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LISTENER PREFERENCE AND COMPREHENSI ON TESTS OF STRESS
ALGORIThM S FOR A TEXT-T O-PHONETIC SPEE CH SYNThES IS PROGRAM

INTRODUC TION

‘l’he availabil i ty of commercial speech synthesizers at reasonable prices is making corn- —

put er voice output  a practical reality . A variety of American English text-to-phonetic pro-
grams, which convert English spelling to the phonetic input required by a syn thesizer , are
being developed by several groups in this country . For practical use in combination with
other systems , such program s should not use an excessive portion of the computational
facilities . The text-to-phonetic program developed at NRL E l )  uses a limited set of con-
text-sensitive letter -to-sound rules , It does not include a lexicon of specific words ( al-
though a few of the rules are so specific as to he essentially l)ronunc iat ions of certain
irregular words 1 and contains no syntactic information other than punctuation. The pres.
ent version gives the correct pronunciation of about 90~ of English words. Most of the
remaining words have a single error easil y corrected by the listener.

Besides acceptable pronunci ation , an important  feature of natural speech is variation instrí ss: not all sounds are given the same emphasis. It is increasingl y apparent that the pro-sodic characteristics of speech ( frequency, duration , intensity) are important to under-
standing. The rh y thmic  nature of natural speech is used by listeners to anticipate future
aspects of the signal , based on past and present information 12 ,31 - In natural speech ,stressed elements tend to he better articulated and more informative than unstressed ele- K

ments . The r h y t h m  and stress patterns of a sentence also convey information about its
s y n t a c t i c  structure , and intonat i on often indicates the emotional content of the message.

‘I’ho flat , rnaeh, f lc . l lk ,A sound of sy i i l h e ( i c  speech when there are no stress variations isvery striking. \Io st people find it annoy ing and diff i cul t  to listen to. Adding stress varia-
t l o i l s  to  a I ( ’X ( t0-s 1)( ’( ’( ’h program should make l i s t en i ng  more pleasant and could reduce
boredom and fatigu e in extended listening. It is possible that almost any stress variation ,even if it does not follow correct English pronunciation , would relieve the machine mono-ton~’ enough to make listening easier. On the other hand , incorrect stresses mi ght causethe h i s t i ni n to falsely interpre t word s or sentence structures. A reasonabl y correct stresspattern , in contrast , would probabl y improve comprehension and make listening more
pleasant.

S 
~ omt ’ of the more sophisticated text-to .speec ’h programs do include provisions for as-signing differ ent  stress levels , particularl y in polysy llabic words, Though there are regu-lariti es in En gl ish as to stress pl acement irs words and sentences I I I ,  there are also numer-oUs ex cept io ns  to these regul ar it ies . Linguists disagree as to a correct set of stress rulesfor Engl i sh.  Even if a 5 In ip lete set of rules could he stated , it would be very complicatedrind unwield y. ‘rh i ’ rules for word stress would require information about roots, prefixes,

M isuisi-ri pt submitted Mis’ I 2, 1 9’7 Ii .

- .
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suffixes, and part of speech; rules for sentence stress would require complex syntactic
and semantic information.

A system for rule synthesis of speech which included a large body of lexical , syntactic ,
and semantic information might provide an excellent test of various theories of stress in
Eng lish . On the other hand , many text-to-phonetic programs do have a little or no lexicon
information and are even less likel y to include svn tactic rules, except those th at deal with
punctuation. To include such information would require extra memory and computa-
tional facilities and would limit practical uses of the program. For practical rather than
theoretical uses , therefore, it is better to have a simple set of rules containing little infor-
mation beyond spelling, word boundaries, and punctuation. Such unsophisticated rules
would obviously lead to erroneous stress assignment in a number of cases. However , even
the most complex stress rules would occasionally lead to wrong assignments.

It should be possible to define a fairly simple set of stress rules that will improve both
quality and comprehension. In refining such rules , a point will be reached at which smal l
improvements in quality and comprehension can be gained only at the expense of great
complexity . This compromise between practicality and accuracy or acceptability is simi-
lar to that which motivated the development of the NRL text-to-phonetic rules. The ex-
periments discussed in this report compare unstressed synthetic speech , simple stress rules ,
and two versions of hand-placed stress (stress placed by hand should represent the best
that could he attained if the rules never made wrong assignments~.

A discussion of some of the problems of’ stress in natural and synthetic speech precedes
the report on the listener preference and comprehension experiments. Because of the some-
what unsatisfactory outcome of the comprehension test , a following section discusses
problems of testing comprehension and gives recommendations for future tests.

PROBLEMS OF STRESS

Acousti c Correlates of Stress

Three acoustic characteristics are often associated wi t h  stress: fundamental frequency
(or pitch), syllable duration (or length), and int en sit  (or loudness). In traditional linguis-
tics, the word stress referred to intensity, and it was assumed that stress was perceived as
an increase in loudness, Intonation (or change in pitch) was supposed to be separately per-
ceived. Experimental evidence suggests that stress and pitch are not- separately perceived
and that these judgments may depend on the entire sentence contour [5 ,6J Bolinger
15 ,71 has proposed that stress in English is actually pitch accent.

Experiments by Fry 18 1, using words that can be heard either as a noun (SUBject ) or
- 

~
‘ as a verb (subJECT ), showed that greater duration or greater intensity could lead to the

perception of stress on a given syl lable but that duration was the stronger cue. Later .
similar experiments (9 1 confirmed this and extended the experiments to include fre-
quency. The effect of frequency cues on noun vs verb judgments tended to be all-or-none ,
and frequency seemed to he the over ri ding cue when it was opposed to duration. Morton )
arid .Jassem 1 101 obtained similar results using nonsense words and found the effect of t -

frequency to he substantially greater than that of duration or intensity . Lehiste 1111

2
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cites studies reporting similar results for Swedish , Polish , and French . Ma ny of the exper-
iments on stress have dealt with isolated words rather than words in sentences. There is
no particular reason to expect that these results apply to running speech. Words spoken
in isolation differ in many ways from words spoken in sentences. For exam ple, words
spoke n in sentences are often less clearly articulated than t1 .’ same words spoken in isola-
tion. Also , the In st syllable before a pause is often lengthened. This means that  the final
sy llable 0 r a polysy llabic word spoken in isolation is probabl y longer th an if the word
were in the middle of a sentence.

Lieberman [121 compared stressed and unstressed syllables of word s spoken in a sen-
tence context. Stressed sy llables were more often higher in frequency, longer , and of
greater intensity than unstressed syllables. I 1 meda 1131 collected vowel durat ion data
from extended readings. In addition to differences in duration (depending on th K - partic-
ular vowel and the following consonant) , stressed vowe ls tend to be longer on the average
tha n unstressed vowels, and the last vowel in the sentence or ph rase is substantiall y
len gthened. This final lengthening may in part account for Klatt ’s [1-I ) f inding that  the
vowel is longer in a monosyllable than in a disyllabl e.

While stressed syllab les do tend to be longer , on the average , than unstressed sy llables .
the relationship between stress and timing in running speech is probably more complex
than this [2 ,15,16) . r h ’  temporal organization is influenced by the pattern of accents in
the entire sentence [2 1. The context of surrounding stress levels in the sentence , as well
as the stress level of the sy llable itself , influence the duration of a given syllable. One
example of this is that [171 in natural speech stressed syllables tend to be equidistant in
time (isochronous stress), so that a stressed syllable just before another stress is somewhat
longer to compensate for the lack of intervening syllables , and multiple adjacent unstressed
syllab les will tend to be compressed. True isochrony rarely occurs, because there are
limits to the amount of compensatory lengthening and shortening that actually takes

S place.

Altho u gh no single acoustic characteristic of the speech signal corresponds p erfect ly
with the production or perception of stress, Lieherman [121 found no case in which th e
stressed sy llable d i d  not hav e either higher fundamental  frequency or greater intensi ty,  or
both . Electrophysiological studies have led some investigators to suggest that stress
corresponds most closely w i t h  physical effort  [18,19). It  seems clear that the acoustic
manifestations of stress are due to the interaction of a number of factors , inc luding artic-
ulatory constraints and the context of surrounding sneech.

Martin [2 )  proposed a speaker-listener model , in which the listener is able to use past
and present information in the speech signal to anticipate the occurrence of stressed ele-
ments in real time. The perception of stress, or accent , then , depends on the interactions
of temporal and other acoustic variables within the sentence. The acoustic -orr i ’ lat i ’s  of
stress are related to the rhy thmic  organization and intern al r elation ships in the entire un i t
and need not occur “on ” the actual segment that is stressod,

In summary , f requency seems the most reliable sing le concommitant of str ess in Eng-

lish. The relative timin g of a syllable in a sentence depends on the surrounding stresses
as well as on the stress of th i’ syllable itself. Intensity is also related to stress , hut  is a
less reliable cue. On the segmental (or phon eme)  level , vowel quality is an i m p o r t a n t  ( ‘ti C
to stress. Vowel reduction frequently occurs in unstressed sy l lab les :  for examp le the ac ’

-~~
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sound in add moves toward the neutral vowel schwa a ii the uastr i ’sse(I first sy llable of
the  word add it ion. Stress depetids on the interaction of segmental ( ui ’s ( information
about a single Ph on eme)  and suprasegmental cues ( in format ion  over more than a single
phoneme) .

Introducing Stress in Synthetic Speech

In designing a text-to-p honetic translation and synthesis system , two kinds of choices
need to he made in adding stress to the synthetic speech : which acoustic variables should
he used to produce perceived stress and how stress levels should be assigned to different
phonetic segments.

\Vh ich acoustic variations to make is considered in designing synthesizers as well as in
wri t ing programs for their use [ 20-22 1. For example , the Votrax VS 6,0 , which was used
in the experiments reported here , has four choices of “inflection level .” These affect both
pitch and , to a lesser exten t , intensity. Vowel duration can he assigned independentl y.
The instructions suggest assigning lower inflection levels and shorter vowels to unstressed
syllables. The implication seems to be that perd ’eived stress is easily realized in the synth e-
.i7ed ou tput  once the stress levels are selected. The preceding discussion of the acoustic
correlates of stress indicates that for entire sentences it is not that simple. Whereas none
of the acoustic correlates of stress (pitch , intensity, duration) is necessarily present , in the
absence of’ confl ict in g acoustic cues each can induce perceived stress on a given syllable in
isolated word s [8 9 ] .  The perception of stress in whole sentences is more comp lex and
less consistent [5 ,61. On the whole , however , a change in pitch seems to be the best can-
didate for causing stress to be perceived on a particular syllable , and increased duration is
also correlated with stress. Temporal relationshi ps are affected by the overall rhythmic
structure of the senten(’e as well [2 1.  Based on the evidence so far , a reasonably promis-
ing approach for inducing perceived stress may he to give rising pitch to the segments se-
lected to receive stress and then to adjust timing to create a reasonably natural temporal
pattern that will agree with and supplement the percept suggested by the pitch contour,
( ‘fh is is an oversimp lification of the intonation in a sentence or phrase [5 ,21,23]. The
falling pitch at the end of a sentence and rising pitch at the end of a question can be im-
plemented fairly easily. Other consistencies in intonation for which consistent rules can be
found should also be considered.)

‘l’he solution to the problem of where to locate stresses will depend to a large extent
on the amount  of information available in the text-to-phonetic program. Where lexical in-
formation is available , much can he done with word-level stress. In the absence of such
informat ion . is it possible to achieve str( ’ss consistent enough with the sounds of English
t o  hi ’ an im i  ovement over a machine- l ike  monotone?

EXPERIMENTS

Stress Version Selected for Testing

Six diffe rent stress patterns were tested , with the goal of f inding a relatively simp le set
of stress rules that  would work well with a text-to-phonetic program of limited size.

_ _ _ _ _  
-
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1. M ( )\ ( i l (  )N E . For comparison with the versions which did have s~ r i’ss va r ia t ions .
t h i s  i i i i s t r i ’ssi ’d ~4 ’r s ion used the same inflection level (level 2 on the Votrax for all
P honi ’nl( ’s. and vowel durations were not adjusted . Any attempt at adding stress that can-
not l i t ’  shown to y i e ld  a better sound or better comprehension than this is probably not
wor th  l i e  ex t i ’ ni t ’\~u ’flse .

2 A L I’E R N .\ T I N ( ;  STRESS and 3. RANDOM SI ’  RESS . The ~‘erv noticeable mono-
tone ~v lwii  there are no stress variations has led some people to suggest that almost any
variation in stress, even if not always correct , would be an improvement. It is possible,
however , that incorrect stresses could cause the listener to incorrectly interpret the syntax

J or the meaning of certain words, thereby making the speech harder to understand. Two
very simple rules were used to test the possibility that any stress at all m igh t be bette r
than none: ( a )  stressing every other syllable in the sentence and (h )  assigning stress at
random to syllables in the sentence. (For the definition of a syllable in this context , see
Appendix A. ) Alternating stresses would be more predictable , but the sing-song sound
might be annoying and not much better than a monotone. Random stress would avoid
this problem. These rules used two inflection levels , stressed (level 3 on the Votrax ) and
unstressed (level 2 ) .  increasing the contrast between stress levels by using more levels or
levels further apar t would be likely to emp hasize the often incorrect stresses assigned by
these simple rules. Timing rules were not included because further enhancing wrongly
stressed syllables might be misleading to the listener and because the main reason for test-
ing these rules was the i r  simplicity.

I N  R L ALGOR 11 I IM .  As a contrast to the very simp le rules , which often assign
wrong stresses and may not sound very good , a set of rules was developed that takes
advantage of st a t i s t ica l  regularities in spelling to reduce the number of errors , These
rules use some of the characteristics of English to determine stress assignment , but can
still he used with a text-to-phonetic program without semantic or syntactic information.
Function words such as “a ” and “the ,” and certain endings such as “-ly ” and “-ing, ” —

wi re alway unstressed. In some cases, other syllables were stressed or unstressed , de-
pending on regularities embodied in the particular rules used in the N R L  spelling-to-
phonetic program [ 1) .  (See Appendix .\ .)  Aside from these restrictions , stress was
assigned to  al ternating syllables. Because there is some tendency in English for stresses
to alternate , the exi.’e ç it io n s served a “self-correcting” function , keeping this tendency
aimed at the right syllables. These rules were combined with timing rules to give sen-
tem’e at t e r r i s closer to natura l pattern s than either RANL ) OM or A L I l ~ ~ N A T I N  G stress
could produce . Stressed vowels were assigned slightly longer durations than unstressed
vowe ls , and the t iming rules shortened vowels when there were several adjacent unstressed
vowek and lengthened ct ri ’ssed vowels immediately before other stresses (tendency
toward is~ o hronou s st ress ) .  In addition , the last syllable in the sentence was lengthened .
Finall y, a fal ling in tonat ion  preceded a period and a rising intonation preceded a question
mark 23 . Except  for th e  final  fall ing or rising intonation (in flection level I or 4 on the
\ ot  m i x  ) . two inflection levels wore used to indicat e stress level (level 3 for stressed and
lev i ’l 2 for un s tr i ’ss i ’d  ). This was done to maintain comparability with the other versions
afl(l to avoid fu r the r  enhancing any errors in stress.

~~~. (- : \ ; l . l S I  \Vl ’F l l ( )  I ’ l l’ I M I N G  and 6. E N G L I S H  WIT H ‘rl~ l l N c ; , Two versions that
r ( i i  iri ’d han d -p I ; i i ’ ’d  stress (i.e.. the rules t i  > dlct. ’rmine stress could not be stated easil y as
a -o m~ ii i ’ ‘r alg orit h m won ’ te st  i’d . . \cc ’) i t a l ) l i ’  st ri ‘55 was as~ IL’ni ‘d in agreement with cor-
re(’ t f’ . i ig l i s l i  I ir on unl ’ia t ion .  ( For a given printed sent ’iici ’ . more than one way to  assign
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stress may be correct.) This may be considered to be the ideal , given the best possible
algorithm and all the necessary semantic and syntactic info rmation. This extreme case *

ari d the other extreme , the monotone version , can be used to judge the success or failure
of the stress rules .

‘l’o help evaluate the importance of the timing mules ( which should give a somewhat
more human rhythm to the sentence) two “good” versions were te sted - ou t ’  with t iming
rules and one without. ENGLIS H WITH ‘I ’l\l IN G included changes in syl l ab le  dura t ion
based on stress level and on the pattern of stresses within the sentence . The choices of
vowel duration were essentially similar to those described for the N R L  ALGORITHM
above, ENGLISH \V IT IIOI I M I N G  had exactly the same choice of inflection levels
based on stress assignment , but vowel durations were not varied in accordance with stress
and con tex t . To maintain comparability with the other versions , two levels of inf lect ion
were used (Votrax level 3 for stressed and level 2 for unstressed) , with levels 1 and - - 1 being
used only for the final falling inflection ending a sentence , or rising inflection ending a
question.

Two experiments were carried out to evaluate the six stress versions. The first assessed
listener pr eferen ces to determin e whether adding stress made the synthetic speech sound
better. The second was designed to find out if those versions that sounded better were
also easier to understand. While it is l ikely that the more natural sounding versions would
also be easier to understand , it is possib le that  some versions that did not sound pleasant
might  he quite comprehensible or that  a p leasing sound might  not lead to better cornpre .
hensi on.

Exper iment I—Listener Judgments

.\s a first s tep in comparing and evaluating the stress rules , listener judgments  were oh-
tam ed for the six versions of synthetic speech described in the preceding section \ I ONO -
TONE . A L ’F E R N A ’r lN ( ; , R - \ N D O M . NRL .- \L GOR I T I I M , ENGLISH W i l l )  T I M ING , and
EN G L I S H  IVITLI OU T T I M I N G ) .  .\ system that sounds better is more l ikely to he found
acceptable h~’ potential users. If  speech sounds good , it is also l i k e l y  that it will be longer
before fatigue and boredom become a problem in listening.

-
‘ 

l Ie  i l u  id I w e l v e ’  se ’nt en cc ’s , s i ’l i ’ct ed primaril y from ni ws~t apt rs and magazines , were
translated to phonetic symbols using the N R I ,  text-to-phonetic program . The sentenc es
are listed in .-\ppendix B. Obvious mispronunci at  ions were corrected so that any defi-

- In n - h ’s in the  translatio n program would not influence the judgments of the six versions ,
( ‘h angi ’s  ~ve ’ne mad ’ as necessary in inflection level ( th i s  varies pitch and intensi ty ) ,  and in
vowel durat ion ft r the appropriat e phonemes in the phoneme s t r ing  to ci’ealc ’ six version s
of each sentence ( M ON O T O N E .  .\ I ; i ’E H N \ T I N G . R , - \ N l ) O M . N R L  .- \ L G 0 RmI M .
h N G l , l S h l  Wl ’l ’ll ‘ l I M I N G , and E N ( 1 I . l S I I  ~V l ’ I I I O L l  l ’I \ l I N G ,  ,-~ I l s ix v er s ions  con si sted
of the same’ sequence of phonemes , and only the choice ’ of inf lect ion level and vowel
duration d iffer ed among versions. E\(  ; 1,1511 WI ’l ’II ‘Ii \b I \G and EN G L I S H  Wl’I ’l lOt “I ’
‘Ft \l I NG we’re exac t ly  alike except  for certain vow e l clur id ions. The r esulting 72 sent I n t l ’ s
were sv i i t  hesized . us ing  the ~- ‘o t r ax  \ S  ~; .O. and were ’ recorded on tape.

Each of 17 volunt e ers  listened 1( 1 the different  versions in random order and ,)u( lged the
‘ ge odness of each. \ se’ven~pe un t  scale was ii sc ’d . and the ’  anchor points \v en e ’ labeled

4 ; 
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simply ‘ ‘ ( ro o d ’ ’ and “Bad. ’’ Since the l i s t e n e rs heard each of the 12 sen tenc e ’s  six I i ine ’s .
t h e y  were g iven  t p e ’w r i t t e n  cop ie s of the sentences to min imize  any tendency to jud ge
later repetitions whi ch o t h e r w i s e ’  might In ’  better  understood ) as sounding O t  ic r

Re.snl ts—The listeners varied in their  use of the seven-point sca le ’ . Some use(i mainl y
the lower end of the scale , some used the entire scal e, and some avoide ’d the ex t  re in -:
and used only the middle of the scale. .\ ranked order of the six vers ions  was mad e for
e ach listener ’s judgments , in order to obtain scores that  could be compared across listen-

— ers. That is . the ratings for all twe ’lve sentences he ’ard b~’ the listener for a given version
were used to compute a mean goodness SI -or for tha t  version for that listener. The siX

means (one for each ve ’rsion ) for e ach individual  listener were then ranked from highest
to lowest and a ssigned ranks from one to six. The ranks for the d i f fe ren t  versions we ’re
remarkably c o n s i s t en t  across listeners and fell in thr e e groups: (a )  ENGLI SH WITH
TIMIN ( ;  was significantly better than all of the oth ers: ( h )  E N G I ~lSI I \VI T II Ot ’T T I M I N G
and the N R E ,  \ L G O R I T J I M  did not d i f f er  s igni f icant ly  from one another . hut were
judged significantly e t t l ’r  than the remaining three versions; and I c )  R .\N D OM S F
ALTERN .\ ’I ’IN G STRi-~SS and the MONOTONE did not dif fer  significantly from one
another.  I l i e ’  \Vi lcoxon matched-pairs  si gne d ranks  te ’st 2 I i  was used for the s t a t i s t i c  -a )
comparisOnS. * l’he mean rank for cact i . version was as follows .

4 \ cr sboii .l!ean Roof ’

I~1\ ( ;LlSf  I \V TT 1I l ’lMlN ( ;  1.35

ENGLISH WIT HOI “I T I MI NG 2.88
N R L ALGORIT h M 2 9 4

t~ \N r ) o \ l  -1.53
. \LTEHN -\ ’J ’lN( ; -i t~5
\1ONO ’ l ’ONh ’ 4.65

Coiie/ usions — ’lhe ’  i wi I v ers ie Ins w i t h  ve ry simp le ’ rule s . .-\ I J’EI l  N I N  ( ; and R .\ N I  )O\ l
were no b i t e r  titan ~e I ( ) N (  ) I O N  Both p laced stress on a number of syllables or we rds
that would not  ordinar i ly  he stressed in Eng l ish .  Se ’ve ’ra l listeners reported that  t h i s  was

‘dis t  i ’at’ t ing e ir “soi.inded wron g ’’ It  ;v o l d  se em that adding se cmi ’ stress va r i a t ion  doe ’ -

not make’ the spe e ch sound better t h a n  a m o n o t o n e ’  if s t re ss occurs too I e f t e ’ n  in the
wrong p l aces . It is ossih le that the str e ’s~ v ar i a t  ii ni s  improved the  sound of (he sç c c c l i
hu t  that th i .5 effe ct was canceled by the -’ ne ’gat iv e ’  ‘i f ‘ of I I l l  l i r e ’  - t stresses .

l h e  a l g o r i t h m i c  ve ’r sion inc luded both l~e u r b s t  cc - ’ fo r  ~t r . ’~~nic wron g  sv l I a l le ’ s lc ’~ s of t en
;init  some simple in i i nu  rules.  This apparent ly  made tO ~ ‘r s i I  ‘n sound l e t t e r than all hu t
the ’  t w o  vers ions  w i t h  han d— p !aced 51 n ’ss I l i e ’  \ ‘ l - . I l  e b b  w i t h  i b , i l i e t l I l a l ’e’d . I l i re - i  ~b r , ’~ s - s in— *

dicated 1w pitch and i n t e n s i t y  but w i th ot i t  t i m i ibcz  EN ( ; 1 . 1 ~ l I ‘~\ I l l  (( It  I I 1)4 1N G ( was no 
, 

-

l e t t e r  than t h e ’  a l go r i thm that  used t iming  but  as5igo ’e l s e c i O c  inc i r e -I ~lr e ’sse ’s  I h i s  (‘act .
t o g e t h e r w i t h  the fact that  the versi on wi th  h a n d . i I . i - d  ~t i ’  ~ wi t h h i b l n ~ Wa~ l e t t e r  t han
e i t h e r of t h e se’ , sugge st s  that  the ’ t i n h r e i g  of th e ’  sv l l a i e le ’~ is ~I 1 b  - i r l a i l t  t e e  the soon ) of t h ’

‘Ot - I b e , ’ ,e t v b e t e c e ’ s  for ~ < I i 0  w ere’ us e d ci  i l l  b _ I  ef  ~b~ l h  I - I l ,  c i  ,~ ‘ i i I I  I l , e I I e ’ e ’ e i i e i  ( ‘ e i i  i c c ’  , e s c I i c e c - e t  in e l i
c i s c ’ s WI ) ‘ I I ’  - ,t a b  s i I . i l  se~~I ) I I i t ’I I I e ( ”  l~ i i te i i b

- I 

-
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synthet ic  speech. ‘I ’iming rules should l ) r OI-ab ly  1)1’ incl i id e ’o ire a st re ss algorithm for
synthesis using a text- to-phonet ic  icrnti~arn .

It  is encouraging th at  a relatively s imp l e ’  set of st i ’c ’ ss ru l e ’ s , wi th  no s n t : e c  I I -  or se’ io:en -
t I c  i n fo rmat ion , produced synthetic st c e e- i ’h  t ha t  sounded I e e - t  t c ’ r  than a mon otone ’ , The ’
ve rsion wi th  hand-place d inflect ion and t iming so il n de ’e I e -~~c - i ~ better. Th e - re ’  IS no agil e ‘d.
upon s e t  of rule s tha t  correct lv spec i f ic ’s  stre ss placement and s IlahIe t iming in Eng l i sh
sente nce ’s , so t h a t  ( ‘y i n if the program inc luded ) t I n -  proper s v u i t :u - t i c  inf orm ation I and per-
Icaps also se n c : e b b t  cc i n f o r m a t i o n )  it is not ce r t a in  tha t  a completely I -er o s-  t stre ss algorithm
could he wri t ten . S imp le ’ s t r e ss ru l e ’s  can i mp r o v e ’  the ’ sound of t~. s p e e c h , but  better
ru le s could i i np i ’ ove ’ it still m ore .

Experiment lI—Comprehension Test

‘l ice results of the l i s ten ing  te st sugg e st i l b a ~ r e ’ l a t b v e ’ l \  s imp le stress r te! e s can be add’-’d
to a t e ’ x t _ t o - s i c e ’ e . c h  s y i c  I l l e ’ s i s  program to make it sound better , This should make the

- 1 ~ e e ’ e ’ch u n  , re ’  1 d c  ‘asant t e >  l isten to and may reduce ’ fat i~~ie and boredom, On the other
hand , listening judgmen ts  c - an  not be ’ used to indicate  wh ethe ’r  the  sp e c - l i  is more ’ inte ll i -
gib le . N  ~etnr aln ess  and i n t e l l i g i b i l i t y  do not a lways  go toge ’ther . and in some ’ c ase ’s , it
s ( ’ i o s  th a t  one is attained at the e x t  e r - u se of t h e  other 2[e

i’he n e ’xt ( ‘x pe ’r i n i .e ’ ici  ir as de s i g n e d  to r ’( n i l  care comprehension for the s ix  ver s i o ns  In-
telligibi lity is of ten used to re’fei’ t i e the’ de ’ntit’ic~i t i o i u  cf words or c l u t ras t ing leh on e ’nc e ’s
whe ’n single words are heard in i s o l a t i e n i .  (‘ onip i-ehension wil l  he used I t i e ’  to refer to
the de gree In whic h longer passage ’s se ’ i1 t e ’u ~~- e- s r e r  paragrap hs can be understood.  I t  is
more ’ d i f f i c u l t  to obtain a r e ’l ia hl e ’ u l l e : e s u r e ’ of c - c nil ci. ’ lui- n sueoi, hut it may he a more mean-
in gfu l  ine ’ :I ~oe’e ’ of th e ’ p erf orm ai ic’ e  of a S) s I  c i i i  in ac tual d i s c ’ . ‘J ’he Diagnostic R eadin g
S e - a le s , -’ a re ’ad ing comprehension I e ’s t designed ib cr gr ad e ’ school children , was sele ’cte ’d h e -
c aus e ’  it ~\ as an already “x s t i n g  t e s t  w i t h  s t a t i c  l~e r i i i , e ’d  q l i e ’ s t i e i n s  and answers. I t  was de-
sig n e e  t t e e  t e s t  e ’oricpr eli e ’n sj on , although in t h i 5  e - : is e ‘ t h e’ norms regarding the ’ grade-  le ve l of
lee - lb  i i ’~ e ’ t i i e ’ t e t  we - re ’  not relevant, in the light of the f ina l  outcome , it  a l ) l i e ’ : irs  t h a t  a
si r~ei g h i t  fo rward  s e i i ipr elc en sion t e s t  may i)e too s e ’ns i t i ve ’ I e i nd iv idua l  c l i i  l i re ’ t i l e ’ s in abil-
iv t e e  he u~ e ’f u l  f or comparing smal l  d i f f e rences in ( t u ~e h i I v

l J e j f ~~ 4 F l i t ’  su l ge ’e ’ t s , I 1~ e under graduates at t he  I ‘ ic ive ’r s i l  y of Mai~’l ~in d w I > , v d a t

-* 
l eered I c ,  par t ic ipate for e x t r a c r e d it  in psye l o c t e g~- c e cu r se ’ s . heard ei g h t  ta~e’’re ’e ’ e i’de’i1 pu ra—
griip lis I t w o  ra i l ic -c ’  paragraphs and six t e st  paragra~eb s fro m t h e ’  I ) i a g n e e s t  u c
Scale ’s A fter  h e a r i n g  e’ach paragraph , the s u h J e ’ e - i  s wrote ’ answe’rs to a st,,iicl ~irel set of
q u e s t i o n s . .-\ lepe ’ m l i x  ( ‘  gives one of the para~~apbs t e s e-el in the  t e ’s t . ‘l i i i ’  sc e h i i e e ’t s  We ’re

e ’ s t  c c l  in gre t i p s  v iu ’ \ ’in g in size from one to ten ,~~ \ll e ight ~earagraphs he’ard by any r ice’
g r c c u i 1 c  we ’re ’  made us ing the same st r e ss ve i’s i c c n . ‘l ’he ’ s ix v ’ - r s i ’ c u c -  of e ’~e i - h i  ~iara gc’a~e hi we ’ re ’
‘ \ u u t  l c e ’ ~~u~~e -d and rec orded in the same iva~’ :es the material s iii t ’;xp e ’r i ment  I . In addit i on ,
a se ve n th  ve rs ion was recorded with a human male’ r e ’~e c l i u c g  t I u c -  same’ eig h t paragraphs.
A f t e r  t h e ’  l: e s t  t e s t , the su h~ ’i ’t .s we ’r e  asked to w r i t e ’  any ci e i i e n c e ’ c i t  s t he y  had about the
s(eu nd of th e’ speech on t l ie ’  back of the ’  booklet ,

.\d.,~e b e e l  c c ci i  th e ’  t ) e ; e ~’ e i c e s i ic  R c - ; e i t i i c ~ ,S c511 - s  e t e ’t  s e -e l  by e : 1 - e r i e -  i i  S0 ,, -11 , l e e r  i s , -  by i t i e ’  N , e v e I  R e - s e c r e t >‘ f , . e h e , r , , t e e r ~ - \t c s ) b l i U b e e ec I )  I - w i i t c  l i e -  p e ’r m c s s , e c i ,  ce f t he ’  pieb ti s he ’e ’ e ’F l t  \l e ’e r , e w  l u l l , I )e’ l M e e i O i -  Re—
— i ’ . e r e ’ I e  F’ c r k  . 11 c c ’  ~~ . I d e l  t e ; i  l~ e c >  ( ‘ c ’ t c ~

- r , i h l  l ’ e e .i 1 1 : 2  t e ~ “1, t i l l  t i l l  f l e e ’

S
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!~ e ’suilt~~
- l b  total nun clic-r of c o  c c ’ , ’ > - ; e n s r v c ’i’ s t i c  the ( h i i e ’ s t i o d i s  lea .’ r ’d on I h e ’  six t e s t

>i r > - ~r .c~ b i s  \\ ~~ s c e > r e ’ e l  c c i  con ic subj e c t .  [ l i i ’  u i i e ’ a i l  s c c c i e ’ s  and ~ , n u i e i i r - c s  i c c i  the’ se ’ V e ’ i I

a l ec ’ s  e e c ’  l i ~ u c  be c ’l e iw . I lu m a n  s l e , ’e ’e -h lb is not  c u t  u c c ’ I e I ) l v  n i l  r e ’ I I I I )  ic ‘ l i t  - u i s i  I > l t  - than  th e
svn th c ’t i c  v, ’r~e i b i s . ‘ITo ’ d i f l ’e ’r en e cs bet~ ‘en me ans we re ’ rel~c t c ~ c lv  smal l , and th e ’ ~-ari-

ance ”  of s u b j e c t s  ic t h i n  g r e e i c ~is \ \ e ’ i r ’ l u g -  ‘I’hiat i s. individual dcl le ’ r c nc ’ ,’ s in l c e ’ r t c d r i c l b i e n ’
on t he ’  conl l ) re l i ’ u b s c  en ic ’ s t  we’re ’ Si c  a c g c ’  as to i doc i u r i ’  any smaller ( Ii  f t e ’ t ’ e ’ i ~~ ’e’s in ta l e ’
V erse ,  >I IS

- , , ~!e ’QIi ( ‘ o t i i J > > ’ I ’ / b c ’ b u - s c c e i  -
u/ Ic ’ 1 e ’ > . s u d ) fl , % C I t ’ i U i i ( ’ e

\1( N I )  l (  ) \ ~~~ 4 K 2
\ L l  h’~R N , - \ F E  : -;s .~ 17.5

R AN l i i  yc,I P e R  52~~
, \ l , G (  )h  l ’ I ’ l l M  P 1 6  32,1
E N G L I S h  \\ l T l l ( ) E  ‘ I F  l \ l l\ G  1 16  26 .1
I N  ( ; L l S l l  \\ l l ’ l I  ‘ l I M I N G  -1 2 () ~~~
l l t \ L\N  S I ’ E E ( ’ I I  10, -I 4 2 4

I h e ’  ni~ex inct n c1 p i c ss i h i l e ’  -, - e b c c ’ is  ~‘i2. A n  analy sis  of vai’iance showed no sI e t u s t c - a I lv
s u g r i i i r : e n t  i h i f t ’e ’ r r ’ u i r r ’ s in c ’ompre ’h , ’nsion se’cc r c -s for lice se Ve n VI’ i ’ S in Os , l t 6 ,1 t~ I o~ .

ftc’ I r a t e  c ’  I a r : i g i a~ ( l b s  l Ie n ’  c b i ’u g u i u a h l v  intended to make  It  eas ier foi’ the li ste n e rs to

‘is ii I i d  I b i c ’  -1 1) 1  l i i i Ic’ spe ’, ‘c ’h ,  WIa ’n i t  appeared tha t  I t i c ’  l i s t  b ar agra ~ u s we’re ’ c > ’rI i a t > ~

t l co  i I I i I l I ~ is t  i b I d  iNc . the ’ I lr~ie ’ti ce ’ paragraph s lb c - r e -  sc> ti e d its well.

, \n analy s is  of ’ the’ ‘ceci l ’s  e e l ’  the t w c i  l u i o i c t n  t c c e i - ~eg r ; e l c l u s  y i e lded the i’e ’ s i i l i s  s l i r c w n  in
- C l”i g. 1. .\n  ccc ~c l v ~ is of va r u ~ ni - c ’ shecw ed ove ’r all s t a t i s t i c - al s ign i f i canc e - . I I  6. 1 - I - f l  — 5 K-i .

i i i ’ N e wman Reals  tes t 261 was used tc e lest  d i f ferences  bee t  w e ’ c ’ c u  pairs of nc ‘an s .  the ’  re-

~u l t ~ ar e ’  s l i c e wn iii  ‘F abl e ’ 1 , I luncan s t b e ’ e . c b u  \ \ a ~ understood he ’t ter  than  the Mt  ) N d )  I ( )N I - . ,

N R L  A I A R  e R l I ’ I l \ l . \ 1 ;F V R \ . \  I L , and h t \ \ l ) O \ l  E N G L i S h  Wl ’l ’llOt’ ’l ’ T I M I N (  and —

L E S t  I W i l l  I ‘l IMING bv e ’rI ’ both b et ter  than the \ l (  )N (  ) l (  )N L , .-\ L I  ER N A I L , and
l L \ N l ) (  \I  l i i -  N IH ~ \ l , G O R I ’ l ’I I \ l  was h e ’t te ’r  than ,\LI b - I R N , - \ F L  and R. \ ~~DOM . - ‘

(‘omnn’nl made h~ l u s t e’n i -r ~ ire’ suncniarcze’d in l ah l e ’  2 . I I i e ’ s e ’  comment-s we ’r e ’ made ’
ic c’c’s }cc insi’ to a request fcci’ g c ’ b u l ’ i ’ a I  c r e m m e - b i t s  ra ther  than its a i c swi ’rs  t o  particular que ’s—
t i c e i e s . Mcc v i t i -  med i c ’ l i k e l y  t i c  ref lect what  ;i liai’lIc ’ular lu ~ t i ’cu c i thought c~~i i s  iniporta ict or

s t r i k i n g  e l ’  cu t  the ’  sleeech than what  th e ’ same ’ c e ’ r s ’i ~ u m igh t  cave ’ s ie i i l  if asked a s 1 c e ’ i i f i e -

l l U c ’ s t i e c i e .  ‘ l l i e ’  i ’omrnc ’nt s  may  l i e ’  m c >s t  useful ic~ ’ b ’ c e o s t r u u c - t u n g  a que st i c e i c u c a n ’ e ’ for future
l c ’ si~~. ( ‘om !c ~c i i s c c n s  I i i ’ )  we’en the  c l i f fe c - e ’nt tape v e ’ r s u b e d u s  sh i ot i l d  he’ made ’ wi th  extr e ’m e ’  r ’ :n i—
l i o n ,  I t  c - an I c ’  s I ’ c i b , I i c c v , c ’ve ’i’ . t h a t  c ’ ce n i e n e ’n t s  about t h e  s y e c t l u e ’ s u i i c l  ve ’i’siri n s w e ’  ve ’i’ \ dif —
l’ec ’c ’ i c t  fi’ ce ni t l u e i ~e made ’ i b e c u c t  t h e  human  s l >r ’ e ’ , ’ h .  I t  is a lsec i n l e ’r e stnc g  to note the nt im-
her c c f  ‘ ‘ t e c c c  f a s t ” c’e ’ s b l c e n s c . s  , \ c ’  ominon complaint  (if pc ’u ep l e ’  ~v I i c >  are unfamil iar  w i t b u  a
l~nigu ecge ’ i s h i d  c i t  l v i ’  ‘c l d c ’ c l s c ’r s  of t h e  l anguage  ta lk  too f a st .  When gi’e ’ate ’r  effort  is n e ’r ’
e e ’ s s ; c  i’v f e r  ‘ 1 1 1 , 1 ’  - i ’ st  c c c l  n ig  s t ce ’ e ’ ch i , I le t  -re ~c ” - c us to be a t e e c e l d ’ c c c y to  t h i n k  the  speec h is
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MONO Ai .l RA\ ALG EW/OT E*T e-c UM55
— I RULE USED

~‘i~ 1 - - \ t e - s n  s ’ c c r e ’ s for pr e i ’ i b - c ’  t e s t s  ~~j t U g h c ’ st nos,sehle ’ s r i ~rt ’ Is I i~

j going too fast ,  In contrast to the comments  given , the N R I, ALGO RIT HM and L N (  1 1511
W IT1 I TI Ml  N ( ; we ’re ’ a c t u a l ly  sl ightly t’astc’r than t lie other Ve ’rsii  uc s due Le t h e  sh i o r t c ’n i i c g
( if  many unstressed vowels , ,-\nco ng tl’ie synthet ic  v e ’ r sue>uIs , there 5, 1 111 to  he more differ-
‘nrc ’s am e i n g  ta;ces in comments on the ’ i 1 c u ; e l i t v  c i  the  spe ech l i — l i t  t h e n  on i t s  d i f f i c u l t y

( 1  2 - 1 S t ,  ‘I ’Icis r c ’ f l c ’ c - i  t h e ’ re s u l t s  of Ex p eri m e ’ict  I (significant difference’s in q u a l i t y  I and
Lx pe ’r im ent II  I nons ignif icant  d i f f e ’r e icce ’s in comprehension).

f li si c c s s co n  aci if (‘ c , uc fu , s i o ns -- l l u c i i cn l i s t e ’ c i c ’ c  s are h igh l y ed a h e t a l u l e ’  Pr 5”°r ’ r e f  speech - 
-
.

sou nds end c l i ’  r e e ~oi u i h i l \ ’  we ’ll at u iicl e -r s l c ucrl u cg eve n badly d i s t o r t e d  st e ’ e ’ r - b i  , \ f scc , Ian-
4 gu a g e ’  is h ighl y  redundant , so that it  is o f t en  cc c s s i l d l c  ‘ I c c  fill in t cart s that have been missed .

Fe e s e ’ c h o n  the surrounding coi ite ’x t - It would s e e m  that the brief prac tm( ’ was enoug lc I 0
enable most peop l c ’ to follow even the poorly r e t  c c l  ve rsions of s y n t h e t i c -  speech. The
fact that there’ we ’re ins igni f icant  d iffe ’r e ’n c es in comprehension he ’twc ’r ’ i i  s v i i t b i e ’ t  i i - and —

human  s l c c ’e ’ i - l i  when the Iiste ’ner s w c ’ r c ’  l c r R t i > e’d is encouraging for f u t u r e  us e ’r s of synt iw-
• tic -  s 1cc ’ee I c Ainsworth [27 1 also reports high i n t e ’ l l i g ih i h i t  sce cr e ’s for s y n t h e t i c  speech

wit  Ii practiced listeners. This agre e’s with the ’ c x  pi ’ri e ’n c e ’ d) f people ’ cch ic  c l i s e  svnt lu ’site ’rs
regularl y and feel that  with l ’ r a e ’ t i e - i ’  s t i t l i e ’ t i c ’  -s ~ I e 5  6 h e ’c ’c ,m e ’ s  quite ’  i i t i r h i ’ r s h c u c e h e l c l c ’ . I h i s
result in t h e  present case is based on null  f indings and sl co t i ld be v ie ’we ’d with ( O i i i t  i e > i c  - I t
may depend on the particul ar test circumstances.  ‘rice materials We ’i ’ t ’  re’lativelv ,‘ tsv - t h e

average read ing level for t u e  paragr ap ics IV IS e’arhv fourth grade’. I ’hi c’ r e ’ we’re’ re I d  ive’lv fe’w

distractions in a r e’acer e i i e h e ly  quiet room , and the ’ I tenets had no ci t  h c e ’ r  I ask than to l is t  e l i
to the ~l e e ’ c ’ c ’h knowing I hat  the ’~’ w e ’re going to he’ que’stione’d on the c c  c u t  t i l t  of th e para-
graphs. It is possible t h at if c o n d i l  ic c i c s  we’re changed ( for example , more ’ e l i s t  rac - t ions  or a
more exacting list ening task ) there w i c u i l c l  be great e ’r differences in performance.

10
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l’hc fact tha t  ther e ’ were differences on the practice t e ’st s indicates that inexperienced

listeners , at least , have less trouble understandin g synthet ic  s1ie ’e ’ch the more it resemble’s

natural speech patterns. The t I l e )  versions with  many incorr( ’ct stresses were harder to

- - t inderst and than the algorithm or the t w e  versions wi th  hand-placed strc ’sc . each of which

had more correct stre sses \Vhere ’as the algorithm was not significantly better than the n’io no-

tone , both ) ve ’ rs i r ’ ns  with hand-plac ed stress we’re’ This sugge’sts that adding stress t e c  svnth c e-

t ic’  speech can improve comprehension if t h u e ’  s t re ss patte ’rn is not too diff e rent from nat -

oral speec h . On the oth er h and , the two ve rs ion s w i t l c  lcand-placecl stress did not d 1ffc’r

s ignif icant l y fror i c the  a lgor i thm,  which  su~ige ’ sts that  the algor ithmic ve ’rsi on was not much

lcard e ’r to ttnder stand than the ve ’r s ion s w i t h  optimal stress Fel cce ’me ’nt , If  consistencies in

t h e’ sp e ’l l l i c g- tn 4 e lcone ’t i ( ’  rules can be found whic h would fur ther  re’duce the number of

wrong str e ’sse ’s . an algoi ’ithm for adding stre ss to s y n t h e t i c  Spe(’ch using simple rules simi-

lar to those re’ported here ’ may l)e promising when lexical and syntactic informat ion us not

available’ .

l ice ’ conip i’ehe ’ns iten te st bu sed Il l5 pr ohne hc ly  t r e c  c s ens i t i ve ’  to in d i v i d u a l  d i f ferenc es  in

abi l i ty  or motivat ion I sc ’orc ’s i-~’nged from 21.5 to 49 . 5)  to reflect the ’ re ’lat ive ’ !y smaller

di f f e’rences in comprehension - -  \ d i l ’ferent m easure of comprehe’nsion is needed if small

diffe ’re ’nces are’ to be d e t e c t e d .

I I R ECOM MEN I) .-VI ’IONS FOR F URTHER COM PREHENSION TESTING

.\ bo~ t r omi cconl y use ’d i n t e l l i g i b i l i t y  I e ’st s m v ’  d ye’  the ’ ide ’n tific ation oi words or sentence ’s

~ I 
produced by the svste’m to be te st e ’d . tnt e’lhigibihity is usually i-neasurc’d as the perc(’ict of

‘ I  words i -cc ric e t l v  ich entifi e ’d . I In the’  e asi of s e ’ u c t e ’ u c c e’s , either all of the ’ words or only key

~v e c r i l s  nc ay be ’ (‘o u nt e ’d , )  I n t e ’l l i g i b i l i t y  ~ic the’ hire’Se’nc (’ of a masking noise may also be ’
te st c sl , In  t h e’ e ’xI ie ’rime ’nt re ’heorted here , paragraphs rather than se ’ i cte ’n e ’e ’s  we ’re ’ used , he-

c ause’ o c t  of the reasons for adding ( ‘ r c i r e ’ ( ’t stress is to make it easie r te )  listen to extended
jd ;essa g e ’s . \ l s ee . a longer passa ge ’ would he more l ik e ly  to reveal both good and had e f fe cts

of a particular s t re ss rule.

-: I he ’ f o l l o w i n g  c - e c n c m e ’ i c t  s summarize tlic’ advantages and disadvanta ge ’s of I he’ 1) iagno stic

R e a d i n g  S e - t I e ’ s  as a I cod of ( ‘ompr e’lcension

• I I c e ’  i c - c -  of longer  t i c - s ege ’s niore clo se ’lv reflects use ’s to ~ - h i ich  the svste’m migh t

Ci ’! m c l i v  h~’ l i n t  -

• ( I ~~ t i c e ’  f c c - c ’  , e f  i t ,  the ’ t e s t  ~e ’ i ’ u cc s i c e  me asure the ’  l i i i  u c r e ’  of the ’ spc’c’cll t h a t  is of

u l u t i - ic s! - nanc e ’ly i - e i n i p r e ’ b c c ’ t c s i e  e u .  

‘

• I • \‘; eru e l c i l i t \  i n c e c e c g  I i - .t e ’ t c e ’ i s ~~ c ” se e  gre et as I c e  mask p eis s i l i l e ’  ch iffe’r i’ i i t ’e’ s  In ~P e ’e ’c h

V e ’ u ’s i c  c d i

• I h i e ’  t e s t  Il ls probably not  s e ’ u i s i t  b e ’  enough to d i f f e ’ i ’ e ic e’ s in th e ’ diffi culty of und er-

s t e t i e h i l i g  l i c e ’  paragrah)Ics an (h t oi t  s e ’ u i s i t  i c e ’  to  other f~n - t ee r s  scu li as g e ’ i c ~’i ’ el in te l l igence’  c i i

— menc ory.

l ’h emet i c ; i l l y h c a l u e n e ’ e  1 w c c r e l  l i s t s  anel  r hy me  t c ’ s t s  such is th e ’  I ) i e g i c ~cs t u c  Rh  f C c ’  l est

11 ) 11 1 Icy \V . I )  \ i e i e ’ r s  2K~ d i e ’  e e f l e u i  e ; se ’ rb  l i e u  e’ e o l c l l i e r i i ig  i c I t t  i c e - t v  small  c l i f f e ’r e ’ne’e s  In

14
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the intel l igi b i l i ty of speech sv i ct h c e ’ s i s  anti v ice ’ transmission sy s t e m s , ‘I ’h u e ’se’ are pr inc ar ily
tests of how well individual I ihon e’mes caic he distinguished . , - \ major adv entag i ’  of . t i i , ’h i

tests is that scores are consistent and highly reliable , so that re s u l t s  for clifferc ’nt s y s t e m s

can readil y be compared. 1”or the development of svnthce ’si z c ’r s and voice ’ tr ai csmission sys-
tems, cvhere the quality of the phonetic information transmitted is imp ortant . such t c ’ ~~t s

may be good pre ’dictors of how well longe ’r passages can I ce ’  understood , ‘l ’hie intel l igi b il i t y
of the Vol nix VS 6.0, which Ivues usc ’d for th e’ te sts described in th is re ’port , us 7-V P as
measured by the DRT. In sentence c’ e io t e ” i t s . actual in te l l ig ib i l i ty  is l ik e ’ lv  I c e  h e -  l c i g hie ’r ,

Words spoken in isolation ar, d i f fe ren t  from words in c ’ c c i l t i i l t t c  u s  s P e e c h .  \~ hc e’n s l c r c r t
exerpts I’rom continuous s l c e ’e’ r’ h l are’ presented to [ is t e ’u i e ’r s , only about 50’ ( i f  co m h dk ’t c ’
word s are unde ’rstood 29j  , and when word s spoken in isolation ar e ’ c ’oncat enate ’d. the r e -
sui t ing speech is not vc’rv inte l l igibl e ’  (25 1 . Superimposing the proper in tonat ion contour
on telephone numbers obtained b y sp licing together numbers spoken in i s e c l a t u c  fl ,  h i  c xv-
ever , is sufficie ’nt  for high qual i ty  syn th e sis ~301 and a similar lcroc’e ’ss may w e i r k  for Se ’ii-

tences (21] . It is probable that di f f e rent cues are important in und erstand ing ise e l a t e d
words , as distinguished from continuous speech. Complete p h o n e t i c  t n f o r m at i e m  is more ’

• important for isolated words, ~vhcereas interpretation of continuous s l c c ’ e ’ c h i  r e l i c ’ s  he ’ ivt l  on
prosodic information.

S i u i i - e ’  it is l i k e ly  that  a t e x t - t o - p honet ic  program will be used for c x t e ’ u c i c ’ r i  ~iiessa ges . i t

is important to asse ss comprehension for synthesized t e x t s  l c u t ~~e ’r than single’ word s . I t is
not necessarily true t l i et t h e ’  ec - u r u - v  to which phone ’me ’s or single ’ words can he identif ied
will he a good predictor of comprehension for longer piessage ’s . Phoneme ’ end word te ’ st s
will in an~’ c ase i i i ’  inappropriate for comparing stre ’ss algorithms for sentence-length mate-
rials.

In spite of t lc e higher relia b il i ty of word tests , e ( d i i i l ) i r i s c c u u  (i f stress rule ’s requires ii )~iIe ’-
ri al s of uil least sentence length. Because individual di f t ’ e ’re ’ic c e’s  accounted for so much — 

-

fl 
variance in the ’ comprehension experiment described in this report , it is ii r iport ant  to 1 , -

- 
- (lure’ this ~- ariii c ihi tv h ,  testing each person on all of the speech ~-ersions of iii te ’r c ’st - Sinc e’ —

text mate ’rials I se ’ i i t e i c c c ’s  or paragraphs) also vary in d i f f i cu l t y ,  each t ex t  should be t e s t  e d
• in all sp ee ’e ’lc \- e ’r sions. This means t h a t  th e e ’  ( ‘x fu ’r ime i lta l  materials must  l)e care ’fu lly

rount e ’rh alance ’el  n r c  c-s peop le ’ . Sue - l u  c e ) un I  orhaiancin g is e ’asi c ’r if the ’ test  coic ‘e i 5 t  i’ of a
large iuu i c ibe r  of s }uec r t  passa ge ’s rather than u few longer passages. It is r ecommend e’d that
sc ’ u c tc ’ n e ’c ’ s  rather than ~ear agr~e~ hs be t c ’st  ‘ri , e’ve’n though paragraphs ic c cv hue ’  ncore repre-
s, ‘n t e l  vt’ c c  u u se - s  for the s ste ’ic i  -

In th e compreh ension t e s t s  of the str e ss algorithms , it is pcc -siN~’ tha t  when the speech
• was more d i f f i c u l t  Ie ,  understand , people’ s impty  cot cc ’entrated h ca r el e ’r , In fae t . sc ’ve ’r al

people mentioned tlce ’ strain of having to c one’c ’uc t ra t  e ’ in orde’r to  understand, It is alepar’
t n t  from lice ’  l~’sts so far that  the s~- i c t  i c i ’ suze e h s l e e ’e ’ c l e c- etc he uicelc’rstood - I t  is also ~cr o’c-
ab le ’ on the b asis of performance on t ice’ p r a u -(  R e ’  t e s t s  t h a t  se c i i u c  - I c ’ i ’ Sid  c i l s  ii c i t  mor e ’ dif-
f icult  l e e  u i id e ’r s t  in ( l t lcan c , lh ie ’r s .

I c e  measure’ d i f f e rences  in ( ‘u ) m h i r e ’h i e ’n s i h ) i l i t v ,  one’ could make the de - icc a i c d s  on I l i e
I u. 5u ’n e ’r so great I h i t  he’ can ice )  longer i t st cc d i i i  e l i  I r a i c - harder to tinder st and di f f icu l t  ver-

— 
si eo cs. \ l t e ’ r i c e t i v e ’ I v , i en e ’  could d i s c ’  e i c i e ’ e s c i r e ’  that -  r e ’ t ’ h e ’c - t s  l I ce ’  j d r d d e e ’ s s i u i g  e’ f f eer t  devoted
t e e  und e rstanding th e  spe ’e ’e ’h i ,

1 ~~~~
,
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f .\ commonly used and relatively simp le technique is to degrade the signal wi th  noise ’ to
make understanding more difficult. Either the percent intelligibility at a given signal.to-
noise ratio or the signal-to-noise ratio required for a given level of intelligibility—-for
example 50’~—can be used to compare different systems~. ~\ te’St of this sort could be
used to compare th ’ie intonation algorithms in future comprehension tests, The ’ decision to
use a different test in the experiments reported here was based in part on the nature of
the variations made in the speech sign al . It is possible that adding noise results in a loss
of phonetic information , and the phonetic contents of all the passages tested were identical .
Superficial ly, a direct tr ’st of comprehension seemed to be roore likely to re f l e c t  the kinds
of differences that were of interest.

‘l e ’sts using a second task to he done while listening to and t rying to understand the
speech can also be used to increase the demands on the listener. If performance is n 1eas-
ured on the concurrent task as well as on the speech task , poorer performance on either
task may be used to indicate that  the speech was more diff icul t  t-o understand. ‘I’he fol’
tr i l l ing cr i te ’r ia  should be considered in selecting a concurrent task :

• It should require mental processing (i.e.,  not finger tapping ) .

• It should require fairly continuous attention.

• Performance should not improve greatly with  prac tice .

• It should not involve in c ompatible responses i su ’h as t a lk ing  whi le  cIs c l i s tening ) .

if  the h c c ’ e ’ chc  test involve ’s l i s t e n i n g  to 30 t e e  (~() d i f l ’er e ’nt se ntences . ii P~~siHe co nc ur-
rent task is counting backwards. At  a specified time (e ’ .g.. 5s) before each s e ’ ui te ’n ce ’  is
given , a three-digit number is given. ‘the’ person is required to r e c r u i t  backwards b ’ ~ t lc r c ’ c ’ s
from that number. The answers are to he writt e ’n down while he is listening t e e  the  sen-
te ’nc’e ’ . and this is- to c’ontinue un t i l  a signal is guvc’n to wr i te ’  down the senten c e p erha t es
15s after the’ ~nd of the sentence). Both the number of counting responses and the ’  in’ -
curacy of se’ntence recall can easily he assessed. Other possible tasks  migh t he ’ moni tor ing  - -

- I a visual display for a s p e c i f i e d  e ’vc ’nt . reading dials , or ev e n solving pencil maze ’s,

It  is possible to inven t a concurrent task which requires l i t t l ”  in l i ce ’  IViC ~~ of sh de ’cial ized
equipment  anti place’s gr c ’ate ’r demands on t ic ( ’ s t u b , t e ’ e - t . l-I owever , it i s common c’x l cc ’r ie ‘icc-c’
among psychologists that experimental sub j c ’c ’t s are incredibly adept at de v i s ing  str ide- gte ’s
to evade the demands of the  task liv doing something different  from what was c i r i g ina l l v
int e ’n de d.  R e ’ i t m e n  (3 11 h i s  st ig ge ’st e ’d t h a t  partic ipan t s  in an exh i e ’r in cen t  t e n d  to V i e W

the exper imenta l  s i tua t ion  es a problem to he sol~’ed. ‘Fhe’ c’xpercmente’r finds luin cse’ lf
t e s t i n g  s t ra t eg ic- s  fe er p ’rform ing the a s .u gnc ’d t esk ra~he ’r t i i i t c  the ability for which be’ tie’-
sig u i e ’ e I  h is  t a s k .

l~ e ’a e ’tion .t ime ’ tasks  ar e most l ikel y to li e ’  suc cessful in me ’ast i r in g small d i f f e ’re ic c e ’ s in
d i f f i c u l t y  e , f  unde ’rst ,and ing speech. Reac t ion l ime to a pho iici i cc ’ -n i emi t o r in g  task has ‘

~

be’e’n ui s e ’ , l  to measure smal l differe ’n ce ’s in pre )ce ’ssing dur ing  ongoing sleee’c ’bi in a c- irie ’t~’

of situations , In  the’ usu al re ’ae’ti on time ’ experiement . the person listens to a sente nt’c ’
and is eske ’d t e e  r i c e e i i i t oi’  t h a t  sentenc e’ for some’ I ; e r g c ’t , usually a tu ’c~~iousl Y s t ee ’ e - u t u e ’ d l

‘-j~
1~
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phoneme which occurs only once in the sentence, The listener is required to press a but-
ton as soon as he hears the target. The assumption is that the ’ more attention or process-
inc effort needed for understanding at the time the target occurs , the slower the reaction
time to that target will be, This technique has been used successfully to show that reac-
tion t ime is faster when a common word is used than when a more unusual synonym is
used in the  same s e n t e nce L 32 ]  , that reaction time to stressed syllables is faster than to
unstressed sy llab les [33], and that  reaction times to temporally displaced targets are slower
than to on-time targets when tape splicing is used to change the t iming of speech 134] -

.\ good dc ’scription of the techniques for running  reaction t ime exl)er iments can be
found in l” c css 132 1 and Savin and Bc’ver (34 ]  . Since properl y c onducted reaction time ’
te sts are ’ se ’ns i t ive  to very smal l differences in processing difficulty,  it is strongly recom-
mended that N R L  acquire the facilities to conduct reaction time te ’st s . I f  there is con-
tinue ’d interest in speech transmission systems, there will be many occasions cviie ’n it will
be important to detect small diffe ’re ’n ce ’s  in intelligibility, hut word t c ’s ts  may l i e ’  m ap-
priate or inadequate .

Another  test that  may be usefti l in measuring the amount  of ‘‘ef for t ’’ required to under .
stand speech is the ~‘re’e’ ( ‘oicve ’i-s at i on ‘l e st 136] , .-\lthough it is inappropriate for test ing
text-to-phonetic programs (c lue ’ U, the :cc ’ce ’ss i tv  for typ ing each mc’ssage into the corn-
p uter ) .  it has been used succe ’ssfu llv by tlc ( ’ British for comparing spee’ch transmission sys-
te ’ms . \r e ’act ion  time ’ te s t ,  l iccwe ’vc ’r , is preferable in that  it is sc ’ns i t i ~ e ’ te differences in
t h e  d i f f i cu l t y  of processing r ic e ’ speech at  the firm ’ the speech is being heard rather than to
me ’mory e f f e c t s  or jud gments  of d i f f i c u l t y  afte ’r the ’ spee’c ’lc hues been understood.
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APPEND IX A

A BRiEF SUMMARY OF THE NRL STRESS ALG ORITHM

Stress, for the purposes of these rules. is realized primarily as a rise in frequency and a

sligh t concommitant increase in intensity. (inflection levels on Votrax 1. Syllable duration

is determined in a separate operation . The following rules apply to the phonetic outpu t

and not to the original English spelling.

1. Beginning at the final pun ctuat ion ,  use falling intonation on the last few phonemes

before a period , semicolon , or colon , and rising intonation before a quest ion mark.

2. A “sy llable” is arbitrar ily de fined as a single vowel (after translation to phonetic

symbols , not in English spelling), and any succeeding consonants that do not belong to

the next syllable. The consonant immediately preceding a vowel belongs to that syllable ,

and all consona nts at the beginnin g of the word belong to the first syllable.

3. Certain sy llables are never stressed . These include (a)  function words such as a , t h e ,

by , fo r  in , etc.; ( h I  certain endings such as -lag, -ed, -er, fi nal -y, etc.: and (c) any sy llable

in which the vowel is translated as the phoneme schwa a

4. If certain rules in the translation program apply consistently in cases where the sy l-

labl e is nearly always stressed or nearly always unstressed , the stress level in these cases

could be assigned as part of the translation rules . The rule must be very consistent to al-

low this , because this tends to exaggerate any pr onunciat ion errors. (This step was not

include d in the experiment al versions of th e algorithm. )

5. ‘rho sy llable before the final punctuation is stressed if it is not an exception in 3 or

4 above.

6. Going right to left , a syllable is stres se’d if it is immediately to the left of an unstress-

ed syllable and if it is aol an exception: otherwise , ii is unstressed .

1’
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APPEND iX B

SENTEN CES USED IN THE PR EFERENCE TESTS

1 . Sugar and egg prices here continued to de cline .

2. Good we’at hr’ r means  mor (’ children playing outsid e.

3. The witn ess himself is a major sour ce’ ii unreliability .

4 . It is h ardly necessary to point out that dr amatic chan ges have tak en place.

5 . Have you ever wanted to hav e the last word ’?

6. The spokesman said Washington could not legally appoint a substitute.

7, Such elemental gliders can soar as well as glide.

S. Throu gh the middle of the valley flowed a windi ng stream.

9. Because of its hardness , this steel is used princip all y for makin g razors.

10. It is a sensible enginee ~~ng su~~ey.

11, 1 spotted a lady downtown with lots of earrings .

12. The instrument arrived at, the museum here a few days ago . ‘- 

-
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APPEND IX C

A SAMPLE PARAGRA PH FROM THE DIAGNOSTIC READING 8CALE ~

Yesterday Bob took a tri p to a city market that was somewhat like a store but a great
deal bigger. It didn ’t have any bread or canned goods like the groce ry stores , Hut  there
were a great many big boxes of vegetables and fruits.

Bob was hungry and wanted just one plum or cherry to taste. He wondered if one of
t h e  men would sell him just one plum . Everyone was buying the fruit and vegetables by
the whole crate. When Bob asked th e man to sell him one plum , he laughed and gave

- : Bob an extra large plum wrapped in pap er hut wouldn ’t t ak e  any money.

\s he walked along eating the plum , Rob watched the men unloading the trucks and
big trailers. They would chop open the to)) of the crate so that anyone could see the
fruit , I f a buyer liked the fruit , and was willing to pay the price , he might buy the entire
truckload.

Qui e ’s lions (Correct answers in parentheses):

1. What is a cit y market like? I store , but bi gger or big store or bigger than a store )

2. What doe’s th e ’ grocery store have that the city market doesn ’t haye ” ( Bread or canned
goods) ‘

3 . What  did he ask the man for? (plum )

-1 . What did the man do? (gav e the l) lurn to him or laughed )

5 , How much did Bob pay for the p lum? (no th ing )

6. \ Vh at  were’ the men doing to th e ’ trucks and trailers? (unl oading ’t

7 . \Vhv did they open the crates ’? (so a r uv ee n e ’  c ould see ’ t i n ’  f ru i t ) 
- -

• 
8, I f  a man liked the ’ f ru i t , wha t  mig ht he ’ d e e ’! uesk Price ’ or ho i t )

— ‘ C

\~ t , c i i i e ’ e H ~~. e t e i  t I c i ’  I ) e a~~t c e c s e i e ’  R e ’u ee teng  Se’~c l e ’ s  d e ’ v e s e ’ c }  cv e ; , - , , c - L ’ e -  I). ~ p~c e’ t ~ e ’ for  else -  h~ the N~c~ , e l  Research
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