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ABSTRACT

This report treats three topics related to the
phenomena of individual differences in speech: (1) the effect
upon speech intelligibility of the listener's familiarity with
the speaker's voice, (2) the nature and number of elementary

ways, or Perceived Acoustic Traits (PAT's),in terms of which

voices are perceived to differ from each other, (3) the physical
bases of perceived acoustic traits,

It was found that speech intelligibility, as measured
by the Diagnostic Rhyme Test, was unaffected by the degree of
the listener's familiarity with the speaker's voice; the basis
of familiarity was a maximum of three presentations of a two-
minute sample of prose (Gettysbﬁrg Address),

A voice-rating experiment, involving both monopolar
and bipolar rating scales, failed to reveal any nreviously un-
identified perceived acoustic traits., Howevcr, soveral items
were found which 6ffer possibilities for increased prerision
in the evaluation of previously identified PAT's,

A factor analysis of 23 physical and percept: .} voice
variables yielded results indicating that physical cor:.clates
of some perceived acoustic traits may be qualitatively shifted

under certain conditions of stimulus impoverishment, The

physical bases of the PAT's, Pitch-Magnitude and Animation-Rate ,
appear to remain relatively stable under various conditions of
stimulus impoverishment, but the physical bases of Loudness-

Roughness and C!.rity-Beauty may be drastically altered by

frequency distortion and vocoderization,
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INTRODUCTION

Three issues relating to the phenomenon of individual differences
in speech and their implications for vocoder performance are treated in this
report, The first concerns the influence of the listener's familiarity with
individualistic voice characteristics upon his interpretation of the receiv-
ed speech signal, The second concerns the néturé of voice recognition by
human listeners —specifically the question of what listeners perceive to
- be the major distinguishing characteristics- or traits of individual voices,

The third issue concerns the physical acoustical characteristics or traits

which distinguish voices from each other — in particular those character-
istics by which listeners may identify the voices of individual speakers,

Each of the above issues has been the subject of a series of in-
vestigations during the past year, While several of these investigations
have yielded results -of intrinsic interést, others have served primarily
to resolve various methodological issues, In the following chapters, primé—>
ry emphasis is given to the most significant experiment from each series,
Other exﬁériments are cited only as their results bear upon a particular
issue under discussSion, |

Chapter 1 presents results concerning listener-familiarity-with-
the-speaker's-voice as a factor in speech intelligibility, Our primary
concern here is with the implications of familiarity phenomena for the
design of intelligibility tests,

Chapter 2 contains a discussion of previous research on the
problem of quantifying the perceptually significant characteristics of in-
dividual voices, One experiment concerned with the elementary dimensions
of perceived variability among voices (perceived acoustic traits), is

described in some detail,
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Chapter 3 is devoted to the issue of the physical bases of per-
ceived differences among voices, The results of a factor analysis of 23
perceptual and physical voice variables are presented and their impli-

cations for a theory of voice recognition are discussed,
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CHAPTER 1
FAMILIARITY WITH THE SPEAKER AS A FACTCR IN SPEECH INTELLIGIBILITY

In view of the extent to which individual speech varies, both
between and within dialectal groups, it would seem inevitable t.at a
listener's familiarity with the idiosyncracies of a speaker's voice
determines, to some degree, his ability to interpret the speech of that
speaker, The common experience of individuals who migrate from one
dialectal region to another strongly supports this proposition, The ex-
periences of those who have occasion to cope with pathological speech
likewise attest to the effects of familiarity with the speaker's idio-
syncracies upon the 1i§Eener's ability to decode such speech, A related
phenomenon is reported by individuals who haqe occasion to deal with
vocoded or othef&ise—ptbcessed~speech; Engineérs and scientists who
work with speech-compression devices commonly report that processed
speech becomes more intelligible to them as their experience with it
increases, Questions arise, however, as to what generalizations are
warranted by these various special instances of the phenomenon,

To what extent, for example, does listemer familiarity with a
speaker contribute to speech intelligibility in the case of normal
speakers and listeners of similar dialectalibackgroynd? To what extent

does such familiérity increase the listemer's toleranceé for speech which
is degraded in one way or another? Does familiarity with the speaker
gndérrnormal 6r high-fidelity transmission-conditions enﬁéﬁce the
listener's capacity to cope with the case Qf:degraded speeéh? The present
chapter beg;s upon such quesiions, Specifically, it is concerned with the
effects of différent types of familiarity upon- the intglligibility;of

vocoded speech as evaluated by the Diagnostic Rhyme Test, = -
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A, BACKGROUND

While the*ligeraturé pertaining directly to the present problem
is not extensive, there are at least two studies which merit notice here,

The first is a study by Peters (1955), in which listeners were
‘tested after ;aridus amounts (0, 2, 4 and 8 minutes) of exposure to the
speech of a particular speaker, Tio transmission- conditions were 'studied:
one in which all speech materials wetc presented in the quiet :and a second
one ‘in .which all materials were~présentéd in approximately speech-shaped
noise at a S/N ratio of O dB,

‘Under both conditions, listener reception scores improved with
increasing pre-exposure to the test voice although-the observed trends
were somewhat different for the two conditions. In the -quiet, listeﬁer
receptipﬁ,sgérgs increased significantly fot‘a ggin~6f;§gpgpximgtely 5
percentage=p6intsif@7,01-‘92;4)?éfter eight minutes. of éi%bsgfé,to tﬁe‘
téest voice, ‘However, the greatest ‘improvement (4<peréént§ge points) .
occurred aftér only two minutes of familiarization, The total impi@vgé
ment in listener recéption scores for the noisy transmission condition
was- approximately the same as that for the quiet condition, HoﬁeVe:, sub-
stantial improvement occurred only after four minutes of exposure to the -
test speaker's voice, In any case, these results are consistent with
the hypothesis that familiurity with a voice tends. to enhance intel-
ligibility for a given listener, 7

While not concerned specifically with the rcle of ‘speaker
familiarity, an experiment by Ladefoged and é?og@bent‘6i957)Ahas géﬁe
bearing on this issue. These invgspigatéf% {ouné~th§p, with expgrimenth

manipulation of formant-frequency relationships in a cartier pirase, ‘the-
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judged identity of a subsequent, unmanipulated vowel sound could be

altered in a predictable manner, For example, an artificially-lowered

second- formant in a carrier phrase caused subsequent unaltered synthetic

vowels to be identified as if the listener were taking into account ther
effects of the formant frequehéy'dﬁspiacement. Such "errors" ‘are gig;
nificant primarily because they attest to tﬁé listener's capability to
detect the idiosyncracies~of:a~speééh source from a sample of its out-
put and then to adjust :his responses aqcordingl&, Presumably, the
sensory-cognitive process ihvlegdAHefé‘WOHId also- operate to. render the
linguistic content from the~$pée¢h~of~é speakér.whosé“acqnsric‘“§f§hér;

ing alphabet" is novel for a given liétener.~~Théftp§q}f§:p£_these;~

studies leave one important issue unresolved,fhoweéege; ihgt»pfawheté’

Oﬁe‘possibiﬂity isythét*thfé:ﬁﬁéﬁGméﬁbﬁwinvdIVestaﬁgéhﬁiﬁé;Q;
‘that is, a change of "adaptation level" as cencelved by Helson and hls
followers (1961), ,thle»nqt’coughlng~rh¢1r-1nterprgga;jon;ggptgcgt}y _

in terms of adaptation level,theorya«badéfqgéa:andwabaébéﬁg\Sééh;tﬁf

espouse this Qenera1~£ype:of:éxplanation. A. second possibility, -however,

is that the phenomenon in question can find explanatioen in:purely .cog-

nitive, "nonsensory,” terms, This ggg;hhatipn*woﬁlg maintain-that the

‘responsé chariges indiced (e.g:; by manipulations of the carrier phrase)

\\\\\\\\

—.doinoﬁ,deti@éfftqm;chgngéS»inxxhé normal sensory correlates of the test

§tfmu1us,‘bhturaﬁher“that théyvdepgnd simpiyiupon a'modificdtibn.of the
interpretafio glven a sensory- perceptual event by the lxstener In

other- words thls explanation attributes the results of Ladefoged and
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"% ‘Broadbent to esséntially the same cognitive processes as those involved
1 ~in the learning of a new language,

; Experimental resolution of this issue may prove diffigult. In
\§ / any case, the two types of mechanism in question are not fncomgatible,

R although the conditions of their occurrence may be somewhat different,

4A e

. In situations where the cognitive aspécts of the listener's task pre-
dominate, we would expect experimentally-determined response changes to
‘be more .pronounced in cases involving simple sensory discriminations,
Thus, while we may expect improvements in: the net efficiency

with-which .a listener discriminatés the speaker's intent as he gains

S p g e i
A

familiarity with: the speaker, with a particular transformation of the

PR AN

T G ‘speech signal, and perhaps with testing situations in general, the
. \ o ‘ ‘pgggfvé@;éffect540f these improvements will: 'vary with the mannér in which
- ~1istenér performance is évaluated, Where the listénér's task is one of

- ,‘~simpié*ai§5rimination; the effects of familiarity with various source

W a2
R

.chiafacteristics (e.g., speaker idiosyncragies) will:tend to:be minimal,
A f‘—}@here,péerrmaﬁce depends. on more compléx cognitive processes, the ef-
- fects of familiarity will be more pronounced,

While factors other than speaker familiarity are undoubtedly
E%VQJVEd, differences among various of the better known intelligibility
tests in terms -of susceptibility to "practice effects" are in accord with

this principle, The PB word lists, which require the listener to make an

oy

iy

"absolute recognition response," are notoriously affected by the listener's

- past experience with the test materials, The Fajrbanks Rhyme Test, which

Iy

~ﬁrgguires less complex discriminations of the listener, is alleged to be

- -- somewhat less sensitive to listener experience, while several of the more




recent derivatives of the Fairbanks test (e,g,, the Modified Rhyme Test
of House et al,, 1963) are effectively free of such éffects,
On the basis of these various cohsiderationﬁ,»thé Diagnostic

Rhyme Test (Veiers, Cohen and Mickunas, 1965) could bg expécted;tb
provide results which are minimally affeq@ed'by the listerier's famili-
arity\WLﬁhﬁthg£§6icg of the speaker or with éqy other‘inyarianté“bf the
teépingpsftuétioh. |

\ The Dkffis<a:twoéch6ice rhyme test in wﬁich\the:étjmuius
materials are isolated words éhd‘the;Listener"sjiésk is to select one of
two alternatives which differ (at‘iéasfeﬁomfﬁa[li)‘Wfth.;espéctf§O»a
single "attribute" of the initiglrgbnsdnant‘phoﬂgme;. Tﬁus, the lisfener's
task is as nearly one of Simplé sensory ﬂisérimiﬁation as can -be pfo&ided

in. circumstances :involving speech stimuli,

B. EXPERIMENTS ON. THE EFFECTS. OF FAMILIARITY -

In the course of more than fifty speech;evaluétionsAwftﬁ‘the
Diagnostic Rhyme Test, a number of opportunities have arisen to. test for
the'effect§.of various kinds of listener experience upon speech intel-
ligibility, However, except for some indication that scores improve
slightly during the first ten minutes or so of the listener's initial
exposure to the testing situation, there has been little evidence that
familiarity with any aspect of the testing situation (including the
speaker) affects the listener's performance in any systematic fashion,

Generally, precautions were taken to minimize any possible
effects of familiarity with various aspects of the tést situations, but
on certain occasions several potentially significant aspects were in-
variant over the course of a succession of te;ts with a particular

listening crew, Among these aspects were the speaker and the general

-7 -
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- form éf*gxacessing to Which test speech materials had been subjected, Even

hefél Ehé oppotggnities avaiiable_tb the listener for familiarization with
the speaker's voice were limited to those provided by the DRT speech
1@§§eria}s'(1.e;, isoléted words), Contextual aids to the detection of
speékéﬁ chaféctefistiCSAWérevneglrgibfe,\VThé\gbsence of feedback to the
1ﬁs£en3f‘bnatﬁe.quality of his -performance furthef tended to minimize the
effects -of ledrning of speaker idiosyncracies, A test was made, however,
of the combined effects of seVérai factors potentially conducive to
improvement in DRT scores as a function of listener's experience, This
invélVed*preSentatidn 6f identicalkDRI\matefials on six successive occasions,
-each pair Sépérated‘by‘small amounts of otﬁer types of speech materials,
The Fesults are presented in Fig, 1.

?Vifggélly,no‘trends can be detected to indicate that experiences
with the test materials, the speakér's\vgice, or ‘a particular answer sheet
combine towéhhance,iisteﬁérrperfotmande‘on‘the DRT in any manner,

These- results are‘consiétent with the proposition that a simple
dis¢rimination test, as exemplified by the DRT;vdoes not show improvement
‘as a function of the listéner's familiarity with the testing situation and,
ihfparticulaf;“the speaker's voice, Their significance, however, is found
more in practical than theoretical terms. For, while they provide con-
firmation of an important aspect of the validity -of DRT scores, they do
not rulie out possible effects of familiarity under circumstances more
representative -of the actual communications situation, The results of two

other experiments bear“on this possibility, The Diagnostic Rhyme Test

was used in these experiments also, but other steps were taken to pro-

vide the listener with opportunities to familiarize himself with the

speaker's voice, Listeners were tested before and after exposure to

-8 -
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Figure 1, Effects of Repeated Presentations ol Diagnmos: :
Rhyme Test (DRT) Materials (vocoded),
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samples of continuous speech, Under one set of conditions (experimental)
the intervening speech materials were>provided by the voice of the test
speaker (three presentations of the Gettysburg Address), Under another
set of conditions (control) the intervening speech. materials were pro-
vided by three different, "non-test". speakers, The listeners had had no

previous exposure to any of the voices involved,

In both experiments all test materials were processed by a

2400 bit digital vecoder, In the first, however, unprocessed familiar-

ization materials were employed, while in the second both the test and

familiarization materials weré vocoded, Thé designs of the two experi-

‘ments are shown in Fig, 2, The results are summarized in Table 1,

From Table 1 it is apparent that familiarization with the
speaker's voice, as provided for in these experiménts, does not con-

tribute substantially, if éven consistently, to subsequent listener

performance on the DRT, Neither familiarization with the speaker's

normal speech nor familiarizatien with his procéssed speech appears to
enhance the intelligibility of the processed speéch, There is, however,
some indication that certain familiarization conditions affected listener
performance by shaping his expectations concerning the character of the
test speech: In the first experiment, those listeners who experienced
the control condition first exhibited a performance decrement under the
subsequently experienced experimental condition, A similar, though

less pronounced, effect is also apparent in the second experiment, While
these trends are suggestive, however, further research is clearly re-

quired on this issue,

-10 -




EXPERIMENT 1

EXPERIMENT II

GROUP I A 1A A A A A A W X Y Z A

GROUP II A | W X Y Z A Al A A A A A

() 0 () o
GROUP I B [ By | By By|Bo[B | B|W|X Y | z|B
eroor 1 | B |w |x i v|lz s |8B|B]|B |B | B |B
- o "o 6| "o
Test Familiarization Test Test  Familiarization  Test

GROUP II 'G'H X Ly |z |c clclc |c

GROUP I D ID D D

GROUP II D | W X Y Z D D | D D

Figure 2, Design of Experiments I and II,

In Experiment I all test materials were vocoded; all familiarization
materials were unprocessed speech (continuous).,

In Experiment II all test and familiarization materials were vocoded,

- 11 -
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C, CONCLUSIONS

The results of the experiments described here should by no
means be construed to rule out the importance of listener-familiarity-
with-speaker in actual communications situations, The DRT is designed
to test only for the transmission of various speech features essential
to the recognition of speech sounds, It does not evaluate the adequacy
with which the listeherAinterprets these features, By eliminating one
bpsgibility, however, the present research serves to elucidate the
manner in which the listener-familiarity-with-the=speaker contribites

to speech intelligibility,

- 13 -




CHAPTER II

THE IDENTIFICATION OF PERCEIVED ACOUSTIC TRAITS

The results of a series of investigations by Voiers provided
a point of departure for the present line of research, In an exploratory
attempt to identify the "major dimensions of perceived variation" among
voiceés, Voiers (1964) had a group of listenérs use a 49-item semantic
differential rating form (Fig, 3) to describe their perceptions of the
_distinguishing characteristics of each of the sixteen male voices,

A factor analysis of average ratings received by each speaker
révealed that the "speaker components" of variance for the forty-nine
items could be accounted for in terms of only four underlying, orthogonal
£a¢tors or‘&imension§ of perceived variation among voices, It appeared,
moreover, thgt~ghédqatéﬁféﬁiesentathnwéf'intgrspgaker variation in

~ ‘these dimensions could-be obtained from listener responseé data for a

“If@iiédlnumﬁéﬁ56fﬁjudiciog51y seieétediiiémé out of the original forty-
“nine, fdnzfﬁefbaSis‘df these results, a number of seémingly redundant items,
-i.e.;Afatiﬁb"dimeﬁs}onsl‘weré discarded or combinéd in various ways,

| Shbséquently;‘a;pambet of abbreviated rating forms composed of
féctogiilly pure‘"tqg ;téméi",plu;'vatious previously untried items, were
téétgd experimentally., Here, it was expected that the tag items from
the original form WQuié,contipqé:fo,meaSuge the factors Qith which they

were previously agsociated, -and that svme of the new items would serve
to reveéal additional dim¢n§f0ns”of,ﬁércéiveﬂ,vaxfation among voices, How-

ever;ineither pf»ihese_e%peqfatio§5’33§'cgpgj;;antly realized, Some tag
‘iiéms,qf¢r7hhich listener resphgseéfWere?Oniginally'uncqrrelatedp oc-
; césiﬁnally yiélﬁed correlated Tesponses while experimental items failed

- 14 -
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BELLIGERENT POWERFUL 7654321 WEAK
TENSE DEEP 7654321 SHALLOW
STRANGE BUSY 7654321 RESTING
COLORLESS REPEATED 7654321 VARIED
COoOoL CLEAN 7654321 DIRTY
FALLING
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UNPLEASANT 30%
UNCERTAIN 20% 20%
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UNEVEN
EXCITING
HARD
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ANNOYING Factor 1l
'DIFFUSED Factor III
DISTURBING Factor IV
AGITATED Factor V
FLUTTERING Factor VI
CARELESS Factor VII
SCRAPING
LABORED
HIGH
ROUGH
SUBTLE

Uifferential Rating Form (Voiers, 1964),

15



generally to reveal anv new dimensions of perceived variation among
voices, The resulis of these experiments did, however, prqvide\several
important methodological insights, _ ,‘ ;

" Among other things, it appeared that‘éqpéentration of certain
cripical,itemS’into>a short rating form — such that listeners were re-
*duired to evaluate several different voice characteristics in quick
succession — was conducive to the "halo effect,” This éffect has long
been familiar to industrial and military psychologists, It is exempli-
fied by fhé miiitary commander who, having evaluated‘a‘juniar»officéi
{avo¥ably on "military bearing," also gives him inordinaﬁely high ratings
on intelligence, competence, etc,

The traditionally accepted method of counteracting halo is
to require raters to rate all stimuli (e.g., voices) on one rating
dimension at a time.rather than one stimulus at a time on all rating
dimensions, However, such a procedure is quite impractical in the present
application, particularly in view of indications that listeners find it
difficult to retain a stable concepfion of a given rating dimension from
one instance to the next,

Moreover, the "one-dimension-at-a-time" procedure is inherently
vulnerable to systemati¢ "errors" associated with "adaptation level™
changes, Having assigned an extreme value to one stimulus (voice) a
rater tends, generally, to alter his perception (or conception) of the
"neutral point" such that immediately subsequent stimuli are rated some-
what nearer the opposite extreme than would otherwise be the case,
Frequent instances of a significant mean square for “speakers x order

of speaker presentation"” provide support for this hypothesis, Other

things equal, a procedure which provides greatest temporal separation

- 16 -
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between successivefy presented voices will be least conducive to
stimulus;induced shifts in adaptation level,

Hence, in the interest of maintaining the stability of the
iistener's reséoésé characteristics, the one-voice-at-a-time procedure
was retained and other steps were taken to minimize extraneous.
influences, These steps included the use of filler items and a format
designed to ﬁaximize connotative dissimilarity between adjacent items
-on the ratihg form, In addition, items found to yield highly cor-
related fesponses, e.g., masculine-feminine, heavy-light, were com-- 7 ¢
pine@; This served effectively to reduce random response variation
due to "semantic jitter" (for example, the combining of the item "high-
low" with the item "whining-rumbling” operates to minimize ambiguity
as to the possible denotations of high-low énd.also,‘perhaps, of

'Whining-rumbling’). Finally, in a further attempt to minimize adaptation

- level changes, a "neutral voice" was introduced as a standard for

evaluation of each experimental voice. The absence of significant
interactions .of "speakers" with "speaker order" in subsequent -studies
attests to the efficacy of this innovation, Thus far, however, none
of these various modifications of the voice-rating procedure has
resulted in the consistent emergence of more than four orthogonal
dimensions of the "speaker component" of variance in voice ratings.
The research described in the following section represents a recent
effort to increase the sensitivity of the voice-rating method and then
to identify additional elementary dimensions of perceived variation

among voices,

- 17 -




A, A SEARCH FOR ADDITIONAL PERCEIVED ACOUSTIC TRAITS

While previous attempts (Voiers, 1960, 1964; Voiers et al,,
1965) to isolate more than four stable, orthogonal dimensions of 7
perceived variability among veices have not been successful, several
possibilities have yet to ‘be fully e%pioréd. One such Qossibirity ié
offered by the use of other than;bipolér tat{ng'sgales ;ﬁd;isithe~
subject of the preseni investigation,

Thus far only rating scales defined byAanﬁbqymouélqdjective
pairs, e.g., “hfghalkufv'farge-small," have\been‘empléyéd*in this series
of voice-rating étudies. _BHowever, iﬁfs convén;ion;'adobted primarily
in the interest of unfformity,mﬁy‘gonceivably\have resulted in the
exclusion of certain potentially u;eful rating dimensions. For example,
such adjectives as "tinny," "hissing," and "thumping” would seem ap-
plicable to complex sounds in general and to voices in particular,
although some ambiguity may exist concerning the antonyms of these and
other seemingly applicable terms, In any event, the antonyms of many
such terms are not likely to be matters of common knowledge or of
general -agreement among the listener population at large, The present
study was designed to evaluate a number of such "monopolar" terms from
the standpoint of potential for the communication of speaker identity

information and, at the same time, to determine their antonyms empirically,

Methods and Materials

Listeners, A crew of twelve male, high school seniors served as listen-
ers for this investigation, All members had from ten to twelve hours
of experience as listeners for intelligibility tests and speech-quality

evaluation, but none had previous experience in voice-rating experiments,

-18'.




Stimulus Materials, The basic speech-stimulus materisls were those used

in several previous studies with the voice-rating methods (Voiers et al.,
1965) and are described in detail elsewhere, Briefly, they consisted of
recordings of speech of 24 adult males whose ages ranged from 23 to 55
years,

Voice-Rating Forms, Two voice-rating forms were used by the listeners to

describe their perceptions of the voices, The first of these was Voice-
Rating Form IIIA (Fig, 4) used in a number of previous studies, The
second was an experimental form (Fig, 5) composed entirely of "monopolar"
rating scales,

Experimental Design, The experiment consisted of four voice-rating ses-

sions, each involving the presentation of all twenty-four voices, In the
first session, listeners rated the voices as presented in one order (A),
using Voice-Rating Form IITIA (Fig, 4), In the second session, the voices
were presented in the reverse order (B), The listeners used the Ex-
perimental Form (Fig, 5) in this session, In the third session, speakers
were again presented in Order B and rated with Form IIIB, In the final
session, the speakers were presented in Order A and rated with the ex-
perimental rating form, For each of the total of 32 rating dimensions,

or items, there were thus two "trials,”

Procedure, Following instructions to acquaint them with the general

nature of their task, the listeners were allowed to rate one voice

(that of the announcer) to get practice with the rating procedure and to
stabilize their "images" of the neutral voice, Just prior te the begin-
ning of the experiment proper they were allowed to hear briéf samples

of each experimental voice in rapid succession, Each speaker identified
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Steady
Stable

Colorless
Monotonous

Foreign
Rare

Rumbling
Low

Unpleasant
Annoying

Gradual
Rounded

Loud
Intense

Passive
Dragging

Excited
Agitated
Gliding
Smooth

Fast
Busy

Beautiful
Clean

Feminine
Light

Familiar
Usual

Clear
Definite

Uneven
Irregular

Figure 4,
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SPEAKER RATING FORM III A
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Speaker

Standard Voice-Rating Form.

Listener

Fluttering
Unstable

Colorful
Dynamic

Native
Common

Whining
High

Pleasant
Pleasing

Abrupt
Jagged

Soft
Mild

Active
Brisk

Calm
Serene

Scraping
Rough

Slow
Resting

Ugly
Dirty

Masculine
Heavy

Strange
Unusual

Hazy
Uncertain

Even
Regular




Spesker

Listener

" VOICE RATING FORM XI
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Figure 5. Experimental Voice-Rating Form.
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himself by a number — e g, "This is speaker number 2," All stimul

presented over PDR-8 headphones,

Results aneriscussion

Analysis of variance was employed to provide an indication of
the degree to which listeners effectively discriminated among speakers
on each of the thirty-two rating dimensions,

The results of these analyses are summarized in Table 2, Also
presented for purposes of comparison are results from a previous ex-
periment (Voiers et al,, 1965) in which a different, larger group (32)
of listeners used Voice Rating Form III to rate the same sample of speak-
ers, The F-ratios for thé previous experiment are adjusted to compensate
for differences in the sizes of the listener crews; i,e,, the F-ratios
shown for the earlier experiment are estimates of the values which would
have been obtained with a crew of twelve listeners.1

At the outset, it is apparent that listeners in the present
experiment did not, in general, respond as discriminately to voices as
did the listeners of the earlier experiment, The values of the F-ratios
obtained for the speaker effect on the present experiment are, with few
exceptions, smaller than their counterparts from the earlier experiment,

Any of several situational factors may have contributed in

some degree to the reduced sensitivity of the present experiment, Though

lGiven F(n) as the ratio obtained for a sample of n raters, the ratio,
F(m) which would be obtained with a sample of m listeners can be
estimated as:

F'(m) =’;"[F(n)-1_‘|+ 1
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Table 2, Summary of Results of Analysis of Variance
of Voice Ratings

Present Study Previous Study
Item F-Ratio for Speaker Effect® Est, F-Ratio for Speaker Effect

1> Fluttering, etc, 1,56 4,36
2 Colorful 3.34 5,35
3 Foreign 2,02 3.16
4 Rumbling 6,68 19,12
5 Unpleasant 2,07 4,09
6 Abrupt 2,67 5.93
7 Loud 3.40 6.11
8 Active 5.98 9.80
9 Excited 5,38 11,73
10 Scraping : 1,71 3.57
11 Fast - 10,55 12,14
12 Beautiful 1,89 2,38
13 Masculine 11,85 20,80
14 Strange 2,21 3.38
15 Clear 3.595 2,72
16 Uneven 184 3,48
17 Thumping 3,34

18 Breathy 2,85

19 Twangy 2,63

20 Solid 1.71

21 Clicking 3.59

22 Squeaking 2.12

23 Babbling —

24 Snapping 1,03

25 Thudding : 2,31

26 Abrupt 2,61

27 Threaty 3.10

28 Hooting 2,14

29 Ruskhing 1,05

30 Buzzing —

31 Hollow _

32 Tight 1,72

*F - M,S, Speakers

M.S, Speakers & Listeners - 23 .
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contributions of these various factors cemnot be isolated at this point,
we may at least note some of the bossibilities.

One factor may have been the educational level of the listeners,
In the present experiment, the listeners were high school students with
little experience in speech evaluation experiments and no experience in
voice-rating experiments, specifically, In the earlier experiment, the
listeneis were college students with 15-20 hours of experience as listeners
in various types of speech-evaluation experiments, including voice-rating
experiments, In the present experiment, listeners were not individually
isolated, but were seated in chairs grouped around the tape recorder in
the center of a large room, In the earlier experiment, listeners were
tested in specially constructed booths, each of which housed two listen-
ers in visual and acoustical isolation from the remaining listeners and
from other possible sources of distractions, Whatever the factors in-
volved, the deprésséd sensitivity of the present experiment serves to
stress the need for extremely rigid control of situational parametérs in
experiments utilizing the voice-rating method,

A further examination of Table 2 reveals a general tendency for
items from Form XI (Fig, 5) to yield smaller F-ratios than items from
Form IIJA (Fig, 4), While this possibly implies a superiority of bipolar
to monopolar scales, a more likely explanation is found in the select
character of the items comprising Form IIIA, All had survived a series
of screenings on the basis of demonstrated validity while, at the outset,
the items comprising Form XI were of undetermined validity, In any caéé,
nine of the sixteen experimental items yielded F-ratios for the speaker

effect which are significant at P 2 ,01,(F = 1,89}, which is to say that
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a mean of 12 listeners' ratings of a voice on one of these items carries
@ statistically significant amount of speaker identity information,
Statistical significance, per se, does not, however, ensure practical
validity,

Given that

"C" o= 172 log, F(n)
is a measure of the capacity of an average rating (i.e,, of a n ratings)
for speaker identity information, it becomes apparent that none of the
items (i,e,, as averaged for 12 listeners) served to "transmit” as much
as one bit of speaker 1dentity information in the present experiment,

Assuming that the informational capacities of the various
items can be increased by more stringent control of situational variables,
there remains, in any case, the issuc of whether any of them tap unique
aspects of listernérs’ perceptions of voices, To‘resolve this issue,
speaker averages for the set of 32 items were subjected to factor analysis
by means of the method of principal components,

By several criteria it was apparent that no more than three
orthogdnal dimensions were required to account for the systematic com-
ponent (i,e,, speaker component) of variance for the entire set of
thirty-two items, The results obtained following rotation of the factor
frame to an arbitrary criterion of simple structure are shown in Table 3,

Appropriate labels for the three factors are apparent ‘rom the
configuration of factor loadings. All three, moreover, find precedence
in the results of previous voice-rating experiments, Factor I evidently

represents the perceptual dimension, Pitch-Magnitude, which has appeared

in all previous voice-rating studies, It is identified by high loadings

on such items as:



TABLE 3.FTNA§ FACTOR LOADINGS FOR THIRTY-TWO RATING DIMENSIONS

—————

I 11 111 h2 h

1 Fluttering etc, .57 . 768 . 432 .626
-7~ 2 Colorful . 403 +440 «111 «337
3 Foreign -.044 - 657 .194 471

4 Rumbling =950 -.054 -.038 910

5 Unpleasant -.076 -.630 .495 .648

6 Abrupt .235 -.173 .823 .763

7. Loud .118 .349 .820 .810

8 Active .647 .42 . 427 .825
"9 Excited . 606 .320 +656 .901
10 Scraping .121 -.152 . 758 707
11 Fast _ .691 .303 .624 .848
12 Beautiful - .293 .654 -.167 .543
13 Mascuiine . -.984 .060 -.030 972
14 Strange o =.120 -. 797 .184 + 621
15 Clear e 081 .840 .257 . 780
16 Unever " .608 -.439 .303 .656
17 Thumping: - -,862 =065 .321 .850
18 Breathy .708 -.448 .043 . 706
19 Twangy .884 . =060 «165 .812
20 Solid: - . 844 . 232 .554 .768
21 Clicking 583 -. 266 .349 .532

- 22 Squeaking o LT70 -+195 . 207 676
23 Babbling (427 -.079 .253 +252
24 Srapping’ .430 .044 292 272
25 Thudding -.875 ~.111 -.239 .835
26 Abrupt . .543 .386 1,336 .558
27 Threaty = = =.870 .019 .026 758
26 Hooting - .934 -.045 093 . 705
29 Rushing .392 T =.043 - .382 302
30 Buzzing -.432 =227 155 .346
81 Hollow. - .208 106 5067 .059
32 Tigat. .- 551 063 277 . 457
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Rumbling «----couu- Whining

Low --emeeeee- High .
or

Masculine -------- Feminine

Heavy ~ --e-ec-- Light

Factor 11 represerts the Loudness-Roughness dimension of per-

ceived variability among voices, while Factor TII is the Clarity-Beauty
dimension, Both of these factors have their counterparts in all previous
voice-rating studies,

Conspicuously absent is the Animation-Rate dimension which has
emerged on several previous occasions, Here, as in the past, experiments,
judgments of "fast," "active, " etc,, are highly correlated with judgments
of "whining-high"” and "loud-rough,” Thus, rating variance which on some

occasions requires a separate dimension, Animation-Rate, can he accounted

for here in terms of the Pitch-Magnitude and Loudness-Roughness dimensions,

Also absent is the Normality dimension which has eﬁerged on several oc-
casions,

While none of the experimental items treated in this study ap-
pears to be of vaiue in relation to new dimensions of perceived variability
among voices, several offer possibilities for improved measurement with
respect to previously identified dimensions, This can"perhaps be more
easily shown by meaﬁs‘afngrapﬁic presentation,

Figure 6 shows the projections of the various rating dimensions
in the 1-II1 plane of the three-factor space, From the figure it is ap-
parent that several of the experimental items (17 through 32) can provide

measures of high "factorial purity” in the Pitch-Magnitude dimension, It

is also apparent how various of the monopolar items of Form XI can be
comhined to define a bipolar rating dimension, For example, items 17

and 19 appear to represent opposite extremes of a semantic continuum
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which happens, incidentally, to correspond quite closely to the Pitch-
Magnitude dimension, These and similar findings with respect to other
experimental items provide a tentative basis for the refinement of the
presently used (Form IITA) voice-rating method, However, confirmation
of these findings by additional research is clearly desirable before
any modification of the present voice-rating procedures anq materials

is undertaken,

B, CONCLUSIONS

From the results of research conducted thus far we are led
to conclude that the voice-rating method is presently adequate to
evaluate listener reception of four perceived acoustic traits, One pos-
sibility is that refinement of the method, as a research tool, will
permit the discovery of additional PATS, Another possibility, however,
is that the limited number of traits thus far identified is a function
not of the limitationé of the method but rather a fundamental limitation

of human taxonomic capacity. Only further research can resolve this

issue,
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CHAPTER III

THE PHYSICAL CORRELATES OF PERCEIVED ACOUSTIC TRAITS

A, THEORETICAL CONSIDERATIONS

F 2 Mo

The fact that listeners are able to order voices with some degree
of consistency on such continua as "high-low," "large-small," or éyen "red-
green" has a number of potentially significant implications éoqcerning~the
physical acoustic bases of individual differences in -speech. Evén/ﬁhere
direct evidence regarding the nature of these bases/iS'lécking, behavioral

data can yield valuable insights regarding several aspects of the problem,

4

For example, the fact that listeners are able to rate voices on the céntinuum

"fast-slow" in a consistent manner suggests that the independently-measurable

variable, speech rate, is among the more important physical voice parameters,

Similarly, the fact ﬁhat listeners are able to rate voices on the continuum

. "high-low" with a high degree of consistency strongly suggests that~sbme
function of glottal pulse rate is a major parameter -of interi;dividuall’
variation, As it turns out, neither of these two psychophysical correlations
is perfect — judged rate of speech is dependéent upon other phxéicar variables
in addition to physical speech rate, and judgmengs with respect to "high-
low" are not perfectly predictable from measures of "average pitch frequency"—
but, the results of voice-rating experiments can serve, in any case, to
narrow the field of search for £he elementary physical parameters of indi-

- vidual differences in speech,

Even in instances where the physical implications of listener

response are perhaps trivial (it is admittedly unlikely that pitch frequency

would have escaped attention but for the results of voice-rating studies)
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or quite obscur¢ (what, for example, are the possible physical bases of
listener consistency in rating voices on the continuum "rare-common"?),
voice-rating data may provide other Linds of information as to the physical
basis of acoustic individuality, |

Given knowledge of the number of independent "ways™ in which
listeners can classify voices (i ,e,, the number of orthogona! dimensions
required to specify completely the average listener's perception of a
voice), we may in turn infer the number of independent perceptually-
significant physical parameters, since for each perceptual dimension there
necessarily exists a corresponding physical acoustic dimension, Thus, the
knowledge that listeners are able to discriminate voices with respect to
the semantic continuum “c¢clear-unclear,” maytserve to narrow the field of
search for one physical parameter of interindividual variation in speech,
The fact that listener ratings on the continuum “"clear-unclear” are un-
correlated with ratings on the continuum "fast-slow™" may serve even farther
to narrow the field of search inasmuch as it implies that the physical
acoustic correlate of perceived clarity is uncorrelated with the physical
correlate of perceived speech rate, Alternatively, the fact that voice
ratings on the continuum "fast-slow™ tend generally to be correlated with
judgments  of “loud-soft™ is prima facie suggestive of a theoretically
significant rela.ion between two physical voice variables, i .e,, speech
rate and speech intensity,

In light of the foregoing it would appear that research on the
perception of individual differencces in speech can contribute to the solution
of numerous practical problems of voice communications, such as the problem

of automatic voice recognition and that of system evaluation from the stand-
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point of speaker recognizability, Before these problems can be adequately
solved, however, several fundamental issues concerning the nature of the
perceptual processes underlying voice recognition in general and voice-
rating behavior in particular must be resolved,

Assuming that the perceived characteristics of voices are related
in a fixed, immutable manner to some underlying set of physical acoustic
traits,~i,e,, that changes in the physical structure of the speech signal
will affect its perceived characteristics only according as they obscure,
enhance or distort the "fixed" physical correlates of these characteristics —
problems of automatic recognition and system evaluation can be approached
in a relatively straightforward manner,

There are, however, some grounds for hypothesizing that the manner
in which a perceived acoustic trait relates to a physical voice parameter is
"relationally determined" — that it depends upon the statistical structure
of the voice population or source, more particularly, upon the listener's
perception of that structure, Specifically, we might hypothesize that:

Given cne or more dimensions of response to characterize
his perceptions of the distinguishing characteristics of
individual voices, a listener will tend to allocate the
available response dimensions to various voice character-
istics in a manner which tends to maximize the speaker-
identity-information content of his responses,

Various aspects of this hypothesis find support in the literature
on human information processing phkenomena; Quastler (1956) has formalized
several of them in his "daisy" model of the human sensory informution pro-
cessing system, This model involves manifold channels (each potentially

assignable to a single sensory-perceptual dimension) converging on a common

- 32 -
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channel which has an information capacity less than the sum of the capacities
of the "feeder” channels, The common channel space allocated to any one feed-
er channel is limited in any case, but depends in a given instance upon the
distribution of information loads upon the remaining channels, Thus, stimulus
impoverishment in a particular dimension may act to decrease the total stimu-
lus information transmitted to the observer but to increase the information
transmitted concerning one or more of the remaining stimulus dimensions, The
results described by Pollack (1963) for cases involving separate and combined
pitch and loudness judgments sre typical of the experimental support for the
"daisy"” model, A priori, analogous results might be expected in the case of
voice-rating experiments (i.,e,, where some form of speech degradation ef-
fectively reduces the dimensionality of the speech stimulus) and some results,
described by Voiers et al, (1965) for vocoded speech, appear consistent with
these expectations, However, the voice-rating situation is distinguished
in several important ways from the situations typical of the “"classiral™
studies of human channel capacity, and some elaboration of the "daisy"” model
may be required to cover this case,

In most of the early experiments on human i;formatiﬁn processing,
there has existed little or no ambiguity concerning the stimulus dimension
to which a particular response dimension is most appropriately associated,
Experiments involving pitch ratings of pure tones are typical in this respect,
In the case of voice ratings or judgments, however, the critical stimulus
parameters are, per se, likely to be rclatively obscure or ill1-defined, In
turn, there may be little basis a priori for listener consensus regarding
which response dimensjon is most appropriate to each parameter, Accordingly,

we might hypothesize that:

- 33 -




(e
LK

B - o PR T VNP L A T

-

!

k

1 '\'
Al

T

Lacking effective instruction as to the most appropriate allo-
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iis respoise repertoire to a particular set of physi-
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cal voice parameters, a listener will tend, generally, to infer
a solution on the basis of his experience in the experimental
situation and, in particular, his conception of the stimulus
population or source involved, '

For example, given stimuli which vary substantially with respec£ to the
acoustical correlates of the sensory quality, pitch, the typical listener's
"normal" reaction will be to utilize such rating dihenSiohs as "low," "high,"
and "masculine-feminine" to indicate his perceptions of this sensory quality,
Where, however, interindividual variation in the stimulus correlates of
pitch are reduced or obscured in one way or another, the listener's reaction —
according to hypothesis — will be to utilize the "low-masculine — high-
feminine" channel to carry information with regard to other stimulus proper-
ties where this can be accomplished in any "rcasonable" manner, To the
extent that such stimulus-response realignments — "qualitative shifts" in
the psychophysics of voice perception — can occur, changes in the information
content of voice ratings under various transmission conditions must neces-
sarily be interpreted with some caution, More generally, statements con-
cerning the physical correlate of the various perceived acoustic traits
may require some qualification,

The experiment described below was designed to provide some clari-
fication of this issue and, more generally, the issue of the physical basis

of voice recognition,

B, A STUDY OF THE PHYSICAL BASIS OF PERCEIVED ACOUSTICAL TRAITS
A factor analysis of twenty-three voice variables was performed in

an attempt to elucidate the psychophysics of voice perception, Sixteen of
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these are perceptual variables derived from the listener's ratings of voices,
However, they involve only four rating dimensions, each representing one of

four elementary perceived acoustic traits: I, Pitch-Magnitude, II, Loudness-

Roughness, III1, Animation-Rate, and IV, Clarity-Beauty, Datd relating to each

dimension are included for four different experimental conditions, each in-
volving a different form of speech processing, These were unprocessed speech,

digitally vocoded speech, severely low-passed speech and severely high-passed

speech,

The seven physical volice variables treated in the analysis include
an indicant of the speaker's natural or average pitch frequency, a measure of
his characteristic rate of speech and of his "spectral characteristics,” a
measure of the level at which his speech was presented to the listeners and
a measure of his inherent speech level, These variables are described in

detail in Table 4,

Methods _and Materials .

The voicé;};ting methods, stimulus materials, etc, are described in
detail elsewhere (Voiers et al., 1965),l A "relative rating” procedure was
employed to collect all of the voice-rating data used here, The basic
stimulus materials were provided by the tape-recorded voice samples used in

2 In all instances

previous research involving the relative rating method,
listeners used Voice Rating Form IIIA to describe their perceptions of the 24

voices,

Data for the variables described in Table 4 were subjected to a
factor analysis by the method of principal components, The results of this

analysis are presented below,

lVoice-rating data for the case of unprocessed speech were provided by the
"First Normative Study"” of Voiers et al, (1965),

2’Ibid,
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Table 4,

1, (PAT lu)
2, (PAT 2))
3. (PAT 3))
4, (PAT 4))
5. (PAT 1)

wyy

Physical and Perceived Voice Variables Subjected to Factor Analysis

Speaker values on PAT 1 (Pitch-Magnitude) based on averages
of 32 listeners' ratings for two items:

Rumbling-----~--- Whining
Lows--reecncmean- High
Masculine------~- Feminine
Heavy---==c=n=um- Light

for the case of unprocessed speech,

Speaker values on PAT 2 (Loudness-Roughness) based on averages
of 32 listeners' ratings for two items:

Loud------cnveu-- Soft
Intense--~=~-=~-- Mild
Scraping------~- -Gliding
Rough-----cvceeuan Smooth

for the case of unprocessed speech,

Speaker values on PAT 3 (Animation-Rate) based on averages
of 32 listeners' ratings for two items:

Active---=ereeuo- Passive
Brisk------------ Dragging
Fast------e--co-- Slow

Busy---=~--=-c-o- Resting

for the case of unprocessed speech,

Spcaker values on PAT 1 (Clarity-Beauty) based on averages
of 32 listeners' ratings for two items:

Clear------=-v--- Hazy
Definite--------- Uncertain
Beautiful -------- Ugly
Clean--~--=------ Dirty

for the case of unprocessed speech,

Speaker values on PAT 1 based on averages of 8 listeners'
ratings of voice samples processed by a 2400-bit digital
vocoder,
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Table 4 (cont,)

5. (PAT 2v) Speaker values on PAT 2 based on averages of 8 listeners'
ratings of voice samples processed by a 2400-bit digital

vocoder -
7. (PAT 3v) Speaker values on PAT 3 based on averages of 8 listeners'
ratings of voice samples processed by a 2400-bit digital

vocader,

8, (PAT 4v) - Speaker values on PAT 4 based on~average§ of 8 listeners'’
: ratings of voice samples processed by a 2400-bit digital
vocoder, ‘

9. (PAT“I1 )  Speaker values on PAT 1 (8 listeners) for the casé of speech

' +P low-passed at 500 Hz, ) )

10, (PAT 21 ) Spesker. values on PAT 2<(8 listeners) for the case of speech’
P low-passed at 500 Hz, = -

- 11, (P,AT'31 )  Speaker values on PAT 3 (8 listeners) for the case -of speech

B - 1P low-passed- at 500 Hz, -

12,  (PAT 4,,) Speaker values.on PAT 4 (8 listesers) for the case of speech
. P low-passed at ‘500 Hz,

13, (PAT 1h )  Speaker values.on PAT 1 (8 listeners) for the case of speech

P high-passed at 2000 Hz,

14, (PAT 2, ) Speaker values on-PAT 2 (6 listeners) for the case of speech
P high-passed at 2000 Hz, ‘ '

15, (PAT 3h }  Speaker values on PAT 3 (8 listeners) for the case of speech
P high-passed at 2000 Hz,

16, (PAT 4, )  Speaker values on PAT 4 (8 listeners) for the case of speech

P*  high-passed at 2000 Hz, .

17. (LST) Frequency of speaker's towest singing tone, (Frequency
scale inverted for this analysis,) ‘

18, (ST) Time required (exclusive of ‘gaps) for speaker to enunciate the
16 sentences comprising voice-rating stimulus materials;

19, (SS) Indicant of "characteristic spectral slope" for speaker obtained by

SS==(L0__.5 ke t L‘S_l-kc)r(Li_g ke T Lo.gq go'v Where L is the
mean (dB re arbitrary level) for averaged "three highest peaks"
under indicated frequency-pass condition,

20, (SC) Indicant of "characteristic spectral convexity" obtained by
SC= L 5 ke ¥ L2 kc)-(LO-.S ke ¥ Lo-g kel
21, () Indicant of "characteristic spectral jaggedness" obtained by
J=(0ALy 5 ke ™ MLy o ked ~ (L 55 ke ¥ Mlog ke
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2z, (L) _-Mear (dB xe arbitrary level) for speaker of averaged (visual)
three highest peaks as determined from General Radio Graphic
- Level Recorder, ’
23, (IL) indiegnt of inherent speech level, obtained by IL (L. - noise
level) as determined with graphic level recorder,
- 38 -
——r T e e e oy,

s
2
¢




Results.and Discussion

) Five orthogcnal factors suffice to describe the systematic
variation in the 23 variables under consideration, where the criterion of
sufficiency is that the sum of the five largest éigenvalues is approximately
equal- to the éummed coefficients of reliability for the-23 variables.1

| The initial factorial axes were rotated tc satisfy a varimax
AEriteribn of simple structure for the "tag" variables, bAT 1, PAT 2u' PAT 3u'
and PAT 4u';\
Inspection of the resulting set ofifactnr‘loadings revealed that
ah additional rotation (-26°) in the IV - V plane would permit identifi-

cation of factors IV and V with the physical variables inherent speech level

and lowest singing tone, The pattern of loadings yielded by the rotation

of axes is shown in Table 5,

Consider first the question of factor identification, Littlef
difficulty is encountered in this cohnéction, Factors I, II, and III are
defined by perceptual variables, while factors IV and V are defined primarily
by physical variables.

Factor I clearly represents the perceived acoustic trait; Pitch-
Magnitude, All variables involving this PAT have loadingé of 9% or high-
er, Factor II appears to represent thé perceived acoustic traijt, Loudness-

Roughness, in light of the high loadings exhibited by all variables in-

volving this PAT, It is noteworthy, however, that variables involving

1Coefficients of reliability are intraclass correlations in the case of the
16 perceptual variables, "Split-half" correlations adjusted by means of the
Spearman Brown formula provided estimates of the reliabilities of the
physical voice variables except LST, The communality of this variable
obtained from a previous factor analysis was used as an -estimate of its
reliability,

e e




Table 5.

Final Factor Loadings of Twenty-Three Voice Variables

i S+ ¢ GRS ' v n? Reliability
1 (PAT1)  0.95 0.09 -0.06 -0.02 0.02 0.91 0.98
2 (PAT 2))  0.10 0.94 -0.05 0.02 -0.01 0.91 0.93
3(PAT 3)  -0.66 0.65 -0.08 =-0.20 0.10 0.92 0.97
. 4 (PAT 4)  -0.02 -0.05 0.86  0.00 -0.00 0.75 - 0.84
5(PAT 1)  0.92 0.18 -0.04 -0.11 0.10 0.88 0.94
6 (PAT 2))  -0.52 0.51 -0.12 0.15 0.36 0.70 0.62
T(PAT3)  -0.74 0.4 -0.15 -0.16 0.35 0.90 0.88
8 (PAT 4)  0.41 0.08 -0.44 -0.37 0.01 0.50 0.41
9 (PAT 1))  0.93 0.07 029 -0.14 -0.12 0.98 0.96
10 (PAT 2, ) 0.5 0.5 0.05 -0.10 0.03 0.69  0.74
1L (AT 3 ) -0.61 0.52 -0.23 -0.25 0.31 C 085 0.86
12 (PAT 4, )  0.39 -0.27  0.63  0.17 <022 0,70 0.71
13 (PAT 1, ) 0.89 0.19 0.10 -0.23 0.00 6.89 0.93
) 14 (AT 2, ) -0.15 0.78 -0.13 -0.06 -0.08 © 0.66 0.70
15 (PAT 3 ) -0.73 0.59 -0.14 -0.19 0.04 0.94 0.87
16 (PAT 4, )  0.58 -0.48 0.42 -0.13 -0.01 0.79 0.71
17 (LST) 0.70 0.03 -0.13® 0.02 0.52 0.78 0.76
18 (ST) 0.47 -0.14 -0.43 0.42 0.02 0.65 0.87
19 (SS) 0.37 -0.66 0.32 0.42 0.26 0.91 0.90
20 (SC) -0.24 0.34 -0.50 0.40 -0.19 0.62 0.63
21 (SJ) 0.48 -0.49 0.15 -0.16 0.39 0.66 0.69
22 (L) 0.26 -0.30 0.20 0.45 0.20 0.44 0.69
23 (IL) -0.27 0.10 -0.45 0.73 0.04 0.83 0.83
X2 7.88 4.64 2.57 1.75 1.02 I  17.87 18.42
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ratings of this PAT under conditions of degraded speech tend to have some-
what reduced loadings. 7

The high 1oading§ cbtained for the perceptual variables PAT 4u and
PAT.41p serve to identify factor IIT with the perceived acoustic trait Clarity-
Beauty, though other vériables associated with that PAT do not exhibit
exceppionally high lgﬁgings on the factor in question,

No factor appeéfs to be identified with the PAT, Animation-Rate,

as has been the case on several previous occasions, Rather, values on this
PAT — at least as estimated by the items "fast-slow," "busy-resting," etc, —
appéar to bé\predictable from rétings on PAT 1 and PAT 2, The loadings of
?AT‘Su on factors I and II indicate a tendency for voices which are judged
"high" and "loud" to be judged "fast” and "active" as well, The impli-
cations of‘ghis result will be discussed more fully at another point,

Factor IV ié defined ehtirely.by physical voice variables, and

in particular IL (inherent voice level), No perceptual variable loads highly

on this factor;“thoughxseveral of therphysical variables, with high loadings
here, also have relatively high loadings on factors defined by perceptual
variables, Factor 1V appears, in oiﬁer words, to be a repository for the
component of intensive variation among. voices, which is of negligible per-
@eptual significance,

Factor V is defined by a single physical variable, lowest singing
lone, and appears to represent the perceptually insignificant component of

variance in this physical voice parameter,

Psychophysics of Veice Perception

The results in Table 3 have various implications for the psycho-
physics of voice perception, Consider first the question of the "normal”

physical correlates of the various perceived voice characteristics,
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Pitch-Magnitude, In Table 3 it can be seen that the physical cor-

relates of Pitch-Magnitude are quite well-defined am stable over a

range of speech-transmission conditions, All variables involving this
PAT have high loadings on- factor I, Several physicel variables slso
have substantial loadings on the factor assrciated with this PAT,
Predictably, perhaps, the highest of these (,70) is found in the case
of lowest singing tone (LST}, Other vaviasbles relating to "spectral
shape,” SC and SJ, éppear to contribute to the perception of Pitch-
Magnitude, but it is of particular interest that speech time (ST) also
appears to be a correlate of this PAT,

A more detailed examination of the correlations among Pitch-
Magnitude and its various physical correlates provides some further in-
sight as to the physical basis of this PAT, Table 6 shows, among others,
the intercorrelations among the PAT 1 and the four physical voice variables
which -have the highest ldadings on factor I, As is to be ekpected-from the
results in Table 5, LST, lowest singing tone, is the primary physical cor-

relate of Pitch-Magnitude, Although the remaining physical variables ex-

hibit some correlation with this perceptual variable, they tend to be
intercorreiated in varying degrees,

In this connection it is of particular interest to know the

~ basis of the somewhat unexpected correlation between Pitch-Magnitude and

the physical variable, speech time, One might hypothesize that a slow

rate of spéech is per se conducive to the perception of "low pitch" and

‘"large magnitude."” However, a theoretical basis for such a hypothesis is

somewhat difficult to find,
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An alternative hypothesis is that speech rate, per se, is of no
direct percepcual consequence here, but that it is correlated with other
physical voice variables on which the perception of-Pitch-Magnigggg is
directly dependent, In simpler terms,this is the hypothesis that the

observed correlation between PAT 1 and speech time derives from a tendency

for speakers with "low" voices to speak somewhat slower than average,
rather than from any direct significance of speech time for the perception

of Pitch-Magnitude,

Available data permit a test of this inference, This involves
estimating the correlatior which would exist between PAT 1 and speech time
if LST and ST were uncorreiated, A "part correlation” of ,06 is, in fact,

consistent with the hypothesis that speech time, per se, has no implications

for perception of the trait Pitch-Magnitude: that the observed correlation

between speech time and PAT 1 is attributable primarily to the correlation

_-betweén LST and ST, Fufther verification of this hypothesis, by experi-
mentation is, of course, to beidésired.

Loudness-Roughness, From ?able 5~iijis evident that this perceived acoustic -

trait has a negligible corré}afiEh-Qith any gross aspect of intensive varia-
tion among voices, Neither the variable L, an indicant of veice intensity
as heard by the listeners, nor IL} a measure of voice level relative to
recorded noise level, exhibits significant correlation with judged Loudness-
Roughness, However, two physical variables, themselves correlated, exhibit
substantial correlation with this PAT, SS, an indicant of low-frequency

energy relative to- high-frequency energy, has a negative loading of ,65 on

factor Il while S8J exhibits a negative loading of -,49 on the factor represent-

ing Loudqe§s~§ogghness. The impiication of these results is thut veices
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having relatively large amounts of high-frequency energy tend to be judged
loud and rough while voices for which low-frequency energy predominates
tend to be judged soft and smooth,

It is also interesting to note that, while PAT ?v and PAT 2lp
have substantially reduced loadings on factor IT, PAT 2hp (based on ratings
of high-passed speech) has a relatively high loading on factor IT, This
would seem to provide further support of the hypothesis that the physical

correlate of Loudness-Roughness resides in the upper region of the speech

spectrum, In this connection, however, we might raise the question of
whether the loading of SJ on factor II implies that spectral jaggedness

per se is a correlate of Loudness-Roughness or whether the observed cor-

relation of these two variables derives from the correlation between SJ and
SS, Part corfelatfo;“{eﬁhniques can serve again to throw some light on the
issue, If the communality of SS and SJ were non-existent, a correlation of
only -,06 would be expected between PAT 2u and SJ, This is consistent with
the hypothesis that, as such, spectral jaggedness is not a condition of the

perception, Loudness-Roughness,

Clarity-Beauty, Three physical voice variables have substantial loadings on

the factor representing this perceived acoustic trait, SC, an indicant of

spectral "convexity", has a loading of -,50 indicating that, ceteris paribus,

voices having relatively high concentrations of energy outside of the 500-

2000 Hz tend to be judged Clear-Beautiful,

A loading of 0,43 exhibited by ST, speech time, on this factor
suggests that the voices of "slow talkers™ tend to be judged more "Clear-

Beautiful” than those of fast talkers,
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A loading of -,45 exhibited by the variable,IL, implies that
voices of inherently low intensity tend to be judged as more "Clear-
Beautiful” than those of inherently high intensity, Since attempts
were made to equate the levels (VU readings) of the voices as recorded
and presented to the listeners, the significance of this result is
‘somewhat difficult to assess, A priori it is conceivable that the ex-
perimenter over- or under-compensated for low-intensity voices in adjust-
ing recerding gain and thus introduced a spurious physical correlate of

Clarity-Beauty, A correlation of .23 between L and IL indicates that,

in fact, differences in inherent speech levels were somewhat inadequately

compensated for in recording the veice samples, In any case, we may ask

‘what the correiétion between the PAT, Clarity-Beauty, and inherent speech

level would be if recording géiﬁs were the same for allivoices, The part
correlation coefficieni obtained by removing the effects of the correlation
between IL and L is of interest here, The observed zero-order correlation
between PAT 4u and IL is -,40, Adjustment of this coefficient for the
communality of IL and L increases its absolute value to -,47, which sug-
gests that variations in recording gain tended to mask the "true" cor-

relation‘(negative) between PAT 4 and the inherent speech level, It

follows,in turn, that the correlation (positive, at least over the range

of levels involved here) between PAT 4 and presentation level (L) can be

-masked to some extent by differences in inherent level, These con-

clusirus might at first seem somewhat incompatible but some theoretical

hasis for them can be found,

- Intuitively, it is reasonable that over some part of the range

‘below the dis@orgiop point of the recording-playback system (and/or the

e

- 46 -

w . By R g - T ges ——smos
- s

T e
R o N S e




human auditory system) speech presentation level is positively related to
its perceived clarity, Although the basis of a negative correlation between
inherent speech level and the perception of clarity is not so apparent, the

fact that inherent level, as evaluated here, is effectively inherent vowel

level, raises the possibility that IL §s tantamount to a negative measure
of the ratio of consonant/vowel intensities which characterize a given voice,
It is quite piausible, in turn, that voices characterized by a high con-

sonant/vowei intensity ratio tend to be more intelligible and, in turn, to

be perceived as more Clear-Beautiful than other voices, Needless to say,
several points in this line of reasoning could bear“expefiméntal verification,

Animation-Rate, While PAT 3, Animation-Rate, does not emerge here as an

independent dimension of perceived variability among voices, some interest
attaches, nevertheless, to the issue of its physical acoustic basis, An
examination of Table 6 reveals that this PAT exhibits substantial cor-
relation with all but one of the physical variables treated here., Interest-
ingly enough, speech time is not among the more important of these, Rather,

spectral slope and spectral jaggedness appear to be the major correlates

of the PAT, Animation-Rate, while several other physical variables cor-

relate with this PAT as highly as speech time,

From Table 6 it can be seen that speech time has relatively low
correlation with the other physical variables under consideration, This
would suggest that various correlations between PAT 3 and these physical
variables are not altogether artifacts of the sort we have encountered beforc,

This is to say that several of the physical variables may con-

tribute directly and independently to the percepticn of Animation-Rate,

Where the correlation between a physical variable and a perceptual variable



can be experimentally altered, independently of other physical variables,
we may infer that the first variable has direct perceptual consequence
for a given PAT,

The results in Table 7 reveal that such is the case for at

least two of the physical variables under consideration, Speech degra-

dation tends, in several instances, to reduce the correlation between
PAT 3 and one physical variable while not affecting or increasing the
correlation of other variables with this trait, In particular, we are

led to conclude, if somewhat predictably, that speech time (and perhaps

inherent level) contribute to the perception of Animation-Rate in-

dependently of the remaining physical variables and possibly of each
other, Still other, .less pronounced,.examples of this type can be found
in the table, However, further research is clearly required in this
connection,

Effects of Speech Degradation

Our primary concern thus far has been with the "normal" psycho-
physics of voice perception — with relations between the perceived
characteristics of undegraded voice samples and selected physical voice
variables,

A number of important psychophysical relations, as well as
relations among physical voice variables, have been at least tentatively
established, On the assumption, however, that they will find verifi-
cation in the results of further research, the question arises as to
what generalizations are warranted by them, Can they, for example, serve
as a basis for predicting the perceptual consequences of various ex-

perimental transformations of the speech signal?
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Before attempting to answer this question, let us examine the
impiications of various hypotheses concerning the psychophysics of voice
perception, Consider first some specific implications of the hypothesis

~of a "fixed" psychophysitcs for cases involving degraded speech,
- - 1f the effect of degradation is simply to obscure the physical
correlate of a yiven PAT in some degree, the most immediate consequence will
be a reduction in the correlation between listener ratings on the trait
under normal\conditions~and ratings of the same trait under degraded speech
conditions, Thus, to tke extent that vocoderization, for example, serves

simply to obscuré the normal physical correlates of Pitch-Magnitude, the

primary consequence would be a reduction in the loading of PAT 1v on factor
"I, To.the extent that vocoderization distorts the normal physical cor-

relates of Pitch-Magnitude, a reduction in the loading of PAT lv on factor

1 wouldAbe again expected. Additionally, however, éextreme distortion of
the normal physical correlate of PAT 1 may result in the emergence of a

new factor representing the "distortion componént -of variance" in PAT 1.
Recall again that in both of these cases the listener's perceptual response

to a particular physical parameter cf the speech signal, as presented to

him, is aSsumed to be unchanged.
The alternative of the hypothesis of "fixed" psychophysics is

the modified "daisyf hypothesis, This hypothesis holds that, when deprived

of the normal physical correlate of a given PAT, a listener allocates the

"perceptual channel” associated with that PAT to a different physical voice

variable, Conceivably, the “?W éariablerﬁay be one of pre&jously negligible

perceptual~conséquepgé;1;0ﬁ1£hé.othér hand, it may be the physical cerrelate

of another Qercgived’acbustic trait, .
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Evidence of the latter type of "psychophysical shift" is provided by
instances where ratings of a given PAT under a degraded speech condition
are correlated with ratings of a different PAT than in the case of un-
processed speech, 'If, Tor examplie, PAT lv were foun& to hﬁve a high

Inading on factor I1 Leudness-Roughness , we wruld infer tha: the normal

stimulus correlate of Pitch-Magnitude was obscured by vocoderization and

that the listener had responded by allocating his "Pitch-Magnitude”

channel to the stimulus correlate of Loudness-Roughness, At present,

however, a third possibility must be considered in evaluating such results,
This is the possibility that a particular form of degradation operates to
induce a correlation between normally uncorrel=ted physical voice variables

and, in turn, to induce a spurious psychophysical shift,

The kinds of data presently available do not permit rigorous
distinction between true and spurious psychophysical shifts, Additional
physical acoustic mer-urements will be required for this, There are, how-
ever, some present findings which are sufficiently suggestive of each
possibilxty to warrant their discussion here, While it is easy to con-
ceive of how the drasti~ transformation of the speech signal effected by
vocoderization can provide conditions conducive to spurious psychophysical
shifts, it is more difficult to conceive of how simple frequency distortion
can do this, Subject to the results of additional research, therefore,
we are inclined to attribute shifts observed in cases of frequency filtered
speech to true chénéé; in fﬁv physical bases of certain perceived voice

characteristics, Let us now re-examije some of the results in Table 5,



I'n the vase of PAT §, it would appear that none of the effects
discussed above has occurred, The lToadings on factor I of variables in-
volving PAT |} are cssentially unchanged over the range of transmission
conditions repregéﬁtéd here, Subject to the results of futvre ex-
perimentation, we are therefore led to conclude that the present results

for Pitch-Magnitude are not inconsistent with the hypothesis of a fixed

psychophysics,
PAT 2 presents a different picture, For the case of vocoded

speech (PAT 2v), there is a substantially reduced loading on factor II,

which is normally identified with Loudness-Roughness. This is accompanied

moreover, by an increased loading on factor I, indicating the possibility
of a psychophysical shift, For the ca.e of low-passed speech, there is
again a suggestien of a shift in the physical correlate of Loudness-
Roughness, The depressed loading of PAT 2lp on factor II (,52) is
accompanied by un elevated loading (,58) on factor I, suggesting psycho-
physical shift, but in the opposite direction of the shift found with
vocoded speech, While vocoding "induced” a negative loading of PAT 2
ratings on factor I, low passing induced a positive loading on the same
factor,

For the case of high-passed speech, there is no indication of

a substantial shift in the physical correlate of Loudness-Roughness,

Rather, the deprﬁfﬁfd lqading of PAT 2hp on facter II (,78) can find
an explanétion consistent with the hypothesis of a fixed psychophysics,
The results for PAT th can, in other words, be accounted for simply in
terms of a tendency for high passing to obscure the normal phvsical cor-
relates of PAT 2,

The results for PAT 4 (identified with factor IIl) provide ad-

ditional indications of possible psychophysical shifts, whether true or

e



spurious, The results for vecoded speech are particularly interesting in
this connection, PAT 4, hus a neqative loading on factor III, indicating

that judgments of Clarity-Beauty under this condition are jinversely related

to judgments of the same trait under normal - :aditions, At the :ame time,

there is a possible indication that, wiiih viéCudeu speech, judgments of this

trait are determined by the normal physical correlate of Pitch-Magnitude,
For both high-passed and low-passed speech, the variables associated with
PAT 4v (PAT 4Ip and PAT 4hp) have depressed loadings on factor III, ac-
companied by elevated loadings on factor I,

Since the PAT Animation-Rate is not uniquely associated with any

of the orthogonal factors reveaied by the present analysis, the effects of
the various experimental conditions upon this variable are not so clearly
apparent in Table 5, In graphic presentation, however, they are more easily
apprehended,

Figure 7 shows a plot of all 23 voice variables in the I-II

(Pitch-Magnitude — Loudness-Roughness) plane of the perceived acoustic

trait space, To facilitate interpretation, the points for all variabies
involviny a given PAT are joined by lines,

From the figure it is evident, first, that no psychophysical
‘shifts of any consequence occurred in the case of PAT 3, at least within
the I-I1 plane of the trait space, Moreover, other projections of the
trait space fail to reveal any evidence of shifts in the physical cor-
relation of this PAT,

Figure 7 also serves to provide graphic demonstration of the
results described above for other PATS, Thus, the "tight grouping” ob-
served in the case of PAT T illustrates the psychophysical stability of

Pitch-Magnitude, while the dispersion of points involving each of the re-
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maining PATS dramatically portrays some of the evidence as 'o their

psychophysical instability,

C, COUCL"EIO0:S

The results presented in this chapter inaicate that while the
physical correlates of some perceived acoustic traits are quite stable
over various forms of speech degradation, the physical correlates of

others may be altered by degradation of the speech stimulus, The normal

physical correlates of Pitch-Magnitude and Animation-Rate, identified thus
far, exhibit little change with stimulus impoverishment, but the stimulus

correlates of Loudness-Roughness and Clarity-Beauty are drastically altered

by frequency filtering and vocoderization,
The latter results are consistent with a modified "daisy" hy-

pothesis which would attribute them to qualitative psychophysical shifts —

true changes in the stimulus correlates of various perceived voice
characteristics, Conceivably, however, some or all of these results
could alsb find ;;planation in terms of spurious shifts brought about
by experimentally induced correlations hetween the normal stimulus cor-
relates of two or more perceived acoustic traits,

Available data do not suffice to resolve the ambiguity of the
present results, Additional correlated data on the physical acoustic
implications of speech degradation will be required for this purpose, In
any case, however, the present results raise some significant issues con-
cerning the uses of voice-rating data for purposes of svstem evaluation,

Where the assumption of a fixed psychophysics can be justified,
voice-rating data are potentially of value for purposes of indirect
evaluation of the fidelity with which specific physical voice variables

are transmitted,
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Spurious psychophysical shifts are not, of course, inconsistent
with the concept of a rigid psychophysics, By defirition they arise
simply from experimentatly-induced changes in the interrelations among
physical voice variables, Where the possibility of true psychophysicai
shifts can be eliminated, voice-rating data are of potential value simply
in detecting svstem deficiencies in the transmission of specific physical
parameters of interindividual differences in speech, Given the possibility
of true psychophysical shifts, the diagnostic value of voice-rating data
is necessarily limited, Under these circumstances, however, such déta
may yield more valid measures of gross system performance with respect to
speaker recognizability than perhaps any practical method based on physical
measurements of transmitted speech,

In 1ight of these considerations, it is evident, at least, that
further research to distinguish between the physical and psychological
bases of psychophysical shifts will contribute significantly to the tech-

nology of system evaluation from the standpoint of speaker recognizability,
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