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T h e title  is an  EITHER -  OR question . T h e  p ap e r w ill p robab ly  reveal th a t the  an sw er m u st be  BOTH 
-A N D .

In  th is  p ap er a  report w ill be  g iven  o f  th e  w ork  w ith  the  p ro jec t ‘N orw eg ian  le a rn e rs ’ p rob lem s 
w ith  E ng lish  prosody . N orw eg ian -E ng lish  i n t o n a t i o n T h e  focus w ill b e  o n  h in d ran ces m et w ith , 
w hen  chang ing  from  an auditive to  an  acoustic  analysis o f  in tonation , a t the  sam e tim e  as  there  w ill 
be an  attem pt to  show  how  m o d em  research  can  be  a h e lp  to  overcom e d ifficu lties. F in a lly , resu lts  
arrived at h n m  a de ta iled  study  o f  th e  use o f  p itch  range b y  W estern  N o rw eg ian s w ill be  p resen ted  
and com pared  w ith  o th er studies.

A n  auditive phonetic  e rro r analysis  o f  the  in tona tion  o f  N orw eg ian  studen ts o f  E ng lish  w as started  
som e years ago. T h e  m ateria l used  w as a  selec tion  o f  read ings, consisting  o f  a  3 -m inu tes ’ d iagnostic  
tes t fo r 1st term  students, co llected  at E nge lsk  institu tt, U n iversite te t i B ergen , from  1977 to  1989.

R esu lts from  the aud itive  analysis (o f  160 sam ples, rep resen ting  readers from  all parts  o f  the 
country) have been  pub lished  earlie r (cf. L ysne  1 9 8 5 ,1 9 8 8 ). A s it is  genera lly  ack n o w led g ed  that 
to  rely  on ly  on  auditory  analysis o f  speech  is n o t satisfacto ry , it  w as tem pting  to  tes t the  aud itive  
results instrum entally . H ow ever, in  the  litera tu re , fo r  instance  in  the w orks o f  the  ‘D u tch  School* 
(cf. W illem s 1982; de P ijp e r 1983; C o llie r 1989; and  t ’H art e t al. 1990) it is  em phasized  tha t 
instrum ental analysis o f  in tonation  is far from  sa tisfac to ry , too .^  In  b rief, th e  ‘D u tc h ’ m ethod  o f  
analysing  in tonation  am ounts to  s tarting  w ith  a  detailed  acoustic  analysis  o f  th e  fundam en ta l tone 
(Fo), the physical co rre la te  o f  PITCH, w hich  is w hat w e h e a r as speech  m elody  o r  INTONATION. 
B y  the  aid  o f  aural contro l and sty lized  resyn thesized  curves C o llie r and T erk en  (1 987) arrive  at a 
‘close co p y ’ o f  th e  F o  curve by  e lim inating  excu rsions in  the  orig inal cu rv e  w h ich  can  b e  de le ted  
w ithout affecting  the  aud ito ry  im pression  o f  ‘sam en ess ’̂ a tu ra ln e s s . T h e ir  ‘c lo se  c o p y ’ v a rian t 
‘m ain ly  elim inates the M icro -in tonational m odu la tions from  the F o  cu rv e  (cf. be low ) and respects  
w hatever varia tion  th ere  is  in  the overa ll shape o f  th e  ind ividual p itch  m o v e m e n ts ...’ (ib id . p . 166).

T h is k ind o f  research  reveals  th a t there  is  a  g rea t am oun t o f  irre levan t in fo rm atio n  in  an  acoustic  
represen tation  o f  in tonation , som eth ing  also  underlined  b y  C rystal (1969) and  G ib b o n  (1976) 
am ong o thers. T h u s faced w ith  instrum enta l analysis, th e  inexperienced  p e rfo rm er can  easily  b e  
confused. H ow ever, conso la tion  is  found  in  e.g . C o llie r (1989). C o llie r advocates th e  ‘percep tual 
d e to u r’, underlin ing  strongly  tha t ‘percep tual v e rifica to n ’ is o f  m a jo r im portance  in  the  analysis  o f  
in tonation . It is apparen t tha t som e o f  th e  in fo rm ation  in  the  sound cu rve  th a t m ay  b e  labe lled  
irre levant m ay lie  above the  frequency  threshold  o f  hearing , bu t o u r  p ercep tio n  appara tus seem s to  
w ork  like a filter, ignoring  irre levan t signals. T h e  com puter, on  the  o th e r hand , do es n o t igno re  
anything, and th is is w here the  p rob lem s lie  fo r an  on ly  aud itively  tra ined  ph ilo log is t, w h o  is used  
to  draw ing  sim ple lines to  illustrate  in tonation  pa tte rns (cf. fig . 1). N everthe less , w h a t is  perce ived  
by a trained ear, m ay  p rove to  be ju s t  w hat is  needed  in  a  pedagog ical s ituation . A ctually , very  little
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ex perience  in  s tudy ing  sound  curves on  the P C  is  needed  in  o rd e r to  understand  w arn ings o r 
recom m endations like ‘Y ou m ust rely  on  yo u r ea r and  no t on  w hat you see on  the sc reen ’ (C ollier, 
p e tso n a l com m unication), and T r u s t  y o u r e a r ’ (D ickson , personal com m unication).

TIHE; sec mZ\ 8 [ C l

STATISTICS
LENGTH: 2.943s 
FRAHES; 118 
VOICED! 83
A.nEAN! 221 Hz 
e.NEANi 228 Hz 
nEDIANi 221 Hz 
ST.DEU! 34 Hz

Figure 1: MSLPITCH curve representing "William went to bed very early that evening' (not cleane or 
repaired).

Extralinguistic and practical problems
B efo re  lo ok ing  at w hat is  perce ived  o f  the  speech  signal (o r  h o w  w e perce ive), it m igh t be  useful 
to  look  a t ex tra lingu istic  and  prac tica l h indrances encoun tered  in  d ig itiz ing  speech  (and  in  acoustic  
analysis):

A t th e  w orst, s ignals  d ig itized  and  ^ )p e a rin g  on  th e  screen  m ig h t rep resen t no ise  from  the 
eq u ip m en t used . F u rth er, u n sa tisfac to ry  quality  o f  the orig inal tape  reco rd ing  m igh t be  a  problem  
in  case  th e  m ateria l w as n o t m ean t to  be used  fo r  acoustic  analysis.^  W rong  c lock  ^ )eed  o f  the PC 
in  re la tion  to  speech  tem po  m igh t be  ano ther problem .^  In  th is  las t case cau tious ad justm ent is 
e ssen tia l in  o rd e r  to  secure co rrec t and  iden tica l p rocessing  o f  all the  m ateria l. I t is  the d ig itiz in g - 
p ro c e s s  w h ich  is  sensitive  to  co rrec t clock  speed , th e  p rocess o f  analysis o f  d a ta  is no t affected.

T h e  F o  lim its  o f  th e  norm al h u m an  vo ice  are w ell know n, as are a lso  the  perceptual lim its o f  tcmal 
frequency  (cf. L adefoged  1972). H ow ever, in  re la tion  to  the  percep tion  o f  r u n n in g  sp eech  G a rk  
and  Y allop  (1990) strong ly  underline  th a t percep tion  is relative. T h is  a lso  applies to  ‘the perception  
o f  sound , s tud ied  u n d e r th e  head ing  o f  PSYCHOACOUSTICS’ (ib id . p .208). C oncern ing  this 
p rob lem  t ’H art e t al. (1990 :10 ) m ain ta in  tha t ‘...the psychoacoustica lly  defined  thresholds do  not
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account fo r the selective sensitiv ity  o f  th e  lis ten e r w hen  ex tracting  p itch  in fo rm ation  from  the  speech  
s ig n a l .... the lis ten e r applies se lec tive  a tten tion  in  the  percep tion  o f  p itch  in  sp eech ’.

F rom  w hat has been  said  above one  m igh t conclude  th a t the  co m p u te r w ith  its acoustic  analysis 
b rings forth  and  show s de ta ils  in  an  F o  cu rve  w hich  are  lingu istica lly  irre levan t and  w h ich  w e are 
liab le  to  ignore  as listeners.

W hat w e perce ive  o f  tone  in  speech  depends o n  several facto rs. Q uan tity /tim ing  is  a d ec is iv e  
factor.^ A ccord ing  to  F ay  (1966 :16) ‘T im e... is  ex tensively  invo lved  in  th e  m an y  ph ases  o f  th e  to tal 
auditory  process. ’ G ibbon  (1976:52) says ‘P rosod ic  fea tu re s ... are  genera lly  defiried w ith  reference  
to  the  tim e  d im e n s io n ,... w h ich  leads to  th e  vex ed  question  o f  th e  lin g u is tic  re levance  o f  sta tic  
tra jec to ries o r  po in ts  in  tra jec to ries com pared  w ith  dynam ic  tra jec to rie s '. G ibbon  (ilad . p . 5 5 ) a lso  
says ‘p itch  percep tion  requires at least 20  -  25  m secs ev en  fo r  s ta tic  tra je c to r ie s .... and  th u s  can n o t 
be  abstracted  from  the tim e  d im en sio n ’. G ib b o n ’s ‘vexed  q u estio n ’ refe rs  to  th e  fac t th a t i f  a m o v in g  
tone  ( ‘dynam ic tra jec to ry ’) occu rs  im m edia te ly  befo re  o r  a fte r a level tone  ( ‘s ta tic  tra jec to ry ’)  it  is 
the  relative du ration  o f  the tra jec to ries w hich  determ ines w h e th e r w e h e a r  a  m o v in g  tone  o r  a level 
tone  (cf. B randt 1976). A  sudden  peak  o f  sho rt du ration  is  no t heard  in  a  sm oo th  sequence .

In  the  p resen t study  it  has been  n ecessary  to  tak e  in to  accoun t the tim e  d im ension  espec ia lly  w h en  
clean ing  F o  curves. T h is  is necessary  in  cases w here  th e  shape o f  d ie  cu rv e  d o es  n o t co rrespond  
w ith  w hat w e h e a r o f  TONE w hen  lis ten ing  to  the  signal. F rom  w hat has been  sta ted  so fa r  it  shou ld  
be c lear tha t it m ig h t be necessary  fairly  o ften  to  rep a ir o r  c lean  th e  acoustic  cu rv e , w h ich  can  
con ta in  such  a lo t o f  fau lty  in fo rm ation , in  o rd er to  m ake  it ap p ear m ore  lik e  w h a t it  sounds. O bvious 
no ise  is easily  detected  and  dele ted , and so is  s trong  asp iration  and b rea th  wrcxigly co m p u ted  as 
vo iced  (cf. figs. 1 and 2). F urther, w e find  the so-called  OCTAVE JUMPS: I f  F o  lack s in ten sity  one  
o f  the HARMONICS m igh t show  up  instead^ (cf. end  o f  f ig .l) . T h e  p itch  perce ived  w ill still b e  tha t 
o f  the  fim dam ental, w hich  m eans tha t w e h ea r a  lo w er tone  than  the one  appearing  in  th e  F o  cu rve , 
and reparation  is  necessary  (cf. fig . 1)P T his is  o ften  th e  case in w e a k ly  p ro n o u n c e d  e n d in g s : A  
low  tone is heard  and the signal is  reg istered  to  have  a h ig h er H z-value , (som etim es show ing  a  sharp  
rise w hich  is no t th ere  -  and ‘w hich  w e canno t m ake  o r  h e a r’ (H enn ing  R ee tz , personal com m uni­
cation).*

WEAK ENDINGS posed  a g rea t unfo reseen  problem  in  the  p itch -range  analysis. H ere  o n e  h as  to  
find the  h ighest and the  lo w est H z-value in  the  un it, and the  lo w est va lue  w ill o c c u r a t th e  end  o f  a 
long  unit, especially  so in  a s ta tem ent convey ing  new  inform ation . Sørensen  and  C o o p e r (1980 :407) 
affirm  that ‘T h e  general d irec tion  o f  F o  in  a  sen tence  is dow nw ard . ...T h is genera l fall h as  been  
term ed F o  dec lina tion .’ G a rk  and Y allop  (1 9 9 0 :2 8 5 ,2 8 6 ) say  tha t there  ‘^ q ie a rs  to  be  an  a lm ost 
un iversal tendency  in  language, nam ely  a  m odera te  p rogressive  fall in  p itch  from  the  beg in n in g  to  
the  end o f  any  sequence o f  speech  o f  appreciab le  le n g th . . . . T h ere  has b een  co n sid e rab le  deba te  
abou t the  status and  causes o f  d e c lin a tio a  I t  has a lso  been  suggested  th a t dec lina tion  e ffec ts  are  
observed  m ain ly  in  read ing  aloud,... and  th a t they  a re  m uch  less  no ticeab le  in  th e  pa tte rn s  o f  in fo rm al 
sp eech ’.^ A n im portan t p o in t in  th is  d iscussion  w ould  be  th a t the lingu istic  u n its  in  in fo rm al speech  
w ill be sho rte r th an  sen tences (cf. B row n  and  Y ule  1983). T h u s  it  is  reasonab le  th a t w e  w ill g e t 
lo n g er un its in  read ing , w h ich  is  based  o n  w ritten  tex t con ta in ing  co m p le te  sen tences. T h is  w ould  
m ake th e  dow ndrift m ore n o ticeab le  in  reading. A ccord ing  to  L eh iste  (persorud co m m unica tion ) 
’T h e  lo n g er the  u n it the  h ig h er th e  onse t h as  to  b e .’ S ørensen  and C o o p er (1980) v e rify  th a t there  
is  a  tendency  fo r F o  to  start h ig h er a t th e  beg inn ing  o f  a  lo n g er c o n s titu e n t C f. a lso  B ro w n  e t al. 
(1980:132): ’... it does seem  that w hen  the  sp eak er has m o te  g round  to  co v e r sh e  b eg in s  h ig h e r’.

M IG lO  INTONATION (cf. p . 1 above) has to  be tack led  as a  special id ienom enon . T h e  term  refe rs 
to  se g m e n ta l in flu e n ce  o n  th e  F o  c u rv e  o f  w h ich  there  a te  tw o  types: the  in trinsic  p itch  o f  vow els 
and  the  in fluence o f  a cm isonant o n  th e  p itch  o f  a  fo llow ing  vow el (cf. L eh iste  1970, L ad d  and  
S ilverm an 1984, and R einho lt P e tersen  1986). G o s e  vow els w ill have  h ig h er p itch es  than  o pen  
vow els. ‘Inherent F o ’ is ano ther term  fo r th is  (Scheffers, personal com m unication). A ccord ing  to
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L eh iste  (ib id .) in trinsic  p itch  appears to  be  a  physio log ica lly  conditioned  universal. T he p itch  o f  a 
vow el w ill in  add ition  b e  increased  b y  a preced ing  vo iceless consonan t and low ered  by  a voiced 
co nsonan t in  th e  sam e position . T h is  type is referred  to  as ‘contextual F o ‘ (Scheffers, ibid.), and 
‘co a rd cu la to ry  F o  flu c tu a tio n s’ (R einho lt Petersen , ib id .). Q a rk  and  Y allop  (1990:282) sta te  that 
‘T h e  reasons fo r  th is  cond ition ing  o f  p itch  are  no t fu lly  u n d ersto o d .’ A nd t ’H art e t aL (1990:14-15) 
co n ten d  th a t m ic ro  in tona tion  ‘causes  pertu rbations, no t in tended  b y  th e  speaker. E v iden tly , such  
p e r tu rb a tio n s ... c an n o t be  considered  as  constituen ts o f  the p itch  co n to u r as a  lingu istic  en tity ; bu t 
th ey  m ak e  th e  in terp re ta tion  o f  F o  curves in  term s o f  underly ing  in tonation  pa tte rns  all the  m o te  
d ifflcu lL ’

T1HE: 2.98819 sec VALUE: 0 C C ]

S M IIS IIC S

'R8I1E; 104 ( 2.569 - 2.594 sec) PITCH: 0 Hz LEVEL: 34

LEN6TH! 2.943s
FRAHESi 118
WICED; 59
R.HEAN! 213 Hz
6.HEAN: 212 Hz
HEDIAN: 229 Hz
ST.DEU: 33 Hz

Figure 2: MSLPITCH curve representing 'William went to bed very early that evening' after being cleaned 
and repaired.

Inexperienced  in  th e  fie ld  o f  acoustics I  w elcom ed th e  fo llow ing  sta tem ents on  m icro  in tonation  
b y  M  S cheffers (ib id .), ‘T h ese  e ffec ts  are  re la tive ly  sm all in  size  (som e percen t) and d ifficu lt to  
d istin g u ish  in  th e  F o  co n to u r o f  a ph rase  because  th ey  are  o f  th e  sam e o rd e r  o f  m agn itude  as the 
in accu racy  o f  th e  F o  analysis  m e th o d .... n o  analysis m ethod  is p e rfe c t’ and  ‘you have to  learn  to  
d e tec t e n o rs  in  F o  m e a su re m e n ts .... In  teach ing  in tonation  in  a foreign  language , how ever, you 
can  sa fe ly  ig n o re  th ese  m in o r F o  excu rsions since  it is  g enera lly  agreed  th a t they  are involuntary  
an d  p h y sio log ica lly  d riv e n ’. O bv iously , in  a  learn ing  situation  any th ing  physio log ica lly  d riven  w ill 
co m e  natu ra lly . In  m y  analysis  I have  fo llow ed  C o llie r and T erk en  (1987) de le ting  signals w hich 
are  im possib le  to  d e tec t aud itive ly  (cf. fig . 1). (H ow ever, in  one  o f  m y  sentences (m  7) it seem s as 
i f  in trinsic  p itch  and  co -articu la to ry  Fo m ig h t have  an  im pact to  be  counted  w ith (cf. below ).

W e shall n o w  tu rn  to  a m ore  detailed  p resen tation  o f  a  su rvey  o f  the  use o f  p itch  range (PR) o f  
studen ts o f  E n g lish  from  W estern  N orw ay (H ordaland  m o te  p recisely ; 4 7  m ale  and 74 fem ale
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inform ants). A s sta ted  above, find ings from  the  ea rlie r aud itive  analysis  w ere  to  b e  corttro lled  by  
look ing  at the  acoustic  features o f  p rob lem s observed  and listed . T h e  reasons fo r  lo o k in g  in to  PR 
first w ere m ain ly  p ractical. In tonation  stud ies dem and un its  covering  a certa in  stre tch  o f  speech . 
A nd thus the first sen tence o f  the  story  read w as d ig itized , rep resen ting  an  ‘in tona tion  u n it’ in  m ost 
o f  the readings.^  ̂  In tonational ‘e rro rs ’ lis ted  (cf. no te  10) w ere  expected  to  ap p ear w ith in  the u n i t  
(T o  start w ith  d ig itiz ing  th is  sen tence  w as a  p a rt o f  learn ing  to  u se  the  M SL prog ram m e. In  ad d itio n  
it  w as a  w ay  o f  becom ing  fam iliar w ith  th e  un k n o w n  activ ities o f  d ig itiz ing  speech  and  analysing  
acoustic  s o ^  curves).

E v en  a t  a  very  ea rly  stage  I had  a  n o tio n  th a t ana lysing  on ly  the firs t sen tence  w ou ld  be 
unsatisfac to ry  as a  b asis  fo r PR -studies. T h erefo re , fo r  som e in fo rm an ts tw o  s im ila r  sen tences (4 
and  6 ) w ere d ig itized  as w ell. T h ese  have  n o t been  system atica lly  analysed  y e t  P ro fe sso r L eh iste  
(personal com m unication) suggested  th a t look ing  at tw o  m o re  sen tences (7  and 12) m ig h t be  
in teresting . T h e  reasons g iven  w ere  th a t sen tence  7  rq rre sen ts  a yes-no  question , an d  sen tence  12 
w ould  g ive  the  lo w est possib le  F o  value , m ark ing  finality.^^ A ctually , as fo r  sen ten ce  7  an  ex tra  
h igh  onset m ight be expected , caused  by  a  m ax im um  effec t o f  m icro  in tonation : a  v o ice less  fricative 
ill  p receding  the close  vow el M .  B ut, seen  in  re la tion  to  sen tence  1, th e  PR -value o f  sen tence  7 
varies from  in fo rm ant to  in fo rm ant as ‘T h e  effec t o f  vow el in trinsic  p itch  is  n eg lig ib le  in  unaccen ted  
sy llab les’ (Ladd and  S ilverm an  1984:31). A nd som e readers have stressed  she  w hereas o thers have 
noL̂ ^

It is w orth  no ting  th a t the  read ings u sed  fo r  th e  auditive analysis (fiv e  from  each  area) w ere  n o t 
all su itab le  fo r instrum ental analysis. In  sp ite  o f  the  fac t th a t these  had  been  carefu lly  se lec ted  as 
‘good read ings’ and fit fo r auditive analysis, v e ry  few  could  be  used  fo r acoustic  analysis. T h erefo re , 
the  final results reported  here  co v e r qu ite  a  few  o th e r in fo rm ants, and m any  m ore  in fo rm an ts from  
each  area. A ccord ing  to  P ro fesso r V ic to r Z ue, M IT , O ecture, E d in b u rg h , 1988) one  n eed s  a  g reat 
am ount o f  da ta  in  o rd er to  d raw  conclusions from  acoustic  m easurem ents.^^  T h u s  th e  p lan  o f  u sing  
read ings by  native  R P  speakers am ong o u r studen ts fo r  com parison  had  to  be  d ropped  fo r lac k  o f  
enough  data. T h e  U C L  study  (B arry  e t al. 1989; cf. fig . 3) w as w elcom ed  fo r com parison .^^

R esu lts o f  the study reported  he re  com pared  w ith  those  o f  the  U (X -s tu d y  a te  illu strated  in  fig.4. 
T he histograrrunes illustrate  a m arked  d ifference  in  the  use  o f  p itch  range o f  the N o rw eg ian  s tuden ts 
from  H ordaland and R P  speakers.

T ab le  2a. 90%  range in  octaves from  1 st-o rder D x analysis fo r 2  m ale  and 2  fem ale  na tive  speakers 
in  6  languages

S p e a k e rs

F.1 F 2 M.1 M.2
Danish 0.67 0.59 0.51 0.47
Dutch* 0.71 0.67 0.47
English 1.30 1.15 1.03 1.03
French 0.47 0.99 0.55 0.79
Getman 0.71 0.55 0.59 O J l
Italian 0.83 0.67 0.71

Figure 3. Table borrowed from  Barry et al. 1989.
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DISTRIBUTION OF OCTAVES
Western Norwegian female students

number of informants

Western Norwegian male students
number of informants

Figure 4: The lower values given for English (RP) (fig. 3) are indicated here. Both histogrammes show that 
more than 90% o f the Norwegian informants use a pitch rang lower than that indicated for English. (A few  
falsetto voices cause the mean value in the male-student histogramme to appear too high).
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It is also  in teresting  to  see th a t the  octave  values fo r D an ish  in  fig. 3 com e very  c lo se  to  the  m ean  
PR  values o f  the p resen t study  o f  N orw egian  speakers.

T h e  valid ity  and value  o f  the  w ork  referred  to  can  b e  d iscussed . T h e  p rob lem  o f  th e  u se  o f  on ly  
the 1st sen tence (so far) is  one  p o in t in  question  (cf. no tes 1 1  and 13).

P itch  range w ill v a ry  in  th e  use o f  one and the sam e sp eak er at the  sam e tim e  as it is  obv iously  
language specific . H all (1972) sta tes th a t th e  u se  o f  a  w ide  P R  is  o n e  o f  the  m o st charac te ristic  
features o f  B ritish  E nglish . F u rth e r de  P ijp e r  (1983 :91) po in ts  to  the d iffe rence  b e tw een  B ritish  
E ng lish  and D utch  in  the  to tal PR  covered , ind ica ting  a  ra tio  o f  12:6 sem itones, i.e . 1:1/2 octave.

P R  is  recogn ized  as  a p a ra lin g u isU c  fe a tu re ; nevertheless, acco rd ing  to  E slin g  and W ong  (1983) 
it  can  influence in tellig ib ility . A  too  narrow  range g ives an  im pression  o f  w eariness (cf. A be 1980). 
T h u s lack  o f  in terest, w h ich  m ig h t am oun t to  im politeness, could  be  d em onstra ted  un in ten tio n a lly  
by  a N orw egian  speak ing  E ng lish . A ccord ing  to  C rystal (1969) P R  is a  reg u la r and  im p o rtan t m ean s 
o f  em otional expression . In  sp ite  o f  P ro fesso r L eh is te ’s con ten tion  th a t P R  is  is  o f  n o  in te rest 
linguistically  (personal com m unication), it  m u st b e  said  to  be  o f  in terst c o m m u n ic a tiv e ly . In  a 
sym posium  o n  ‘In tonation: m odels and param eters* a t d ie  X II In ternational C ongress  o f  the  
P honetic  Sciences. A ix -en-P rovence , A ugust, 1991, P ro fesso r N ooteboom  cla im ed  that phone tic i­
ans still know  to o  little  about the  so-called  para lingu istic  features. T h e  p o in t is  tha t syn the tic  speech  
reveals w hat features are v ital fo r  ‘n a tu ra ln ess’. T h u s know ledge about P R  d iffe ren ces m ust a lso  
be o f  in terest pedagogically .

F inally , a  few  conclud ing  rem arks are in  order.

T h e  P C  h as m ade phone tic  research  m ore  accessib le , as such  stud ies can  be  pu rsu ed  w ithou t 
assistance and access to  a laboratory . H ow  dem anding  th is  is w ill depend  o n  th e  background  o f  the  
a n a ly s t I t is d ifficu lt to  be  a m ulti-specia list. I w ould like  to  con tend  th a t th o rough  lingu istic  and  
phonetic  know ledge o f  the language to  be stud ied  is a  m u s t  as th is  tak es  a  lo n g  tim e  to  acqu ire. 
T he acoustics o f  speech  m ust b e  said  to  be a m ore  lim ited  area. I t seem s a  less  tim e-consum ing  task  
to  acquire the know ledge o f  acoustics needed  to  be ab le  to  use  the p ro g ram m es availab le  to d ay  fo r 
th is k ind o f  research . N evertheless, a v isit to  a  phone tic  labo ra to ry  w ould  n o  dou b t be u sefu l. T o  
be acquainted  w ith  stud ies in  speech  percep tion  is a  necessity . H ere  h e lp  is  to  be  found  in  recen t 
literature  on  the subject.

Notes
1. P rosody  com prises suprasegm ental features o f  speech  such  as stress, tone, and  quantity. T he  

term  iruonation  refers to  the  tonal m ovem en t o f  an  u tterance , i.e . varia tio n s in  p itch , o f  w hich  
the  fundam ental to n e  (Fo) is the physical correlate. T h e  F o  curve  p ic tu res  th e  frequency  o f  the 
v ib ra tions o f  the  vocal cords. F o r  th is  p ro jec t sound cu rves hav e  been  p ro d u ced  on  the  P C  screen  
b y  th e  aid o f  the  d ig itiz ing  program m e MSL (cf. D ickson  1985; L y sn e  1989). T h e  sound  signal 
w as transferred  from  a  JVC casse tte  recorder/p layer. D eta iled  F o  analysis  h a s  been  perfo rm ed  
b y  the additional p rogram m e MSLPITCH (cf. D ickson  1987).

S entences d ig itized  fo r analysis:
1. W illiam  w ent to  bed  very  early  th a t evening .
4 . H e h a d n ’t  heard  Irom  Jane  since  he  sen t h e r  th e  w ire.
6 . H e had  said  som eth ing  abou t a  m issing  coat.
7 . C ould  she hav e  found o u t so  soon?
12. A fter all it d id n ’t m atter.

2. Cf. t ’H a it e t al. 1990:24: ‘T h e  sa tisfac tion  w hich  phonetic ians m ay  feel w ith  th e  eno rm ous 
p rogress m ade during  the las t decade in  the  au tom atic  de te rm ina tion  o f  F o  is  overshadow ed  by
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3.

7.

8 .

th e  fact th a t the  fin e r th e  perfo n n an ce  o f  the  techn iques applied , the m ore it becom es appraient 
h o w  irregu larly  the  vocal folds v ib ra te ’.

T h e  record ings used  as m ateria l here  (a by-p roduct o f  a  d iagnostic  test) w ere actually  recorded 
in  a  speech -lab  (class room ) w ith  2 0  b o o th ^ e a d e rs ) . T h e  equ ipm ent w as the  cassette  recorder 
o f  T an d b erg  IS8 , type: TCR 5 5 0 0 ,2  tracks, w ith  attached  headphone.

In  d ie  M SL -program m e th is  is co rrec ted  by  ad justing  the  "configuration  file" as one  listens in 
w h ile  chang ingA ecdfy ing  the appropriate  values. In  o u r case  th is w as n ecessary  w hen changing 
to  a co m p u te r w ith  g rea te r capacity  th an  the one  first applied .

C f. co m m en t h eard  in  a  N orw egian  rad io  (NRK) p rogram m e o n  m usic: ‘T ld  e r  m usikkens 
v e rk tø y ’ (=  tim e  is  th e  tool o f  m usic). T h is  m ig h t also  app ly  to  ^ le e c h  and hearing.

V ery  o ften  th is  w ill be  the  second  harm onic  (w ith  a frequency  like  F o  m ultip lied  by  2 , w hich  
w ill be  th e  sam e as the  OCTAVE VALUE o f  the  fim dam ental (cf. Q a ik  and  Y allop  1990:210: 
’(jo m p lex  sounds p o se  a  cu rious p roblem . ...It does no t m atte r w h a t th e  am plitude o f  tha t 
fundam en ta l is  in  re la tion  to  the  o th e r harm onic  com ponen ts o f  the  sound. ... ev en  if  the 
fundam enta l is  rem oved  b y  som e form  o f  e lec tron ic  p rocessing ..., a p itch  correspond ing  to  the 
fundam en ta l, k n o w n  as the  ’phantom  fu n dam en ta l,’ w ill still be p e rc e iv e d . . . .

W h at is  o rig ina lly  d ig itized  by  th e  M SL program m e w ill still be in the  file. G ean in g /tep a irin g  
an  F o  curve  in  MSLPITCH affects on ly  the  v isual cu rve , and the  sta tistics conform s to  this. (The 
orig inal s ignal can  a lw ays be  reloaded  and analyse again  e.g . w ith  changed  param eters).

A t an  early  stage  in  m y  w ork  I b lam ed  th is  ’en d -p ro b lem ’ on  p o o r record ings. H ow ever, the 
fac t seem s to  be  tha t th is  is a general problem  in  accoustic  research  o f  speech , as endings, 
e sp ec ia lly  in  lo n g er un its , are  very  o ften  w eak because  o f  lack  o f  intensity .

9 . A cco rd in g  to  C o llie r (1989) th is  dow ndrift w as nam ed DECLINATION by  C ohen  and t ’H art 
(1965): cf. a lso  T h o rsen  (1980); C ohen, C ollier, and t ’H art (1982); de  P ijp e r (1983); t ’H art, 
C o llier, and  C ohen  (1990).

10. T h e  m o st frequen t p rob lem s detec ted  and listed  as in teresting  w ere:

1. T h e  un -E ng lish  fin ish ing  olT o f  an  in tonation  un it. W hat can  be  w rong  w ith  the fall/rise o f  a 
N o rw eg ian  speak ing  E nglish?

2. T h e  s ta rtin g -p o in t/’o n se t’ is  n o t h igh  enough  (as verified  by  teach ing  experience).
3. Is there  a lack  o f  u se  o f  ’p itch  ran g e ’ in  ’N orw egian  E n g lish ’? (a phenom enon  closely  related 

to  po in t 2 ; a lso  verified  b y  teach ing  experience).
4 . T h e  overall to n e  pattern  in  a un it is  no t particu larly  E nglish ; d o  w e m ove abou t/jum p u p  on 

unstressed  sy llab les w here native  speakers keep  a steady  course?
5. W hat a re  the  reasons fo r un-E ng lish  rythm  in  ’N orw eg ian  E n g lish ’? Gs th is  a question  o f  

tim ing /Iack  o f  deaccen ting?)

11. T h e  cho ice  o f  th e  first sen tence  fo r  PR -studies has been  questioned  b y  experts , as the  first 
sen tence  w ill n o rm ally  b e  pronounced  o n  a  h ig h er p itch  than  w hat fo llow s (N oven , S lethei, and 
L eh iste ) (personal com m im ication). B u t in  the  record ing-situa tion  the  in fo rm ants had  to  read 
a  sen ten ce  in  N orw eg ian  in troducing  them selves as a  start. (Ex.: "D ette  e r  s tudent n r  B 18 V  
79 ."  (10 -12  sy lls, s ta tem ent, new  inform ation ; as fo r  th e  code see below ). H ow  far th is  
in tro d u c tio n  in  N orw eg ian  in fluenced  the im m edia te ly  fo llow ing  perfo rm ance in  E ng lish  w ill 
b e  le f t he re  as an  open  question).

H ow ever, co n sid erin g  the  fac t o f  the h ig h er p itch  o f  the  first un it, th is  cannot b e  said  to  be 
n eg a tiv e , o r  m ake the  w ork  p resen ted  here  particu la rly  unreliab le , as it does no t support, bu t 
ra th e r  refu te  the  u n derly ing  hypo thesis  and find ings o f  th is  study: th a t N orw eg ians, w esterners 
in  particu lar, do  no t u se  enough  PR  w hen  s jo a k in g  E ng lish  as th e ir  onset is no t h igh  errøugh.

T h e  o rig inal code o f  the studen t/reader is used  as filenam e in  the P C  d irectory : B  refers to  
lab -n u m b er, 18 to  th e  boo th , V79 refers to  term  (S pring  1979). T h e  n u m b er o f  the sentence is
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added to  th is: B 18V 791 w ill be  d ie fUenam e o f  the  sen tence  ‘W illiam  w en t to  bed  very  early  
th a t ev en in g ’ o f  a  reading tha t can  be  traced  back  to  th e  tape.

12. S im ilarity  he re  refers to  k ind o f  in fo rm ation , leng th , and gram m atica l structure .

13. I t  w ould  be  enorm ously  tim e  consum ing  and dem anding  as  fo r  P C -capacity  to  g o  in to  all these 
sen tences in  detail. T h erefo r, on ly  a  few  spo t checks have been  m ade , revea ling  P R -va lues 
sligh tly  d ifferen t from  th o se  o f  sen tence  1 as expected ; b u t so  fa r  the h y p o th esis  beh ind  th is  
w ork  has n o t been  d isp roved . O ctave  v a lu es  o f  o th e r  un its  (sen tences 4 , 6 , 7 ,  and  12) analysed  
so  fa r  (abou t 2 0  in  num ber) hav e  been  be low  those  reported  fo r  R P  (cf. fig . 4 .)

14. ‘A s fo r  vow el-in trin sic  p itch , th e  d ifference  in  F o  b e tw een  d o s e  and o p en  vo w els  m ay  am ount 
to  th ree sem itones (0 .25 octave). T h u s, it is  p lausib le  tha t such  a d iffe rence  can  b e  p erce iv ed , 
ev en  in  the  dynam ic  situa tion  o f  speech  m elody , and  ev en  though  i t  h as  b een  re p o r te d ... th a t 
lis teners tend  to  a t least partia lly  com pensate  fo r  the  e ffec t’ ( t ’H a it e t  al. 1990).

15. P ro fesso r F ry  (UCL, 1976, persona l com m unication) suggested  th ree  in fo rm an ts  p e r  a rea  fo r 
aural analysis o f  speech. H ere  one  need n o t d istingu ish  b etw een  m ale  and  fem ale  speakers. In 
an  acoustic  analysis, on  the  o th e r hand , these  hav e  to  be  k ep t apart, becau se  o f  physio log ica l 
d ifferences. In  th is  study  I a im ed  at liv e  m ale  and  five  fem ale v o ices  from  each  area. F o r  som e 
areas the n um ber is  lo w er because  o f  the lack  o f  accep tab le  record ings.

16. T h is  study  w as approved  o f  b y  P ro fesso r L eh iste  as  va lid  fo r  com parison  (personal com m uni­
cation). V ery  little  is  to  b e  found  about P R  in  th e  literatu re . T h e  reason  fo r  th is  is  e a sy  to  see, 
as th is  k ind  w ork  w ould  be  d ifficu lt to  do w ithou t the com puter. E x p erts  o n ly  w ould  be  ab le  to  
appreciate  the  am ount o f  w ork  beh ind  such  a  study. It is  [>articulariy in te restin g  th a t a t the 
E uropean  C onference on  Speech  T echno logy , E d inburgh , S ep tem b er 1987, m y  inqu iries abou t 
P R  stud ies in  E ng lish  y ielded no  results. T w o  years la te r  a t the E u ro p ean  C onference  on  S peech  
C om m unication  and T echno logy , P aris, S ep tem ber 1989, th e  U C L  s tu d y  w as reported .
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