.

Mzthodological Studies of Speech Evaluation Techniques

A number of minor studies were conducted in attempts
to resclve various issues in the methodology of speech evalua-
tion. Among these was ''The effects of vowel conte..c on the
discriminability of elementary consonant attributes.'" (Ap-
pendix II). The results of this investigation indicate that
vowel context significantly influences the discriminability
of some of the six consonant attributes treated in the Diag-

nostic Rhyme Test, but has rno influence on others.

Another study involved an item analysis of the Diag-
nostic Rhyme Test which culminsted in the development of a
set of formally equivalent, equally difficult, abbreviated
versions of the DRT, primariiy for use in circumstances where
transmission time i3 et & premium. Validation stuaies of these
abbreviated versions of rthe DRT are continuing under TRACOR
gponsorship. The results obtained thus far (Appendix II) attest
to the feasibility of abbreviating th2 DRT.
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PEhiNE L Y

Further validation of the standard Diagnostic Rhyme Test
was accomplished through a study in which speech level was the
independent variable (See Appendix I1). The effects of reduced

speech level were, as hypothesized, similar to the effects of

Gaussian noise masking of the speech signal.

A study of the effects of spee~h interruption on DRT
scores (See Appendix II) was conducted to test hypotheses gen-
erated by previous work with vocoded speech and speech masked
speech. The results obtained were consistent with the hypothesis
that discriminability of the attributes, graver=ss and sustention

is heavily dependent upon the temporal continuity of the speech i
signal.

Another study (Appendix II) was conducted in an attempt
to isolate the mechnism of the performance changes that listeners

e

.
.
o f
2
2

exhibit with increassd exposure to the Fairbanks Rhyme Test ma-
terials. It was hypothesized that, as listeners accumulate ex-
perience with the corpus of Fairbanks test words, they tend in-

creasingly to select their responses, correct or incorrect, from

that corpus of test words. The results of this experiment, in-

volving the successive administration of 32 Fairbanks Tests (250
items each) to & naive crew of male listeners, failed to wverify

this hypothesis, but further research on the subject is indicated.
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APPFENDIX 1

THE PRESENT STATE OF DIGITAL VOCODING TECHNIQUE:
A DIAGNOSTIC EVALUATION
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INTRODUCTION

Conventional intelligibility sceres of .90 and higher
are nov. quite common in digital vocoder systems operating at
data rates in the neighborhood of 2400 bps. Understandably,
therefore, there is some tendency among voccder engineers and
scientists to regard the intelligibility problem as effectively
solved and, in turn, tc concentrate their efforts primarily on
such problems as speaker recognizability and aesthetic accept-
ability. It is possible, moreover, that the difficulty of dem-
onstrating significant differences in gross intelligibility
among competitive vocoder designs, or between experimental
variations of the same design, serves to impart additional mo-
mentum to the trend away from primary concern with intelligibil-
ity.

It is not altagether clear, however, that the state
of the art does in fact justify such an attitude of complacency
with respect to the problem of intelligibility. For, implicit
in this attitude is the assumption that the deficiencies of
present-day vocoders tend to be distributed more or less uni-
formly with respect to the variocus crucial features of the
speech gignal, On this assumption it may in turn be argued
that attempts tco remecdy any specific deficiency will not, in
general, result in significantly improved over-all intelligi-
bility nor, in any event, warrant the necessary investigative

effort and perhaps the increased cost, size and complexity of

3
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esgential hardware. However, the question can be raised as to
whether such an assumption can in fact be justified. A review

of the relevant literature (e.g., Voiers, et gl,l and Dolansky

et gl?) reveals a number of indications to the effect that it
cannot. Rather there is substantial evidence to suggest that

the shortcomings of present-day vocoders are not of a general
character, but, rather, take the form of deficiencies in the trans-
mission of a limited number of relatively specific speech features.
Given this to be the case, the issue of the intelligibility of
digital vocoders would seem to merit further examination. The
present investigation was underteken in an attempt to resolve

this issue.

Under the auspices of the 1967 Conference on Speech Com-
munication and Processing, sponsored jcintly by the Air Force
Cambridge Research Laboratories and the IEEE Audio and Electro-
acoustics Group, all agencies and individuals known to be active
in the speech processing field were invited to submit samples of
processed speech for demonstration at the conference and/or

evaluation by means of the Diagnostic Rhyme Test (DRT).

Nine agencies submitted samples of 2400 bps, digitally
vocoded speech for evaluation with the DRT. The input tape re-
cordings of the DRT materials utilized by the various participants
were all made by the same speeker, an experienced radio announcer

who had e medium pitched voice and a general American dialectal

background. All materials were recorded in a sound treated room

10
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with a General Radio ceramic microphone {(type 1560-P5) positioned
at a distance of 20 cm. from the speaker's lips. Because of

some indication of system malfunction and/or defective recording,
one sample was excluded while test data for the remaining eight
systems were compiled in an attempt to provide a characterization

of the present state of digital vocoding technique from the stand-
point of speech intelligibility.

METHCD AND MATERIALS

The Diagnostic Rhyme Test

The Diagnostic Rhyme Test3 is a two-choice test of con-
sonant discriminability which yields a gross measure of speech
intelligibility and additional scores relating to specific as-
pects of the performance of the speaker, listener or system
under test. It utilizes a corpus of 192 words (96 rhyming pairs
selected such that the initial consonants of each pair differ in
terms of a single phonemic attribute) each of which is normally
presented twice in the course of a testing session. In a given
instance, one member of a rhyming word pair serves as the stim-
ulus. The listener's task is then to indicate which member of
the pair has been spoken. A correct choice indicates that the
listener has, in effect, discriminated the state of one of six
perceptual attributes of English consonant phonemes. An incorrect
choice indicates that the listener has failed to discriminate the
source state of one of the six attributes. When, for example,

the stimulus word is 'zeal' and the choices open to the listener
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are ''zeal' and ''seal,' a correct response indicates that the
listener has discriminated (and/or the system under test has
transmitted) the attribute voicing. A correct choice between
"feet” and ''peat' may likewise indicate that a system under
test has faithfully transmitted the acoustic speech features
which distinguish the sustained consonants (e.g., /fv3/)} from
their interrupted counterparts (/pbd/). Depending on the word
pair involved, each item thus serves to test for the discrimi-

nablility of one of the following perceptual phonemic attributes:

Voicing
Nasgality
Sustention
Sibilation
Gravenesgs

Compactness

In addition to a gross score for the discriminability
of each attribute, separate scores for the discriminability of
each state of each attribute may be obtained by appropriate
analyses of listener response data. For example, cne score re-
presenting the detectability of the presence of suatention (as
opposed to interruption) may be obtained. A gecond score, re-
presenting the detectability of interruption, may then also be

obteined. The average of these two scores thus provides a gross
indicant of the discriminability of the attribute, sustention,
while the difference between them serves as an indicant of bias

12




TRA[:'(]R 6500 TRACOR LANE. AUSTIN, TEXAS 78721
in favor of one state or the other.

All scores are adjusted for the effects of chance by

means of the formula:

R-W
D = -
where D is percent correct discriminations, R is the number of
correct responses, W is the number of incorrect responses and T

is the total number of responses.

Listening Crew i

The listening crew for the present series of test con-
sisted of eight normal hearing male high school students, selected
on the basis of pure tone audiometric tests and consistency of
discrimination performance as measured by the DRT. All had in
excess of ten hours previous experience with the DRT in general
and had been given one exposure to each of the nine scramblings

of the DRT materials used in the present series of tests.

Testing Facilities

The testing facilities included two double-wallad IAC
rooms, each partitioned into four listening booths. Test materials
were presented diotically via an Ampex 602-2 tape reccrder, a high
quality custom built amplifier and Koss PR0O-600 head phones at a
comfortable listening level (roughly estimated at 75-80 dB SPL

for vowel peaks).

13
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Testing Procedure

Two scramblings of the DRT materials were obtained for
each system under consideration. These were used in a counter-
balanced series of listening tests which extended over several
weeks, elght tests being conducted in each of two to three ses-
sions per week. The 2400 bps systems were randomly ordered,
along with several other systems, and tested using one of the
two scramblings available for each system. The testing order
was then reversed and each gystem retested using the remaining

scrambling of the DRT materials.

RESULTS

Figure 1 summarizes the Diagnostic Rhyme Test results
obtained for eight 2400 bps digital vocoders. Shown in the
figure are the mean and range for the total DRT score and for
each of the six gross diagnostic scores. It may be seen that
present-day digital vocoders can cope guite adequately with the
physical correlates of some consonant attributes. Their per-
formance with respect tc others leaves something tc be desired,
however. For all of the systems tested, listeners are able to
discriminate the speaker's intent with respect to the attribute
voicing at levels comparable tc those typically observed with
unprocessed, high-fidelity speech recordings. The case of
nagality is similar to that of voicing. All systems tested

14
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Fig. 1. Gross discriminability of six consonant attributes
for digitally vocoded speech.




transmit the stimulus correlates of this attribute with effec-
tively perfect fidelity.

It is in the case of sustention (i.e., the fricative-
plosive opposition) that present-day digital vocoder technique
is most significantly deficient. No system tested permits gross
discrimination of this attribute at better than the .88 level of
accuracy, the average being .83, and even these levels are not

achieved without certain sacrifices, as will be discussed below.

The attribute, sibilation (which distinguishes the /s-6/,
/z--/, /?-k/ and /g-g/ opposition) proves relatively impervious

to the vocoding process, the average system permitting .97

correct discrimination and no system yielding poorer than .95

gross discrimination of this attribute.

In the case of graveness (as exemplified by the /p-t/
and /f-9/ oppositions) the average system permits correct dis-
crimination of the speaker's intent at .90 better than chance
level, while the best syctem in this respect yields a discrimi-
nation score of no higher than .93. However, in the case of

compactness which, like graveness, is generally considered to

depend, albeit a rather complicated manner, upon the nature of
the second formant transition, listeners are able to discriminate
the speaker's intent with a level of accuracy which approaches

that for the case of unprocessed speech.

16
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It is not feasible, here, to attempt extensive general-
izations as to the specific system features which account for
the deficiencies noted above. However, & more detailed examina-

tion of the nature of these deficiencies may yield insighkcs of

some value.

Figure 2 permits separate examination of listener per-
formance in discriminating each of the two extreme states, of
the six attributes recognized in the DRT. It thus reveals the
extent to which the vocoding proces a2y bias listener percep-

tion of the various attributes.

In the cases of voicing and nasality no significent
bias is evident, at least for the typical vocoder. Listeners
discriminate the positive states (e.g., volced) of these at-

tributes as well as their negative states (e.g., unvoiced).

In the case of sustention, however, a drastic bias
is evident. It appears, here, that digital voceding not only
acts generally to obscure important cues used by listeners
in discriminating the state of this attribute, it tends, typi-
cally, to bias listener perception significantly in favor of
the positive (i.e,, sustained state of this attribute). It
should be uoted, however, that among the eight systems involved
virtuvally none conform closely te the statistical norms indi-
cated in Figure 2?2, Several approach=d the extreme in positive

bias within the ranges indicated in the figure for the case of
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sustention. Thus with some systems listeners were able to dis-
criminate correctly the positive (sustained) state of this at-
tribute with better than .95 accuracy, but evidently achieved
this level cf performance partially through signficant tendency
to perceive interrupted consonants as their sustained cognates
(to perceive /b/ as /v/, /t/ as /8/, etc.). With several other
systems, however, a pronounced, if not so extreme, bias in the
opposite direction was observed. This variation in degree and
direction of bias in discriminability of the sustained-interrupted
opposition serves in fact to define the one dimension of perfor-
mance in which present-day vocoders differ most drastically among
themselves. It should not be forgotten, however, that in no case
was performance with respect to the attribute sustention alto-

gether acceptable by any absolute sgtandard,

Further perusal of Figure 2 reveals that the typical
digital vocoder of today is conducive to a slight if statistically
gignificant, bias in favor of the positive state of the consonant
attribute, sibilation (i.e., a tendency to perceive /6/ as /s/,
/gl as /%/ and 30 on). With regard to direction, these were no
exceptions tc this trend among the eight vocoders tested. How-
ever, the magnitude of this bias varied from negligible to the

extremes possible within the ranges shown in Figure 2.
In the case of graveness a pronounced negative bias is

evident. On the average, the negative (acute) state of this at-

tribute is correctly discriminated at the .97 level of accuracy

19
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and no gystem tested yielded a score of lower than .89 in this
dimension of performance. However, no system in the survey per-
mitted discrimination of the positive state of this attribute at
better than the .87 level, the average being only .82 for the
eight systems.

Specific reasons for this pronounced bias are rather

difficult to find in current theory concerning the perceptually

relevant acoustical correlates of phonemic features or attributes.
However, an accumulation of results from diagnostic tests of
speech processing devices serve to provide an insight of practical
significance, at least. No speech processing device utilizing
spectrum sampling or frame rates of forty frames per second has
yet yielded & discrimination score significantly above .90 for

the positive or grave state of the attribute, graveness. Frame

rates of this order tend, ceteris paribus, to cause grave conso-

nants (/pbfvwm/) to be perceived as their acute cognates (i.e.,
as /tdo:rn/ respectively). Although it is conceivable that tech-
niques for the enrichment of the speech signal by means of other,
nontime dependent cues to the state of the attribute, graveness,
could serve to compensate for this deficiency of present-day
digital voccders, the most direct remedy is evidently an in-
crease in spectrum sampling rate.

In the case of compactness the typical system exhibits

cnly negligible biag, and even the exceptional cases permit dis-
crimination scores of .90 or greater for both states of this
attribute,

20
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In summary, the typical 2400 bps digital vocoder of 1967
achieves adequate or better fidelity in transmitting the physical
correlates of the perceptual phonemic attributes, voicing,

nasality, sibilation and compactness. In the case of twe attri-

butes, however, its performance is significantly deficient. It
tends not only to reduce the gross discriminability of the attrib-
ute, sustention and graveness, but also to hbias seriocusly listener
perception of the states of these attributes. These deficiencies
are not characteristic of analog vocoder systems and must, there-
fore, be attributed to the inadequacies of current digital vocoding
practices. The remedy is not altogether clear, but the best avail-
able evidence suggests that increased sampling (i.e., frame) rates,
even if achieved at some sacrifice in short term spectral rfidelity,

could substantially improve the situation.

Finally, it should be recalled that the results described
here were obtained under highly controlled conditions, such that
the variations observed among the different systems can confidently
be attributed to intrinsic differences among them. Such ideal con-
ditions are likely to prevail only rarely; if ever, in the opera-
tional communications environment. It remains to be demonstrated,
therefore, that vocoders which can cope adequately with high fi-
delity recordings by trained speakers will also perform satisfac-
torily over a range of speakers, microphones ambient sound condi-

tions and transmission techniques.

21
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\ APPENDIX 1I

\ MINOR EXPERIMENTAL STUDIES
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SUMMARY OF EXPERIMENTAL STUDY NO. FAV I

TITLE: Intelligibility of Periodically Interrupted Speech.

RESPONSIBIE SCIENTIST(S): Lonnie Wilson, Alan Sharpley, and
Wiiliam D. Voiers.

PURPOSE: To 1lnvestigate the effect of periodic interruption on
the discriminability of consonant features at different rates
of interruption and duty cycles.

METHODS AND MATERIALS:

Subjects: Eight male high-school students selected on the
basis of consistency of performance on the Diagnostic
Rhyme Test (DRT).

Location: TRACOR Human Communications Laboratory.

o3 Stimulus Materials: Eight recorded scramblings of the DRT
LB spocken by a medium pitched speaker.

Stimulus Conditions: Test materials were interrupted at
intervals of 5 msec., 10 msec., 20 msec., 32 msec.,
40 wsec., 80 msec., and 160 mgec. for duty cycles of
50%, 25%, and 12.5%. The DRT was otherwise undis-
torted and administered at a comfortable pre-inter-
ruption level of roughly 70-80dB SPL for vowel
peaks.

Y

;&3’

S

o

Equipment: Materials were presented diotically via an
Ampex 602.2 tape recorder, a high quality custom
built amplifier and Koss PRO-600 head phones. In-
terruption was produced by means of a Grason-Stadler
Series 829 Electronic Switch between recorder and
amplifier.

EXPERIMENTAL DESIGN: The 21 conditions were each presented once
with order of presentation randomized for rate of interruption.
The order of the eight DRT scrambling was alsc randomized over
conditions.

24
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RESULTS AND DISCUSSION: Total DRT scores for the seven inter-
ruption rates at the three duty cycles are given in Figure 1.

At the 50% duty cycle consonant features are largely unaffected
except at the slowest interruption rate. Correct responses for
both the positive and negative states of graveness are markedly
lowered and biased in favor of the abgent state with further de-
creases in the duty cycle. Scores for graveness range as low as
.30 above chance for the grave state and .50 for the acute state.
Scores for the positive state of sustention are hardly affected
by any of the manipulations, while those for the negative state
fall substantially at 25% and 12,57 duty cycles to as low as .43
above chance. Similarly, the negative states of voicing and
nasality are noticeably affected by reduced duty cycles, drop-
ping as low as .48 and .35 respectively above chance, while
their positive states remain relatively unaffected. Compactness
is somewhat less degraded exhibiting a slight bias in favor of
the absent state at the 12.57 duty cycle. Both states of sibi-
lation are almost unaffected by any of the manipulations.

SUMMARY AND CONCLUSIONS: At duty cycles of 50% and interruption
intervals between 5 msec. and 80 msec. consonant features are
largely unaffected. Interruption periods beyond 80 msec., at a

duty cycle of 50% generally, produce decrements in intelligibil-
ity.

Compactness and especially sibilation are highly resistent to
degradation by interruption. Nasality and sustension and to a
lesser extent voicing are biased in favor of the positive states
at lower duty cycles. Both states of graveness are degraded at

lower duty cycles with a noticeable bias in favor of the acute
state.

At 25% and 12.57% duty cycles results are comparable with those
obtained for speech masked speech and 2400 bit/s digital vocoders,

with exceptions, in the case of vocoders, of nasality and sibi-
lation.
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SUMMARY OF EXPERIMENTAL STUDY: FRT I

TITLE: Effects of familiarity on listener response to Fairbanks
Rhyme Test (FRY) Materiels,

RESPONSIBLE SCIENTIST{(S): Alan Sharpley, Lonnie Wilson, and
William D. Voiers.

PURPGSE: To determine the effects of the listeners familiarity
with the FRT ''percent correct' responses and upon the gualita-
tive character of incorrect resgponses.

METHODS AND MATERIALS:

Subjects: Five male high-school students selected on the
basis of consisternicy of performance on the Diagnostic
Rhyme Tesgt.

Location: TRACOR Human Ccmmunications Laboratory.
Stimulus Materials: Six scramblings of the full scale (250

items) FRT materials (two by each of three medium
pitched speakers.)

Stimulus Conditions: FRT and Gaussian noise were band-
pasgsed (200-4000 Hz). Speech (vowel peaks) to noise
ratio was OdB.

Equipment: Testing facilities included two double-walled
IAC rooms, each partitioned into four listening booths.
Test materials were presented diotically via an Ampex
602.2 tape recorder, a high quality custom built am-
plifier and Koss PRO-60U0 head phones at & comfortable
listening level (roughly estimated at 75-80dB SPL
for vowel peaks).

EXPERIMENTAL DESIGN: FRT material was presented in two sessions
of 16 presentations each. Two scramblings (250 items each) for
each of three speakers were used. Speakerz and scramblings

were cycled aa follows: s8p. CH-sc. 1, sp. SL-sc. 1, sp. RD-sc.
1, sp. CH~sc. 2, sp. SL-sc. 2, sp. RD-sc., 2. This basic speaker-
scrambling set of six presentations was repeated throughout tha
gtudy.
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RESULTS AND DISCUSSIQON:

On the first few exposures to FRT materials both percent correct
(PC) and within corpus (WC) FRT scores (i.e., correct or incor-
rect responses utilizing words contained in the corpus of FRT
words) rapidly increase (Figures 1 & 2). This increment becomes
smaller through further exposures. The early, rapid increase
can be attributed to increasing familiarity with the test task,
rather than the test materials, whereas familiavization with the
corpus of test iZtems may presumably account for the subsequent
slower increase. Since the thirty-two presentations were divided
into two sessions, fatigue may have operated somewhat to offset
the effects of familiarity sc that it remains to be determined
where the practice effect ultimately becomes asymptotic.

SUMMARY AND CONCLUSIONS:

1. The FRT is extremely speaker sensitive.

2. Results of thirty-two exposures to the FRT failed to sub-
stantiate the hypothesis that listeners will tend increas-
ingly to draw their erronesus responses from the corpus
of FRT materials as they acquire greater familiarity with
this corpus. But, it is possible that the limited number
of scramblings utilized here accounts for this trend.

3. The greatest effect of repeated exposure is evidant early
in the course of familiarization training and can probably
be attributed primarily to the learning of the task in-
volved in taking the FRT. More gradual changes, later in
the course of training, possibly result from greater femil-
iarity with the corpus of FRT test items.

4. Decreased performance may be the effect of fatigue, becoming
evident toward the latter portions of prolonged exposure
to FRT materials.
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SUMMARY OF EXPERIMENTAL STUDY NO. LEV I

TITLE: Effects of presentation level on listener response to
the Diagnostic Rhyme Test (DRT) materials.

RESPONSIBLE SCIENTIST(S): Lonnie Wilson, Alan D. Sharpley, and
William D. Voiers.

PURPOSE: To determine the effects of level of presentation of
DRT materials cn listener performance.

METHODS AND MATERIALS:

Subjects: Six male high-school students selected on the
basis on consistency of performance on the DRT.

Location: TRACOR Human Communications Laboratory.
Stimulug Materials: Four scramblings of the full sgcale

Diagnostic Rhyme Test (384 items) by one medium
pitched speaker.

Stimulus Conditions: Clear speech at level ranging from
30 to 80dB SPL (vowel peaks) in 5dB steps.

Equipment: Test materials were presented diotically via
an Ampex 602.2 tape reccrder, a high quality custom
built amplifier, and Koss PRO-600 head phones.

EXPERIMENTAL DESIGN: Eleven presentation levels ranging from
30 to 80 dB SPL were randomly ordered and this order presented
once. Then, the same order was reverged and repeated. The
study was completed in three presentation sesgsions.

RESULTS AND DISCUSSION: Two presentations were made for each
of the eleven level conditions. The diagnostic scores for each
of the six congonant attributes for corresponding presentation
pairs were then averaged and are shown in Figure 1.
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Since reduction of speech level is essentially equivalent to the
addition of Gaussian noise, a comparison of results for the two
cases is of possible interest.

Figure ? presents the results for the case of Gaussian masking
noise (Voiers), where it may be observed that the order in which
the various consonant attributes affected is similar to that
observed under conditions of reduced presentation level. An ex-
ception is found in the case of sibilation, however. Although,
reduction in presentation level severely decreases the discrimin-
ability of this attribute, additive noise effects it only moder-
ately.

SUMMARY AND CONCLUSIONS:

1. Reduction of speech level and addition of Gaussian noise
have generally similar effect on the diagnostic scores for
consonant attributes. However, the former has substantially
greater effect on the discriminability of sibilation. It
is possible that this discrepancy is attributable to speaker

factors.
2. Variation in the total DRT score and in the various diag-

nostic scores is negligible over the range from 60 to 80dB
SPL.

Ref.: Veiers, Wm. D., "A Diagnostic Rhyme Test,' in preparation.
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SUMMARY OF EXPERIMENTAL STUDY NO. VOWEL I

TITLE: Effects of vowel interaction on listener response to the
Diagnostic Rhyme Test (DRT) materials.

RESPONSIBLE SCIENTIST(S): Alan D. Sharpley, Lonnie Wilson, and
William D. Voiers.

PURPCSE: To determine the effects of following vowels on the in-
telligibility of initial consonants as shown by 'percent correct"

respenses for the basic consonant attributes affecting speech
intelligibility,

METHODS AND MATERIALS:

Subjects: Eight male high-school students selected on the
basis of consistency of performance on the DRT.

Location: TRACOR Human Communications Laboratory

Stimulus Materials: Nine scramblings of the full scale DRT
(384 items), three scramblings by each of three speakers
(one low, one medium, and one high pitched).

Stimulue Conditions: Clear speech was presented at & com-

fortable listening level (roughly estimated at 75 to
80dB SPL for vowel peaks).

Equipment: Testing facilities included two double-walled
IAC rooms, eecn partitioned into four listening booths.
Test materials were presented diotically via an Ampex

602.2 tepe recorder, & high quality custom built am-
piifier and Koss PRO-600 head phones.

EXPERIMENTAL DESIGN: DRT material was presented in three ses-
sions of nine presentations each. Each session included three
scraublings by each of three speakers. The nine scramblings

wezre randomly ordered for each of the three presentation ses-
sions.

A
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RESULTS AND DISCUSSION:

Discrimination errors for .ach of the elementary consonant at-
tributes were subjected to inalysis of variance with factorial
design. Three main effect. were distinguished: place of
maximum constriction in vowel formation (front or back), tongue

elevation (high or low), and speakers (high pitched, medium

pitched, and low pitched). Trials {or scramblings) '"within
speakers' constituted the only source of random variation, since
all results were averaged across listeners.

Place of maximum constriction proved highly significant (p < .01)
in the cases of voicing and compactness. Tongue elevation was sig-
nificant (p < .05) only for the attribute voicing, while speakers
yielded nc significant F ratios. Place of constriction x speakers
was significant (p < .05) for both graveness and compactness.
Several second order interactions were significant but not easily
interpreted at this point.

SUMMARY AND CONCLUSIONS:

There is evidence that discriminability of certain elementary
consonant features is affected by wowel context.
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SUMMARY OF EXPERIMENTAL STUDY NO. SHORT FORM DRT

TITLE: Validation of abbreviated forms of the Diagnostic Rhyme
Test (DRT).

RESPONSIBLE SCIENTIST(S): Alan D. Sharpley, Lonnie Wilson, &nd
William D, Volers.

PURPOSE: To evaluate four abbreviated forms (48 items) of the
DRT from the standpoint of gross difficulty.

METHODS AND MATERIALS:

Subjects: Seven male high-school students selected on the
basis of consistency of performance on the DRT.

Location: TRACOR Human Communications Laboratory.

Stimulug Materialis: Five scramblings each of four abbre-
viated forms.

Stimulus Conditions: DRT speech materials were presented
at a constant level (vowel peaks) of 70dB SPL while
band-1limited Gaussian noise was varied from 7C to
8848 SPL.

Equipment: Test materials were presented diotically via
an Ampex 602.2 tape recorder, a high quality custom
built amplifier, and Koss PRO-600 head phones.

EXPERIMENTAL DESIGN: Five scramblings for each of the four
abbreviated forms of the DRT were used. All twenty scram-
blings weze presented twice in the testing session. Each of
the four forms was presented at a constant speech level of 70dB
SPL for each of ten noise levels. A random presentation order
for the ten noise conditions was employed.

RESULTS AND DISCUSSION: The results of this study are summarized
in Figure 1., where it may be observed that the four abbreviated
vergsions of the DRT tend, generally, to yileld very nearly equiv-
alent results. While there are occassional exceptions to this
equivalence, these are evidently attributable to random factors




. AUSTIN, TEXAS 78721

time normally employed with the DRT) the present results are

altogether remarkable. They serve in addition to provide im-
portant, if indirect validation, of the underlying philosophy
of the DRT and of the consonant taxonomy on which it is based.

SUMMARY AND CONCLUSIONS: The use of abbreviated versions of the
DRT to obtain gross measures of consonant discriminability under
circumstances of limited testing and/or transmission time ap-
pears to be both feasible and justifiable in light of the evidence
available thus far.
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