
- 68 -

S e nten c e  Intonation and the Recognition of Noun-Ve rb 

Oppositi o n s  o f  the S o-called M i nimal W o r d  P a i r s , 

b y  He l e en V . Deighton -van Wits e n ,  

Computer P r oce s sing, 

by J a n  G. Blom and L e o  W . A .  v a n  H e r p t .  

0. 
l • 

I . l 
] • 2 

2. 

2 • I 

2. 2 

2. 2. I 

2. 2. 2 

2.2.3 

2.2.4 

3 • 

3. I 

3.2 

3. 2. I 

4. 

5 • 

6 • 

Contents: 

S u mmary 

D . B .  Fr y's M i n imal Word P air(MWP) Exp e rime nt , 

(s yntheti c  items) 

Parameters Re s ponsible f o r  Stre s s  

Fry's Thr e e  11Sub11 te s ts 

The MWP Exp e riment ( s p o k e n  items) 

Sentence Intonation Introd u c ed 

Exp e riment in Two P a rts 

P e rception 'I'est 

Aim of P e rcepti o n  T e s t  

Aco u s t i c  Investig ation 

A i m  of Acoustic Investigation 

MWP Cor p u s  

R e a s ons for the Use o f  MWP 

Criteria U s ed f o r  th e Selection o f  MWP 

Explanation 

S p e ak e r s  

S e nt e n c e s  

P r o c e dure 

Continu e d  overleaf 



7 • 

7 • 1 

7. 1. I 

7. l. 2 

7. I. 2 

7. 2 

8. 

8. I 

8.2 

8.3 

9 • 

I 0. 

10. I 

10.2 

10.3 

10.4 

l I • 

I I. I 

ll.l.l 
l I .  L 2 

I !. I. 3 

I I • 2 

l I . 3 

I l • 4 

I 2. 

I 2. I 

I 2 • 2 

12. 3 

l 2. 4 

I 3. 

I 4 .  

- 69 -

Acoustic Measurements 

Three Parameters 

Dur ation 

Fundamental Frequency 

Amplitude 

Overhaul 

Perception Test 

Recorded Material 

The Listeners 

Apparatus used 

D�ta of Acoustic Material 

Data of Per ception Test 

Inf l u ence of Sentence Intonation 

Distribution and Con f usion Matrices 

x2-computation + z-scores 

Conclusion based on X2 and z-sc ores 

Proce�3iD� vC ri�P Ma terial 

IT MAN <ln a 1 y s i s 

Items below chance 

Word- Jr Speaker Dependence 

Reliability figureG ITMAN 

Item-Lest correlati�n 
Spearman's Rank Cor��lation 
ANOVA 
MA.NOVA I + II 
MANOVA 1 
MANOVA II 
MANOVA III 

Main Effects 

Conclusion 

Discussion 



O. S ummary 

- 70 -

0. l In 1968 a pilot-investigation took place concerning the recogniz­

ability of the so-called minimal word pair s(MWP). 

D.B. F r y  (1958)
*)

had experimented with MWP in an investigation with 

synthetic items of the ���i�£!·�2i�£! type. In the 1968 experiment 

use was made of spoken items,which weie used in a forced-choice 

perception-test. These items (nouns and verbs) had beenaextracted" 

f rom t�o types of sentences: 

I) From sentences where they coincided with a sentence-nucleus and 

II) From s e ntences where they had occurred outside a sentence­

nucleus . 
The hypothesis put forward a t  the t i me was that items from a sen­
tence-nucleus would be recognizable,but that items which had oc­

curred outside such a nucleus would not be recognizable. 

The original x2-calculation did not refute this hypothesis,albeit 

that there was a c onsiderable difference in the distribution of 
correctly identified nouns and verbs. 

The physical parameters of the items were investigated recently. 

Ampl itude ra t ios were shown to have played an important part,es­

pccially were the speaker-effect was concerned. 

*�.B.Fry,'Experiments in the Per ception of Stress',Language and 

Speech 1,(1958),pp 126-152. 
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l. D.B.Fry's 1956 Minimal Word Pair Experiment 

(synthetic item s ) . 

J. I In 1956 Fry tried to establish which were the p arame ters respons­
ible for �tress pe r c eption . Listeners perceive s tre ss as �varia­

tions in a c ompl ex pattern bounded by four psychological dimensions 

namely,length,loudness,pitch,and quality' .Fry experimented with 

three out of four dimensions. He mad e use of synthetic speech items 

of the word-pair type such as subject,objec�;synthetic speech items 
and there f or e controlable.The dimensio ns Fry varied in th ree "sub"­

tests were le�gth,loudness,and pi t ch , or in physical terms,duration, 

intensity(amplitude), and f undamental frequency.Quality or formant 

structure he left out of consideration,although he states(pl28) 

that ' c er t ai n quality differences in English have particular sig­

nificance in stress judgment ' .Th e v ar i atio n s  were made in the vowel 
stre t c he s of tbe items. 

1.2 Fry's first test irivol ved variations in duration and in intensity, 

but the fundamental f req u ency was kept constant,and so, of course, 

were the formant structures. Re su l t : both duration and intensity 

were - shown to have acted as stress cues. 

Then Fry combined duration changes �ith step chan ge s of fundamental 
freq uency and showed that the direction o f  che step changes l1ad 

ac ted os a cue and that 'the magnitude of the f r e q ue'n cy change had 
(had) no marked e f fect' . 

In the thi rd test fundamental frequency within one syllable �as 
varied and in this te s t there was a 'rauge of pa ttern s which im­

posed r-entence intonation on the test items. The result again 

demonstrated the a l l - or - n o ne ef fecc of frequency changes and show­
ed that this may outweigh the d u rat ion cue altogether'. 

2. The Minimal Word Pair Experiment (3poken items). 

2. I Fry' s last 0sub11-test involving · · t onat:i. on raised an interesti n g 

point,namely the question how .much sentence intonation contributes 

to the recognition of stress. In order to find out a little more 

about this it was decided to make use of the same type of material, 

minimal word pairs (MWP),carefully selected(see 3.2), and of the 

noun/verb opposition. 



- 72. -

Six MWP were chosen and used in their respective grammatical func­

tion in phrases of two types: 

I in an intonation nucleus *) 

II outs ide an intonation nucleus (see 5). 
The six pairs thus yielded 2 4  items which we re incorpo ra ted in 

24 sen tences. 

It had been agreed upon beforehand to have 10 nat ive English 

speakers(4) utter the 2 4  sentences,which in turn p roduced 240 

items (5). 

2 .2 The experiment consisted of two par ts. 

2 .2 .1 I: A perce2.,tion test. The. 240 i tems were "gated" 
**),that is, 

lifted out of their surroundings and the y were re-recorded on a 

listening-tape in random orde r. 

2. 2. 2 

This tape was p re s ented to 3 groups of lis teners (8.2). 

Both groups and numbers had been agreed up on beforehand,one group 

of nat�ve English among them. This yielded 7200 responses. 

The test was a forced choice one;listeners were requested to un­

derline either one or the oth�r of two ite�s as follows: 
a cti�_:count 
a refund 
a dtisco11n: 

-� t o d i s c o u n t 
- t·J refund 

- to discou n t 

The aim of the perception-t�st was formulated a t  the time: 

'The p u r pose of the perception-test was to find out if ljsteners. 
conf ronted with the 240 s t imuli,wuuld: 

I pick out more of the pairs iE. an intonation nucleus as noun 

or as verb as the case might be� 
II pick out fl�wer of the pa1rs �idc:_ an intona tion nucleus . 

A margin of error a nd of chance had to be allowed f or'. 

In o ther words,I- type items would prove to be recognizable with­

out the surrounding context,but!I-type items would not be recog­

nized. 

* )
In t onation nucleus: that part of a sentence where the in tonation 

patte rn shows a greate r variation in pitch in compar i s on to its 
su:rroundings 

**>s h · 1 h · f f ee t e art1c e on t e operat i on o the IFA-gate by pro essor 
H.Mol in these Proceedings. 
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2.2.3 II:An acoustic investigation. The items would be measured as re-
gards the vowel stretches of both first and second syllable. 

Parameters to be investigated:dur ation-,fundamental fre quency-,and 

amplitude-ratios. In fact the same parameters which Fry had used in 

his experiment.Measurements were taken straight from the oscillo­

scope. For an explanation see F.J.Koopmaus-van Beinum 1973
*>. 

The processing of these data was undertaken recently by J.G.Blom 
and L.W .A. van Herpt,and will be gone into below ( section 1 0  ff). 

2.2.4 The aim o f  this part o f  the investigation was to try and find out 

which of the physical parameters investigated could be shown to be 
common factors in the formation of noun-items and o f  verb-items. 

What9in fact distinguishes them. All this within the limitation of 

the parameter s mentioned above. 

3. 

3 • l 

The Minimal Word Pair Corpus Used in J968. 

Reasons for the use o f  MWP. 
Fry had experimented with synthetically produced MWP-type items 

for the obvious reason that he was able to produce suitable materi­

al with a minimum o f  parameters(variations of duration,intensity, 

and fundamental frequency).The fourth dimeation , quality,which he 

calls a psychological dimension,he le ft out of consideration, 

understandably so, for,as he writes (p 128):tThe subititution o f  the 

neutral vowel [a.] for some other vowel,the reduction of a diphthong 

to a pure vowe l,or the centr alization o f  a vowel are all powerfu l 

cues in the judgment o f  stresst. 

The materia l selected for the experiment conducted in 1968 was 

drawn from the corpu s o f  MWP material in English as wel l.Gr atef ul 

use was made of A.Vanvik's*•)
exhaustive list of stress-different i a­

ting words,which he obtained by extracting all relevant entries 

from D.Jones's 'English P ronouncing Dictionary' ,eleventh edition, 

1956. 

�)
F.J. Koopma��-van Beinum,'Comparative Phonetic Vowel Analysis', 

Journal of P�onetics l,(1973),pp249-261,esp.p 252,Figure I. 

�*>
A.Vanvik,'On Stress in Present-day English (Received P ronuncia­

t ion)' ,(1961),Bergen-Oslo,Ch V. 
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3.2 Criteria used for the sel e c t ion of MWP, 

The foll owing c r i t eria were used for the choi ce of MWP: 

A They would have t o be words in every-day use,and not liable t o  

mi�interpreta tion. 

Therefore w o r d  pairs like e.g. gy rate 

were considered unsui table ma terial. 

(adj) - gyr a t e  (verb) 

B They would have to be dis tinguishable wit h  the aid of t hree out 

of f ou r  c ues ment ioned by Fry.viz. durat ion,fundament al f requen­

c y,and ampli t ude (a term used in preference t o  'intensi t y'). 

The f ou r t h  dimension,formant s t ru c ture was thought to be such a 
powerful cue that i t  might obscure the a c tion of the o ther three 

dimensions. 

C The st ress pa t tern (as shown in Jones's dictionary) would have 

to con t ain a s t ress opposition in (preferably the first) one of 

i t s  phone t i c  no t a t ions. 

D The use of eac h  member of a MWP woul d have t o  be as evenly ma t ch· 

ed as possible.This last requirement was impossible t o  c on t r ol 

within the scope of this (pilo t -)investigation.Therefore the 

choice -however careful l y  made - be c ame a subjec tive one,for 

which the presen t  writer was responsible. 

The noun/verb opposition within the MWP was by far the commones t 

of the existing opposi tions and eventual ly the f�llowing six 

noun/verb pairs were selected: 

dis coun t,noun ('diskaunt );('--) 

verb ('diskaunt )�{'--) o r  (-'-) 

overhaul,noun ('ouvah�:l)=('---)dr (--'-) 

ve�b (,ouv�hJ:l)=(,--'-) 
refund ,noun 

verb 

imEo r t  ,noun 

verb 

insul t ,noun 

verb 

inc rease,noun 

verb 

('ri:fi\.nd 

( r i: 1 f t\,.nd 

('imp:>:t;. 

(im'p:>: t 

( 1 in S Alt 

( i Il I 5 1\.l t 
('inkri:s 

)=('--) 
) = ( -'- ) or('-'-) or (ri'f�nd)=(-1-) 

)=('--) 

)=(-'-) rarely ('imp,:t )=('--) 

)=('--) 

)=(-'-) 
)�('--) or(i��k-,in'k-,i�'k-)={-'-)(-1-) 

)=(-'-) or(i�'k-,'ink-,'i�-k-)=(-'-), 
( ' --) , ( '--) 

The first five of these word pairs occur in D.Jones's 

(intkri:s 

English P ronou n c i n g Dictionary,! Ith ed.,1956. 
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The last, increase, n.-v., i s  ad d e d  b y  Vanvik (p 53/54).%) 
3.2.J A s hor t  exp l ana tion se ems c a l l e d  for a t  thi s s t a g e. 

discount was chosen n o twiths t andin g the fact that the s t r e s s  

difference was ma rked in the s e c o n d  place .  Gene r a l ly speaking t h e  

material from which a choice cou l d  b e  made was very limi t e d . Van­

vik (p 55) s t a t es tha t o u t  o f  a possible 248 i t ems 'wh e r e  the same 
orthographic f orm may repr e s e n t d i f f e rent par t s  o f  spe ech acco r d ­

ing to which s y l labl es are s tre ssed . . . . • • •  i t  was obliga t o ry t o  

use the same phonemes and d i f f eren t s tr�ss for some 60 e n t ries 

o n ly.' This number o f  60 s t r e s s  opposi tions i n c l u d e s  all f orms o f  

opposition, noun-verb ,  noun-adject i v e  e tc . Those qua l i f y i n g  on all 
four cri t e ria were f ew .  

overhau l ,  a thr e e  sy l l a b l e  w o r d, that i s  t rue, b u t  b y  a l l  appea r an­

ces c l ear l y  s_tre s s  dif f e r entiating. Measurements could b e  kept con­
f or m  b y  treating t h e  f i rst two sylla b l e s  as one and mea s u r i n g  on 
the vowel s trectch e s  [ o uJ an d [ :>:]. 
refund, a r i sk was taken as q u a l ity d iff erences seemed poss ib l e  

from t h e  s tar t ,  b ut h e r e  again the lim i t a t i on of t h e  m a t e ria l was 
a t  the bo t t o m  o f  the i nc l u s i on of t h is item. 

import, insu l t  qual i f i e d i n  every r e spe c t . 

increase, V anvik mentions (p 55) that he consu l t e d  s ome leading 

Eng l i s h  phone tic i a n s  a b o ut the i r  pronunciation of t h i s  word, which 

they s tress-diff e r e ?tiated. It appeared r e a s o n able t o  include i t  

in this expe rimen t .  

4. S p e ak e r s: 

The i t em s  u s e d  w e r e  spo k e n  by 10 n a tive Eng l ish spe akers (Brit ish 

ma l e  R.P. speak e r s *�) ). This numb e r  had b e e n  a g r e e d  upon b e f o r e­

hand, b u t  some more speakers wer e  re c o r d e d. Al l male t o  mak e the 
group homo g e n e o u s  f or mea s uring purposes lat er. Some �eco r d i n gs 

could not be used, f o r  reasons s uc h as asthma t i c  s p e e ch, aud i b ly 

i l l - fi t ting teeth etc. The d e cision a s  t o  what d o e s  o r  d o e s  uot 

c on stit ute R.P. pronunciation was an arbitrary one, obviously. 

x) Vanvlk's special inc lusion o f  i n c r ease s e emr unne cessary as 
both the llth e d . o f  Jone s' s d ictionary and f o r  ins t ance t h e  
earlier 7th ed., A n  E n g l ish P r o nouncin� Dic tionary, give this 
word as s tre s s  dif f eren t ia ting in the f irst variants of the 
resp e c tive noun/v e r b  pr onunc i ations. 

xx) R.P.: Received Pro n unciati on as d e fined in the I n t r oduction 
o f  Danie l Jone s's P r o n o u n cin g Di ction ary. I n  gen e r a l  t h e  
pronunc i a tion h e a r d  i n  S outhe rn En g l and and e speci al l y  u s e d  
by those with b o ar d i n g - sch o o l  e d u c a tion. 
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Criteria by which to judge this sort of problem can be found 

in the •rticle by J.G.Blom and F.J. Koopmans-van B einum
*) 

Such criteria were no t available for the R.P. pronunciation of 

Englfsh at the time and a decision had to be made somehow of 

what to use and what to scrap. The problem of the limitation of 

availabl e male R.P. voices was also c�nsiderable. In my opinion , 

which is bound to be a subjective one, all voices used in t he 

experiment were homogeneously R.P.; most speakers were rather 

'public' figures from, for instance, the consulate, the British 

Council, and one lecturer of the English departmen t of the 

Universi ty of Ams terdam. Nearly all had public school backgrounds. 

5. Senten c e s :  

It was mentioned above that ideally speaking the items should 

have been taken from spontaneous conversation if a complete 

antithesis of synthetic speech w a s the aim, but this constituted 

insuperable difficulties for a statistically significant number 

of items to be th e re sult ,- even for a pilot-investigation such 

as this was -

The next best thing was to introduce the items as inobtrusivel y 

as possibl e. :s mat eri a l from native English speaker s was sought 

for other tests at the time it was decided to comb i ne the session 

for more than one test. The time involved for �he collection of 

all the required material being some 20 minute s . The MWP sentences 

came in the middle of the ses sion, with s en t enc es printed on cards, 

(the other items �ere lso read from cards). 

Sentences of both type I and II appear below, i.e. �tems inside 

an intonation nucleus and those outs i de one. One or more nuclei 

can occur in a sentenc�, 

The numbers ref er to the order in which the sentences were arrang­

ed. 

�)An I nvestigation Concerning the Judgment Criteria for the 
Pronunciation of Dutch r,in these Proceed ings PP l - 24. 
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The di scoun t must be con siderable. 

We 111 discount thi s  theory .  

The car needs a thorough overh a u l .  

The y  '11 ove r hau l  it at the g arag e . �) 

Do you want a refund, mad am? 

We '11 re f und the money on principle. 

Imports have ri s en sharply. 

Britain imports nuclear he ads . 

( I ) 

(5) 

( I 2) 

(2) 

(3) 

(9) 

(8) 
(4) 

An i n c rease in productivity wi ll be necessary. (11) 

The T.U.C. will increase press ure. 

His insult must be over l ooked . 

I f  w e  i n sult h i m  he wil l reta l iate. 

(6) 

(7) 

( 1 0) 

Type II On FRIDAYS you ge t  a discoun t ,  N O T  on SATURDAYS. ( 1 8) 

I f  we CAN'T d i s count thi s t h e o ry, who CAN?�) 
(21) 

I don't THINK an ov e rhaul i s  due y e t . ( 1 6) 

Let the GARAGE overhau l  i t  for you . (19) 

I have HAD my refund, thank you very much. (17) 

I f  t hey re f u s e  there is n othing I can do to MAKE them 

r e f und it. (13) 

Can anyone g uarantee it wil l  not D I MIN I S H  our import s . (2i 

How can you be sure Br ita i n  WON'T import nuc l ea r  he ads(2� 

I s  there a GENERAL increa s e  or ju s t  a SEASONAL nne . (20) 

The T . U . C. bo s s e s  mus t  certain l y  N O T  increase demands . (14) 

He's bound to RETALI ATE this insu l t .  

D o  you rea lly think h e  W I LL insult u s . 

( 15) 

(24) 

�) ' Gara g e ' and s e ntence 21 caused comments f rom the spe akers . 
They will be discu s s ed be l o w. (6.) 
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The procedure is described in some detail here,as f or this type 

of investigation much depe nds on the way the data are collected. 

The aim was to get items which were as near as possible to normal 

free running speech,so great care was take n to e nsure that the 

speakers were not influenced by the unfamiliar surroundings.Also 

the test-leader was careful not to inf luence the speakers direct­

ly by saying any of the items during the test. 

The procedure was as follows:each speaker was taken to the record­

ing cubicle and there the test-leader talked with him f or a few 

minutes.This put the subjects at thei� ease and yielded valuable 

information about the presence or absence of regional accents, 

spe e ch defects and speech rate.This information was registered 

straight after the test.It also gave the technician in the record­

ing studio ti�e to adjust the re cording apparatus. 

Data for a sibilant test were collected durin� the same se ssion, 

the items were printed on cards.The 40 cards read for the sibilant 

test took some Sminutes.The n  the se ntences for the test discussed 

here were read from separate cards in the order shown above,with 

an instruction card inserted between type I and type II sentences, 

which had the following text printed on it: 

Please stress CAPITALIZED word 

WHAT did you say before that? 

What DID you say before that? 

What did YOU say before that? 

What did you SAY before that? 

What did you say BEFORE that? 

What did you say before THAT? 

The subjects read these sentences aloud,as a rule no further in-

structions were given.Howeve r,some speakers slowed down their rate 

of speaking a lit �le,but resumed their forme r speech rate after 

being asked if they would normally say thi�gs that way. 

The tape of all re cordings was lis tened to independently by two 

members of the IFA staff and no more than five instances of slight 

influe ncing W're established.On a corpus of 240 items this was con� 
sidered to be of no real consequence. 
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In order to get speech-items which were as natural as possible it 
was hoped that the speakers would not spot immediately what the 
test aimed at.This was on the whole accomplished.Nearly all the 
subjects were under the impression that we had been testing them 
on their pronunciation of English: ."Good English''."the Queen's Eng­
lish".The word garage had struck them as a hidden clue,especially 
as it had occurred twice.Only one speak�r said afterwards,that, 
quite at the end of the test,he had come to the conclusion that we 
"were trying to sort something out to do with 'import -im'port". 
The use of sentences which were not of uniform length or appearance 

had the very purpose of obscuring the items needed for the test. 

S e n t ence 21 WAS often read with emphatic WE. 

7. Acoustic Measurements: 

7.1 Three parameters were measured per vowel-s tretch.both for the first 
and second syllable per item. 

7.l.J Duration measured in msec,directly from the oscilloscope with the 
"gating" equipment*). 

7. 1.2 Fundamental frequency measured in Hz,al s o  directly from the oscillo� 

scope by measuring the repetition rate of the damped oscillations� 
In the case where vowels showed simple changes of rise or fall of 
4 Hz or more the geometrical mean was taken of the beginning and 
the end of the vowel-stretch. If complex changes occurred the mean 
was computed of beginning,middle and end. 

7.1.3 Amplitude: the most difficult parameter to say anything about with­
eliciting a host of questions.Some people might perhaps have pre­
ferred the use of a different term;"intensity" perhaps.but this 

would have complicated things further.(see Mol and Uhlenbeck*�)) 
The amplitude of the vowel-stretch was defined and measured as the 
peak value in the curve as seen on the oscilloscope.By simply dete� 
mining the ratio of the amplitudes of the first and s econd s yllable 
of an item,a straightforward physical parameter was arrived at, 

being independent of the absolute levels produced by the s peakers. 

*)see the article about the IFA-gate by H.Mol in these Proceedings, 
and F.J.Koopmans-van Beinum(l973); 

**>H.Mol and E.M.Uhlenbeck,'The Linguistic Relevance of Intensity 
in Stress',(1956),Lingua V,2,pp205-213. 
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7.2 The measuring of overhaul must be explained.It was impractic-

able to have one three-syllable word among five two-syllable ones. 

The middle syllable mea sureme nts , ' ve r ' , w e r e  left out of the comput­

ations and o v e r h a ul was tre ated as a two-syllable word. 

For the data o f  the measurements s ee those of insult and r e f u n d  , 
Which did best and wo rst r espectively in the perception test . 

8. The P er ception Test. 

8.1 The recorded material: 

The 240 items (JO speakers,24 items per speaker) were given code­

numbe rs,and w e r e  re-recorded in random o r d e r  with 4-6 s econd inte� 
vals.Although the actual tape for li s t ening purposes was the copy 

of a copy of the mast e r - tape,the quality of t�e items was good. 

There were slight extraneous noises which were the result o f  s up­
pressing the s u r rounding mate r ial,but these did not af f ect the 

s t i mu l i  thems e lve s .  Th i s  s light noise was hardly noticea•le at a 

single hearing. 

8.2 The listeners: 

Thre� types of su bje c t s were inv i t e d  to take p art in the p e rcep­

t i o n  te s t .  

A A gr oup o f  10 n ative Engl i s hmen and women ; R . P . speaki ng and not 

connected with or intimately aqusinte d  with the 10 speakers,who 

had their voice s  record�d.Restrictions which made the composit­

i o n  o f  this g r oup r ather difficul t. 
B A group o f  10 s e n i o r  students of English o f  tr; Univer sity of 

Amsterdam.who w e r e  not used to a language l��oratory. 

C A g r oup of 10 f irs t-year students of Engliwh o f  the same uni­

ve r s i ty , but these stud ents had b e e n  i n s t.�cted i n  a langu a g e  

laboratory. 

Altogether 30 l i ste ner s,r eacting to 240 s t i muli.The r e sult ea. 

7200 r e sponses . N otwi thstand i n g  the fo r c e d  choice char acter of  the 
test.2.6% "no-scores" re sulted . Thes e do net, howev er , materia lly 

i n f luence the test . 
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8 . 3  A pp aratu s f o r  r e c ordings a n d  f or l i sten i n g  test: 

The r e c o r d i n g s  were made w i th an Amp ex r e corder.a card i o i d  P h i l i p s  

m i cro p h o n e,m a g netic tape:Scotch tape,low p r i nt . Record i n g  s p e e d :  

1 9  cm/s ec, o n e  o f  the t w o  tr a c k s  w a s  used. 

Cop i e s  w e r e  m a d e  w i t h  a R evox tap e-r e c o r d e r , s ame s p e e d  and the 

s ame typ e  of m a g n e t i c  tape was u s e d . On� trac k  was use d w hi l e  the 

other was era s e d  s imultan e o u sly . 

The IFA- g at e  was u s e d  for the g ati n g  o f  items and f o r  g a t i n g  f i r s t  

and s e cond vowels.The storage o sc i l l o s cop e was a Tectro nix RM564. 

For stati st i c  p u r pos e s  an IBM 1130 w a s  used . 

For the p ercepti on test the s ame m a gn etic tape w a s  u s e d  a n d  i n  the 

cubi cle s there were Revox tap e-recorde r s  and Beyer DT48 headphones. 

9 .  Data of A c o u s t i c  Measurements. 

T h e  f i r s t  and s e c o n d  vowel-stretch p a r ameters are not g iven 1n 

ful l.Thos e  o f  i n s u lt and o f  re f und can b e  f o und i n  Append ices I 

and I I . Th e s e  two w o rds wer e  sele cted a s  the result o f  the p er c e p ­

tion t e st h a s  shown that in s ult h a d  f ewest c o r r e ct resp o n s es,while 

r efund h a d  mo st. 

The p roce ssin g o f  the acoustic mate rial w i ll b e  f o u9d in MAN OVA 

I,II,a n dI II o n  page 88 £f. 

10. Data o f  P erception Test . 

10.l In flue n ce o f  s e nten c e  i ntonat i o n: 

The h y p othe s i s  p ut f orward in 1968(2.2.2) c o n c e rning the ab i l ity 

of listen e r s  to disti ngu ish correctly 11i n s i d e" an i ntonat i o n  n u c­

l e us a n d  the i r  b e i n g  unab l e  to d o  s o  w ith items o c c urr i n g  "o ut­

si d e 0 s u c h  a nucl e u s  was t e s ted o n  the r e s ults of a xicomp utati on 

at the time,by l o o k i n g  at the distribution of corr ect res p onse s 

f o r  the f our group s  o f  items a n d  that o f  t h e  i ncorr e ct re s p onse s .  

( I - l ) n o u n s  " i n s i d e "  into n ati on n u c l e us .  

( l - 2 )  noun s "outside" i ntonation nucleus. 
(2 - 1 ) verb s 11insi d e11 i ntonat i o n  n u c l eus . 

(2 - 2) v erbs 11outs i d e11 into n ation n u c l e us. 
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J0.2 Distribution and confusion matrices: 

For the distribution of scores of the perception test see Figure I 
for the distribution among the 6 words and Figure II for the dis­

tribution among the JO speakers. 

Distribution matrix 

correct incorrect 

inside I 3 1 7 483 1800 
nouns 

• 

I outside 947 853 1800 

I 
inside 995 805 11300 

!verbs 
i outside 8 7 I 929 1800 
I 
-

Total 4130 3070 7200 
-------· .. ------- --------·-----

If we consider the discri�1;tion of the total figures,w� see that 

the z-score for the t:o!.:al co:iumn 'correct' i.s: 
z .. 12.6 
This figure is too ii:igh :1ot to justify the i:xper:i.ment. 

Ccntusion t:i;.1t-ri.x 

1 
f n o u 11 s v E! r b s ,__���-�-�-�-

-��-�-

I 

i inside 
inouns 
' o uts i d e ; 

r ins ide 

I 3 l 7 

947 85
3 

805 995 

1800 

1800 

1800 
lerbs 

1� 0 :: : : : • --

3

-:-

9

-2-: -----

3

-:-:-

2

-1 ---
-

-:
-
:-:-:--

The confusion matrix gives a z-score for t h e  total of "nouns" 

(i.e. the total number of times the listeners scored noun-

items) z ,,. 9. 4 
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This figure shows that listen2rs choose nouns significantly more 

often than verbs. 

10.3 x
2 

-computation and z-scores: 

The f igures which can be fouJd in the distribution matrix result-
2 

ed in X = 264.33 udf = 3 

The distribution of the cell figures of. x2 shows that the main con­

tributions to the. column "correct" comes from (1 - l) ,nouns spoken 

in an intonation nucleus . 

The z-scores per group of items in the "correct11 column are for: 

( ]  - l ) 

( 1 - 2) 

(2 - I ) 

(2 - 2) 

z = 4 17 = 19.72 
21:2 

z :::: 47 "" 2. 22 
2r:-2 

z :: 95 "' 4.48 
21. 2 

:z; = -29 "" -1.37 
2 t • 2 

These z-scores show �hat: 

(I - I) The hypothesis that listeners were not able to recognize 

this type of item must be refut ed. 
(I - 2 )  We see a onesided P-value of 2.64%. At 0.01 level this i s  

not significant.Listeners must be assumed not to have 

been able to recogni�e this type of item. 

( 2  - 1) The hypo thesis that listeners were not able to recognize 

this ty pe of item roust be refuted,al beit tha t z = 4.48 

i s  not nearly so convincing as the result z = 19.72 for 

(l - 1) t y pe of items. 

(2 - 2) We see a onesided P-value of 17.067.. So here again i t  

must be a ssumed tha t lis teners were not able to recognize 

this type of item. 

10.4 C�ncl u sions based on j and z-scores: 

When we look at the results of both groups of items outside an in-
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tonation nucleus we see that listeners were not able to discrimin­

ate either nouns or verbs in a significantly correct number. 

But in an intonat i on nucleus,however,the situation is different. 

Both verbs and nouns are recognized,albeit with greatly diffenent 

results. 
2 The X distributions and the z-scores show that the centre of 

gravity for the "correct" results lies very much on the noun-items. 

This is in accordance with other findings on the subject of noun/ 

verb recognition. 

This poin t was reached in 1968,but the need was felt to scrutin­

ize the available material more carefully.An attempt at such a 

scrutiny follows below. 

I I. Processing of MWP Material. 

I I .I ITMAN analysis* � 
In order to gain more insight into the way people had scored,in 

fact,relating the degree of difficulty of the items and the abil­

ity of the listeners�an item- test analysis was carried out. 

Here the four se p arate groups.�ach yie ld in g 60 items were investi� 

ated separately. 

11.1.} A total of l 4 I iterus were shown to have been scored below 

chanc e in the following wa y .  

( l l ) 6 ite.ms scored below chance; i.e. 54 items recognized. 

( 1 2) 30 ite ms scored below chance; i.e.30 items rec o gnized. 

(2 I ) 29 items scored below chance; i.e.31 items recognized. 

(2 2) 34 items scor ed below chance; i.e.26 items recognized. 

Here again the results for (J -1) items are highest,which streng­

thens the conclusion that (l -J) items are recognizable as such. 

The verbs in an int0nation nucleu s (2 -1) are shown to have a much 

*) I J.G.Blom and L.W.A . van Herpt,'test Analysis System ITMAN , 
Internal Publication 31.1,Institute of Phonetic Sciences, 
Amsterdam,(1972). 
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lower resul t , o ne in fact, t h a t  is n o t  really differ e n t  from e i t h e r  

t ype o f  item outs i d e an i n t onation n u c le us,wh i ch rather weakens 

t h e  s t a t us of (2 -1) it ems. 

11.1 .2 Word- o r  speaker-depen dence? 

We wanted t o  know how t he s e  r e sults had b e e n  arrived a t .  

Was i t  a case o f  word-dependence or o f  s p e aker-depe n de n ce .  

The 141 i t ems b e low ch a n c e  were dis t r ibuted a s  follo ws: 

Average 141/6 • 23.5 p e r word. 

w " 17 
3 , 

This is no t  significan t �  so t here was no word-dependence. 

The dis t r ibut ion among the speakers; ave rage 141/10 � 14,J. 

2 speakers � 11 3 spe a k e r s  i2 I speaker � 14 
3 speakers m 17 speake r  = 18 
x2 = S.28 

9 
This is not sign i ficant, so there �as no spea�er-dependence. 

I 1.1.3 R e liabilit y  figures ITMAN. 
Distributed as follows: 
( l-1) = 0.89 
(1-2) z 0,64 

(2-l) � 0.32 
( 2 -2) = 0,61 

F r o m  t�e s e figu r e s  we may co nclude t h a t  a repetition of t h e  f o ur 

tests would give t hese r e sults, i f  put in t o  word s :  

( 1-l) a v e r y  g reat c hance of a similar result. 

(l-2) and (2-2) the result would perh aps be s imilar, but t his 

1s n o t  nearly s o  cer tain as f o r  group (l-1). 

(2-1) qui t e  likely a different result would o ccur. 

This again r a t her un dermines the s t a t us of ve rbs ins i d e  the 
i n t o nat ion n ucleus. 

11.2 Item-test correla t ion (fo r RIT < 0.20). 

The i t em-test correlat ion figures, RIT < 0.20 had t h e  following 

distribution for speakers: 
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( l -1 ) l 0 i t em s o u t  of 6 0  (o f wh i c h  6 s p e a k e r s  w i t h  i t e m R I T< 0 . 2 0 )  

( I  - 2 )  2 8  i t ems o u t  o f  6 0  (s p e ak e r s  v a r i e d f r o m J - 5 i t e m s  R I T  < 0 . 2 0 )  

( 2 - 1 )  2 9  i t e m s  o u t  o f  6 0 ( s p e a k e r s  v a r i e d  f r om 2 - 4  i t e m s  R I T  < 0 . 2 0 )  

( 2 - 2 )  2 6  i t e m s o u t o f  6 0  (s p e a.k t.! r s  v a r i e d  f r om 1 - 5  i t ems R I T  

a n d  f o r w o r d s : 
( I  -I )  1 0  i t e m s ( o f  wh i ch 3 "W o r d s  h a d  i t e m R I T  < 0 .  2 0  

2 w o r d s h a d  2 i t e m s  a n d  o n e h a d  3 )  
( l -2 )  28 i t e m s  { w o r d s v a r y i n g  f r om 3 - 4  i t ems , R I T  < 0 .2 0 )  

( 2 - 1 )  2 9  i t e m s  ( wo r d s v a r y i n g  f r om J - 8 i t e.ms , R IT < 0 . 2 0 )  

( 2 - 2 )  2 6  i t em s  ( wo r d s  v a r y i n g f r om 4 - 5  i t e ms , R I T  < 0 . 2 0 )  

T h i s  s h ow s  t h e  g r e a t e r  h o m o g e n e i t y o f  t h e  s p e ak e r s , w i t h t h e  

g r e a t e s t  o c c u r r i n g  i n  ( l - 1 ) .  

< 0 . 2 0 )  

T h e  h omo g e n e i t y w a s  s m a l l e r  f o r  wo r d s , b e i n g  s ma l l e s t  f o r  ( 2 - 1 ) .  

I J . 3 S p e a rm a n t s r an k  c o r r e l a t i o n .  

A S p e a r m a n r ank c o r r e l a t i o n  t e s t  w a s  d o n e  t o  s e e  i f  1 1ve r b s - i n s i d e "  

and " v e r b s - o u t s i d e "  w e r e p a r a l l e l  t e s t s  f o r  t h e  r e c o g n i t i o n o f 

v e r b s • T h e  o u t c ome -w a s n o  t s i g n i f i c a n t a t 0 • 2 • T h e  r e f o re ( 2 -· 1 ) and 

(2-2) are n o t  c o mp a r ab l e tes t s .  The d i f f i c u l t i e s  in r e c o g n i t i o n 

o f  ( 2 - 1 } - i t e m s  a r e  n o t  t h e  s ame a s  t h o s e o f  ( 2 - 2 ) - i t e m s . 

I I . 4  ANOVA - t e s t� ) 
A v a r i a n c �  a n a l y s i s o f  un i v a r i ab l e s  w a s  c a r r i e d o u t  on s c o r e s ,  

w i t h  c omp l e t e  f o u r  f a c t o r  d e s i g n :  

f a c. t o r  s p e a k e r s  ( S )  

f a c t o r  2 wo r d s ( W )  

f a c t o r  3 -w o r d - t yp e ( N )  

f a c t o r  4 " i n s i d e / o u t s i d e "  ( S ) 

1 1 . 4 . l  S i g n i f i c a n t  e f f e c t s  w e r e f o u n d  f o r  

w- , N - , WN- , s - , w s - , N S - e f fec t .  

1 0  l e v e l s  

6 l e ve l s  

2 l eve l s  

2 l e v e l s  

x )  A n o v a  - An a l y s i s  o f  V a r i a n c e  f o r I BM 1 1 3 0 ,  D i s c  Mo n i t o r  S y s t e m 
V e r s i o n  2 .  E s s e n t i a l l y  d e s c r i b e d  b y  H . O .  H a r t l ey .  
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P-ef f e c t  wa s n o t  s i gn i f i c a n t . 

T h i s  i s  s om e t h i n g  t o  wh i c h att e n t i o n  mu s t  b e  d r awn , a s  

t h e  a c o u s t i c  inve s t i g a t i o n  s h o w s  t h a t  spe a k e r s  pr o d u c e d  

d i f f e r e n c e s  wh i c h  w e r e  s ign i f i c a n t  t o  wh i c h  t h e  l i s t e n e r s  

a p p a r e n t l y d i d  n o t  r e spon d .  

W- e f f e c t was s i g n i f i c a n t .  

A s  t he P- e f f e c t  wa s n e g a t i v e  t h e r e  c a n  h a v e  b e e n  n o  

s y s t e ma t i c  c o n ne c t i on b e t w e e n  s p e ak e r s a n d  d e g r e e  o f  d i f ­

f i c u l t y o f  i t ems . T h e r e  i s ,  h owe v e r , a c o n n e c t i o n b etw e e n  

wo r d s a nd d e g r e e  o f  d i f f i c u l t y  ( s e e  f i g u r e s I ,  a n d  2 f o r  

d i s t r i b u t i o n  o f  c o r r e c t  s c o r e s ) .  

N - e f f e c t  w a s  h i gh l y s i gn i f i c a n t . 

N o u n s  a n d  v e r b s  a r e  c o r r e c t l y  n a m e d  w i t h  v e r y  d i s s imi l a r  

f r e q u e n c i e s .  A c o n f i rm a t i o n  o f  t h e  a b o v e  t e s t s  ( s e e  f i g u r e  

2 ) . 

W N - e f f e c t , o n l y  m a r g i n a l l y  s i g n i f i c an t .  

T l1 i s  e f f e c t  d r o p p e d o u t  a t t e r  f i n a l  p o o l i n g  o f  E r r o r - t e r m .  

S - c f f e c t ,  w a s  s i g n i f i c a n t . 
T h e  I TMAN t e s t  a l r e a d y  s h o w e d  t h a t  i t e m s i n  a n  i n t on a t i o n 

n u c l e u s  w e r e  r e c o g n i z e d  b e t t e r  t h a n  i t em s  o u t s i d e  o n e  
( s e e  f i g u r e  2 ) . 

W S - e f f e c t .  S o me w o r d s  a r e , o n  t h e  wh o l e ,  r e c o g n i z e d  b e t t e r  ' i n s i d e ' 

t h a n  ' o u t s i d e ' t h e  i n t o n a t i o n  n u c l e u s  ( s e e  f i g u r e  2 ) . 
N S - e f f e c t  w a s  h i g h l y  s i g n i f i c a n t . 

' N o u n s - i n s i d e ' a r e  r e c o g n i z e d  m u c h  b e t t e r  t h an 1v e r b s - i n -

s i d e ' ( s e e  f i gu r e  2 ) . 

P o o l i n g  o f  t h e  h i g h e s t  o r d e r  i n t e r a c t i o n  + 3 r d  o r d e r  i n t e r a c t i o n  + 
+ P a n d  i t s  i n t e r a c t i o n s  l e a v e s  t h e  f o l l o w i n g  s i gn i f i c a n t  e f f e c t s :  
w- � N - , s - . w s - , N S - e f f e c t . 

T h i s e x h a u s t s  t h e  e x am i n a t i o n o f  s c o r e s .  T h e  n e x t  p a r a g r a p h s  w i l l  

b e  d e v o t e d  t o  t h e  e x am i n a t i o n  o f  t h e  p h y s i c a l  p a r ame t e r s . 
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MAN O V A  I and I l
x )  

The M a n o v a - t e s ts , o f  whi c h 3 were car r i e d o u t  t e s ted t h e  ma te rial 

acoustical ly . T h a t  i s ,  i n  MAN O V A  I t he r a t i o s  o f  t h e  three p a r a­

me t ers, me a s u r e d f o r  t h e  v o w e l - s t r e t c h e s o f  f i r s t and se c ond 
v o we l s  of e a c h  i t e m  ( see 3 . 2 . 1 f o r  ov e r hau l ) .  So ra t io s  of dur a t ion 

fundamen ta l fre quency and amp l i t u de. 

I n  MAN O V A  I I  t he s e ra tios w e r e  t r a n s f o r m e d  t o  l oga r i t h m s . 

I 2 . I MAN O V A  I : 

Tes tin g  a gains t t h e  firs t  est ima t ion o f  t h e  E rr o r - t e rm ( h i g h e s t  

i n t e r a c t i o n )  and subsequen t fur ther p o o l i n g  o f  in s i g i f i c an t  e f f e c t s  

i n  t h e E r ro r- term l ef t  the fo l l owin g  s ign i f i c an� eff e c t s : 

P - ,  w- , P W - , N -, WN- , w- , and N S -e f f e c t . 

I n  o r d e r  t o  b e ab le to g e ne r a l i z e a b o u t  speake r s t he P - ef f e c t  

was p u t  i n t o  t h e  E r r o r - t e r m .  S i gn i f i c a n t  ef fe c t s w e r e : 
w - , N - , s - , WN - ,  N S - e f f e c t . 
T h e s e  a r e  t he s ame as t h o s e  in t h e  ANOVA tes t ( a l l  e x c e p t  t h e  

WN- e f f e c t ) . 
Th i s  i s  a n  i n t e re s t i n g  p o i n t  a s  ANOVA t e s t s  o n  s c o r es , whe r e as 

MAN O V A  tested the a b o v e - n ame d phys i c a l  p a r am e ter s . 

1 2 . 2  MANOVA I I :  

T e s ting t o ok p l a c e  a g a i n s t  t h e  f i rs t  e s tima tion o f  the E r ror-term 

(h i gh e s t i n t e r a c t i o n ) . S i g n i f i c a n t  ef f e c t s : P - , W- , P W - , N - , 

WN - ,  S - , and N S - e f fe c t. 

P o o ling of i n s ignific a n t  e f f e c t s  r esu l ted f i n a l ly i n  a n  E r r o r - t e rm 

c o nsistin g  of P N - + P W N - + P S - + W S - + P W S - + P N S - + W N S - + P W N S . 

Remaining signif icant ef fec ts we r e : 

P - , w- ,  

f e c ts P - , 

P W - , 

w- , 

N - ,  

N - ,  

W N - , s - , N S - ef fec t , Ln f a c t  t he ma i n ef-

and S- e f f e c t .  
T h i s  me ans t h a t  we can no t ge ne r a l i z e  e i t he r  o speake rs , o r  

w o r d s .  No r  can noun-ve r b  oppo sition s b e  c o m p a r e d  o r  t h e  " i n s i d e " ­
"ou ts ide "  oppos it ions. 

*) J . G .  Blom a n d  L . W.A . v a n  He r p t ,  ' MANO V A ,  Een mu l t ip l e v ar i an t i e  
a n a l y s e  p r o g r amma v o o r  I BM 1 1 3 0 ' ,  I n t e r n a l  Pub l i c a t i o n 3 5 . 0 , 
I ns t i t u t e  o f P h o n e t i c  S c i e n c e s , Am s t e r d am ( 1 9 72 ) .  
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One begins t o  wond e r  i f  M i n ima l W o r d  P a i r s  a s  a c l a s s  e x is t a t  

a l l  - a t  l e a s t  when t e s t i ng o n  s imi l a r p a r ame t e r s  t o  t ho s e  u sed 

b y  F r y  i n  h i s  s y n t h e t i c  ma t e r i a l . I t  w i l l  b e  no t i c e d  t h a t  s i gn i ­

f i c a n t  e f f e c t s  o f  MANOVA II and of MAN OVA I we r e  i d e n ti c a l. 

In MANOVA I I  t h e  P - e f f e c t  h a s  b e c ome mar g i n a l l y  signifi can t .  

I n  o r d e r  t o  b e  a b l e  t o  g e n e r a l i z e  a b o u t  w o r d s  t h e  W -e f f e c t  w a s  

p u t  i n t o  t h e  E r r o r - t e r m .  W e  w a n t e d  t o  a c t  a s  i f  Min i mal W o r d  P a i r s  
e x i s t e d . W h e n  t h i s  was d o ne t h e  P - e f f e c t  b e c ame no t s i g n i f i c an t . 

1 2 . 3  MANOVA I I I : 

This a na l ysi s  was c a r ried o u t  on two p a r ameters in s te ad o f  t h r e e . 

H e r e  t h e  l o g a r i thms o f  t h e  r a t i o s  o f  d u r a t i o n s  and f u n dame n t a l  

fre q uency o f  b o th v ow e l  s t r e t c h e s  p e r  i t eru we r e  i n ve s t i g a t ed . T h e  

re a s o n  f o r  t h i s  w a s  tha t t h e  amp l i t u d e  ra tios wer e  s e en t o  d i f fe r  

g r e a t l y  p e r  s p e ak e r . 

T e s t i n g  a g a i n s t t h e  f ir st e s t i m a t i on o f  t h e  E r r o r - t e rm ( h i g h e s t  
i n tera c t i o n )  P W N S  s h o w e d  t h a t  P -e f fe c t  � n o t  s ign i f i c a n t  . .  

T h i s  s u g g e s t s  t h a t  s pe ake rs a r e  mea s u r a b l y  d i s t i n g u i s h a b l e  i n  
t h e  c o n t r a s t s  o f  t he i r a mp l i t u d e  r a t i o s . 
W i th i n  t h e  s c o p e  o f  t h i s  i nv e s t i g a t i o n  we c an n o t  s a y  w i th a n y  con­

f i d e n c e  t h a t  t h i s  a c o u s t i c  c o n t r a s t  i s  p e r c e i v e d  by t h e  l i s t e n e r s . 
S i gn i f i c a n t e f f e c t s  w e r e :  W - , 
e f f e c t .  

�T ­'' ' W N - , s -· • P WN - , a n d  N S -

P o o l i n g  f i n a l l y r e s ul te d i n  s i gn i f i c an t  e f f e c t s  wh i ch w e r e  t h e  s ame 

a s  t h o s e  o f  MANOVA I a f t e r t h e  P - e f f  e c t  h a d  b e e n  p u t  i n t o  t he 

E r r o r- term , n ame l y : 

W - , N - , S - , WN- , and N S - e f f e c t . 

1 2 . 4  M a i n  e f f e c t s : 

S c r u t i ny o f  t h e  ma i n  e f f e c t s  w i l l  b e  d i s c u s se d  i n  b r i e f : 
F a c t o r  P s h o w e d  r a t he r  inequal di s p er s i o n s o f  d u r a t i o n  r a t i o s  f o r 

f o u r  spe ak e r s . A l s o  t h a t  s p e ak e r s  a r e  d i s t i n g u i s h e d  b y  
t h e i r  f un d ame n t a l  f r e q u e n c y  r a t i o s , b u t  mo s t  of  all b y  

t h e i r  ampl i t u d e  r a t i o s . 

F a c t o r  W ;  h e re w e  s e e  t h a t  wo r d s  a r e  d i s t i n g u i s h e d  b y  d u r a t i o n  

r a t i o s , e s p e c i a l l y  refund, b y  f un d ame n t a l  f re q uency ra t i o s 

e sp e c i a l l y i n c r e a s e ,  a nd b y  amp l i t u d e  r a t i o s , e s p e c i a l ly 

o v e r h a u l  a n d  i mpo r t . 
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F a c t o �  N ;  d u ra t i o n r a t i o s  we r e  not i mp o r t a n t  d i s t i ng u ish i ng 

f a c t o r s f o r  !_'1_£�n - v�rb o p p o s i t i o n s , b u t  f u n d am e n t a l  

f r equ e n.5:.1_ E_�t i o s  w e r e  i m p o r t a n t .  Th i s  i n  a c c o rda n c e 

w i t h  t r a d i t i o n a l  d i s c r i p t i o n s  o f  M i ni m a l  W o r d  P a i r s . 

Amp l i t u d e w a s  s e e n t o  b e  l e s s  i mp o r t an t , c o m p a r a t i v e l y 

speak i n g , t h a n  f u n d amen t a l f r e q u e n c y . 

F a c t o r  S ;  d ura ti o n r a t i o s  w e r e  n o t  i mp o r t a n t  di s t i ngu i s h i ng f a c ­
t o r s  when d i f f e r en t i a t ing " i n s i d e " - " o u t s i d e "  t h e  i n t o ­
nati o n  n u c l e u s . T h e  amp l i t u d e r a t i o s  w e r e  of s o me i mp o r ­

t an c e , but f u n d a men t a l  f r equ e n <.:2'._ r a t i o s  w e r e  t h e  most 

i m p o r t a n t .  S e n t e n c e  i n t o n a t i o n o r  t h e  a b s e n c e  o f  i t  s e ems 

t o  b e  m e a s u r a b l y  d e p e n d e n t  o f  f und ame n t a l f r e qu e n cy 

r a t i os. Ag ain not a startl i ng new d i s c o v e r y . 

1 3 .  C o n c l u s i o n  

The p o i n t  o f  d e p a r t u r e o f  th i s e x p e r i me n t  w a s  t o  s e e i f  s en t e n c e 

i ntonati o n  could b e  s h own t o  b e  o f  de � i s iv e i n f l u e n c e  in t h e  

perc e p t i on o f  a s el e c t ed g r o u p  of MWP . S e l e c t e d  i n  su c h a way 

that the p o w e rfu l c u e  o f  f o r ma n t  s t r u c t u r e s  ( we h o p e d )  w e re o f  

i n s i g n i f i c a n t  i mp o r t a n c e whe r e  t h e  d i s t i n c t i o n  noun/ v e r b  w a s  

c o n c e r n e d , s o  that the p r i m a r y d i s t i n c t i o n  i n  a n  i n t o n a t i o n  

nuc l eu s / out s ide an i n t o n a t i o n  n u c l e u s  c o u l d  be t es ted .  

The hy p oth e s i s  t h a t  i t e m s  " o u t s i d e 11 a n  i nton ation n u c l eus c o u l d  

n o t  b e  recognized a n d  that t hose 1 1 i ns i d e 11 one c o u l d ,  wa s no t 

r e f u t e d . 

H o wever , n o u n s  h ad a s i gn i f i c an t ly h i g h  s c o r e  i n  t h e  con f u s ion 

matr i x ,  s h o w i n � a p re f e r e n c e of the l i s t eners for no uns i n  g e nera l . 

The noun and v e r b  i t em s "ins i d e "  t h e  i n tonation n u cleus were 

c omputed w i th x 2  a n d z - s c o r e s .  Nou n s w e r e  s c o r e d with a v e r y high 

s i g n i f i c a n c e  . a t e . 

The f ig u r e  f o r  v e r b s w a s  s i g n i f i c a n t  b u t  f a r  les s s o  than the 

f i gu re f o r  n oun�. 

T h e  r e l i a b i l i t y  f i g u r e ( 0 , 3 2 )  f o r  t h e  v e r b s  - i n s i d e  ( 2  - I )  
te st wa s s u c h  t h a t  o n e  m i g h t r i gh t l y  h ave so me d o u b t s  a b o u t  t h e  

sta t u s o f  t h i s  t e s t . A r e p e a t  o f  t h e  t e s t  migh t h av e  a d i fferent 

out c ome . This i n  c o n t r a s t t o  t h e  n o u n s - i n s i d e  ( l  - I )  t e s t 

wh i ch h a d  a h i g h  r e l i a b i l i t y f i g u r e  ( 0 , 8 9 )  
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Which o f  the phys i c a l  parame ters me asured were a t  work in t he 

e xpe rim e n t  

The N - e f f e c t  ( noun-verbs oppos i t ion s )  was o f  p ar t i c ular 

inte res t .  Here f undame n t a l  freq uency r a t io s  we r e s h own t o  have 
been o f  impor tan c e  (see F ry ' s  s e c o nd " s.ub' '  t e s t ) , b u t  amplit u cl-e 

r a t ios a lso p l ayed a par t . 

The P - e f f e c t  in MANOVA I I I ,  where ampli t u d e  ra tios were le f t  

o u t  o f  cons ide r a t ion was n o t  s ignifican t . 

Thi s  and t he N - e f fec t po i n t s  t o  t he impo r t ance o f  amp l i t u d e  

ratios . 

Re fund doing wor s t  in t h e  per cept i o n tes t may mean ( an d  this is : a  

t e n t a tive s u g ge s tion ) t h a t  q u a li t y  dif ferences were not , on t he 

who l e , a t  wo r k  i n  the d i s tinc tion noun - ve rb . O n  t he o t her hand. 

i t  mi ght als o me an t h a t  t his item is not s tre s s - dif feren t iatin g .  

Why in s ul t  did s o  we ll i s  more dif f i cult t o  a c c o u n t  for . 

P e r h ap s  t his i tem had a clear s tr e s s  - opposition . 

1 4 . D i s c us sio n . 

I n  t h i s  e xperime n t  we w a n t e d  t o  f o l low c e r tain we ll-known 

e xpe rime n t s  w i th the a f or e - s aid p a r ame t e r s .  This do e s  n o t  imp l y  

tha t o t he r  p a r ame ter s m i g h t  n o t  p l a y  t heir par t  - e spec i a l l y 

form a n t  f r e q u e n c ies - in the phys i c al r e alit y  o f  the M i n imal 

Word P a ir s . I f t h i s  s h o u l d  be t he c a se ther e c an be no q u � s tion 

of M i n im a l  Word Pa i r s  in t he c l a s s i c  s ense . 
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APPENDIX I 

6 = Insult ( 1 - 1 )  6 :;:; Insult ( l - 2 ) ----

T T F F A A T T F F A A 

l 2 1 2 1 2 1 2 1 2 l 2 

l 80/ 1 50 1 4 2 / 1 0 8  2 0 / 1 7  1 5 0 / 1 5 0  8 8 /  7 6  5 / 1 2  

2 8 0 / 1 4 0  1 3 3 / 1 4 3  1 6 / 2 5  2 6 5 / 1 00 1 33 /  8 6  1 8/ 2 5  

3 4 5 / 1 5 0  1 5 4 / 1 0 0  1 0 / 1 8  3 1 2 0 / 1 1 0  1 4 3 / 1 0 9  1 7/ 1 5  

4 7 5 / 1 4 5  1 3 3 /  7 2  3 1 / 30 4 3 S / 1 2 0  9 1 /  7 1  1 5 / 1 1  

5 8 5 /  9 0  1 2 1 /  8 4  2 0 / 2 9  5 5 0 / 1 0 0  1 0 0 /  7 5  1 0 / 1 1 
6 4 5 / 1 1 0  1 1 8 / 1 2 2  1 1/ 1 5  6 4 0 / 1 2 0  1 1 1 /  9 7  5 / 1 3  

7 7 0 / 1 50 1 0 0 /  7 1  1 6 / 1 6  7 5 0 / 1 0 0  . 6 4 /  6 2  1 2 / 2 9  

8 8 0 / 1 5 5  1 1 7 /  9 4 .  2 8 / 4 8  8 4 5 / 1 2 0  1 0 0 /  8 9  1 1 / 2 7  

9 1 2 5 / 1 1 0  1 3 3 /  9 5  3 2 / 2 2  9 5 0 / 1 2 5  2 0 0 /  9 7  1 4 / 1 7  

1 0  50/ 1 1 5  1 33/ 1 1 5  2 2 / 2 7  1 0  6 0 / 1 2 5  1 0 5 /  9 0  2 0 / 2 5  

6 .= Insult {2 - 1 )  6 ::: I ns u l t  ( 2 - 2 )  

T T F F A A T T F F ·A A 

l 2 1 2 1 2 l 2 l 2 l 2 
1 5 0 / 1 5 0  1 8 4 / 1 3 9  1 0 / 2 2  l 4 0 / 1 5 0 8 2 /  7 6  1 2 /  7 

2 ao; 1 2 s  1 4 3 / 1 6 7  2 2 / 2 5  "' 2 7 5 / 1 0 0  1 2 5 / 6 8  2 7/ 1 8  

3 5 0 / 1 4 0  1 2 5 / 1 4 3  1 2 / 1 8  3 5 0 / 1 2 0  1 0 8 / 1 4 3  1 1 / 1 2  

4 7 5 / 1 0 5  1 3 3 / 1 2 5  2 5 / 2 3  4 1 1 5 / 1 2 0  7 1 /  76 2 4 / 2 7  

5 6 0 / 1 1 0  1 1 4 / 1 2 6  1 0 / 1 8  5 5 0 / 1 4 0  1 0 0 /  9 4  1 5/ 3 0  

6 4 5 / 1 2 0  1 3 3 / 1 0 8  2 0 / 1 5  6 3 5 / 1 2 0  1 1 7 / 1 4 3 1 3/ 2 1  

7 2 5 / 1 1 5  9 5 / 1 1 4  1 2/ 2 5  7 4 0 / 1 0 0  1 1 7 / 1 1 7  1 7/ 3 0  

8 7 5 / 1 2 5  1 0 5 / 1 0 0  1 6 / 3 4  8 3 5 /  9 5  7 4 /  9 5  9 / 2 1  

9 8 0 /  7 5  9 5 / 1 7 .;  2 5 / 4 8  9 4 5 / 1 2 0  8 7 / 1 1 9  7 / 2 5  

1 0  6 0 / 1 1 5  1 1 8 / 1 5 4  2 4 / 3 8 . 1 0  5 0 / 1 7 5  9 5 / 1 1 1  1 1 / 1 9  

.. 

' .  
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APPENDI X  I I  

3 = Refund ( l - 1 )  3 = Refund ( l - 2 )  

T T F F A A T T F F A A 

1 2 1 2 1 2 1 2 1 2 l 2 

1 1 1 5/ 8 5  1 25 / 1 0 0  1 7 / 2 3  1 1 0 0 /  50 1 1 9 / 1 4 9  2 0 / 3 1  

2 1_3 0 / 1 3 0  1 5 4 / 1 2 9  2 3/ 2 3 .  2 1 2 5/ 1 4 0  1 7 5 / 1 5 4  2 3/ 2 0  

3 7 0 / 1 2 5  1 2 5/ 9 5  1 2 / 2 2  3 9 5 / 1 2 0  1 4 3/ 1 2 9  2 3 / 2 2  

4 1 1 5 / 1 1 5  9 6 /  80 2 3 / 2 4  4 1 0 0 /  9 0  7 4 /  75 1 3/ 2 0  

5 9 0 /  9 0  1 0 5/ 9 2  2 3/ 2 0  5 1 0 0 /  9 5  8 0 /  7 4  2 1 / 2 0  

6 1 0 0 /  7 5  1 2 5/ 8 7  1 5/ 2 5  6 1 2 5/ 7 5  8 7/ 1 17 1 5/ 1 9  

7 1 5 0 /  8 5  1 0 0/ 6 8  2 3 / 1 6  7 2 0 0 /  9 5  6 6 /  7 1  1 6 / 2 2  

8 9 5 / 1 0 0  1 2 5/ 9 3  1 4 / 1 7  8 1 1 0/ 9 5  1 0 0 /  9 5  1 2/ 1 2  

9 5 0 /  9 0  1 1 8/ 9 3  1 9 / 3 3  9 7 0 / 1 3 0  9 5 /  9 2  1 0 / 1 9  

1 0  8 0 / 1 1 0  1 2 5 / 1 1 1  1 3/ 2 1  1 0  1 10 / 1 0 0  9 5/ 87 1 2 / 1 6 

3 = Refund ( 2 - 1 )  3 = Refund ( 2 - 2 )  

T T F F A A T T F F A ,. 
1 2 1 2 1 2 1 2 l 2 l l 

l 1 30 /  9 0  1 1 9 / 1 4 9  2 0 / 3 1  l ?S/ 50 6 0 /  5 0  7 / 1 1  

2 1 4 0 / 1 1 0  1 7 5 / 1 5 4  2 3 / 2 0  2 1 4 0 /  8 0  1 1 8 / 1 2 9  8 / � 2  

3 1 2 5/ 9 0  1 4 3 / 1 2 9  2 3 / 2 2  3 60/ 95  1 0 0 / 1 0 3  1 5 / 2 5  

4 1 2 5/ 9 0  1 5 4 / 1 2 5  2 4 / 2 6  4 5 5 /  6 5  6 2 /  7 5  1 0 / 1 0  

5 9 0 /  8 5  1 2 2 / 1 0 0  1 2 / 2 0  5 1 1 0 /  7 5  9 0 /  7 1  2 0 / 2 9  

6 1 2 0 / 1 0 0  1 2 5 / l l. l  1 9 / 2 3  6 7 5 / 1 0 5  8 6 /  9 3  2 0 / 2 0  

7 1 2 0 /  9 5  1 05 /  9 1  2 5/ 1 6  7 1 2 5/ 75 7 1 / '  7 3  l J. / 1 5  

8 9 5 / 1 0 0  1 3 3 /1 1 8  2 0 / 2 3  8 9 5 /  9 0  9 1 /  9 5  1 5 / 3 0  

9 6 0 /  5 0  1 0 5 / 1 5 4  1 5 / 4 3  9 1 0 0 /  6 5  8 1 /  80 1 1 / 3 3  

1 0  1 50 /  9 0  1 4 3 / 1 2 5  2 5 / 2 2  1 0  1 0 0 / 1 0 0  1 0 0 / 9 5  l l / 2 3  

l 
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F I GURl.: I 

D i s t r i b u t i on o f  l i s te n e r s ' respon se s  
to the s i x word s . 

d i s count. ove r h a u l  re fund 
J 0 "  I � ! 
..LSo · 

impo r t  i n c r e a s e  i n s u l t  

- - - =" c h a n c e  a i  s t r  i b u t.. i on 

! = ' i n s i de - noun ' 3 = ' i n s ide-ve r b ' 
2 =-: ' o u t s i dc - noun ' 4 = ' ou t s i de - v e r b ' 

1 = 2 1 3  1 = 2 2 1  1 = 1 9 1  1 = 2 3 3  1 = 2 2 8  

2 = 1 7 3  2 =  l 1 0  2 = 1 2 6  2 = 1 7 8 2 =  1 S 9  
) :.:: l 7 G  .3=:: 2 0 8  3 =  9 9  3 = 1 4 0  3 = 1 4 2  

4 = 1 6 5  4 � 1 7 G  4 = 1 7 9 4 = 1 4 2  4 =  8 9  

7 2 7  7 1 5  5 9 5  G 9 �l 6 1 5  

1 = 2 3 1  

2 :.::' 2 0  l 
3 =-= 2 3 0  

4 = 1 2 0 

7 8 2  
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F l G Uffo I l  

U i s t r i b u t ion o f  l i s te n e r s ' responses to the t e n  speaker s . 
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- - - = chance d i s t r i b u t ion 

l = ' i n s ide- noun ' 

2 == ' o u t s i de- noun ' 
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J r 3  

3 = ' i n s i de - v e r b ' 

4 = ' o u t s i d e - ve r b ' 
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