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EDITGR ' S INTRODUCTION 

The meeting represented by these proceedings was predicated on the  

judgment t h a t  speech interference can be a problem. A problem t o  many people; 

t o  a telephone engineer; t o  a teacher i n  a classroom; t o  an airplane p i lo t  

communicating with an a i r  t r a f f i c  control ler;  or t o  an individual t rying t o  

t a l k  t o  another individual across a room. All of these people face similar 

d i f f i c u l t i e s  when speech interference results from noise masking o r  some form 

of f i l t e r i n g  or  some other form of disturbance which a f fec t s  t h e  quali ty of 

t h e i r  communication, o r  of the  communication s i tua t ion they attempt t o  provide 

f o r  others. 

Many undesirable secondary e f fec t s  r e s u l t  from speech interference and 

exacerbate t h e  simple problem implied by a report of a reduction i n  the  number 

of verbal un i t s  t ransferred.  Effects such as reduced safety,  reduced amount of 

knowledge transmitted o r  an increase i n  t h e  hard t o  define fee l ing of tinnoyance 

t h a t  comes from f rus t ra t ion  of a desire t o  communicate effect ively.  

Given t h a t  speech interference problems exis t  i n  many contexts, one 

logical ly  ponders t h e i r  solut ions,  Kernel t o  the  solution of any problem i s  

t h e  def in i t ion  of i t s  limits; t h i s  implies t h e  measurement or  observation of 

"how much" o r  "what kind" or  other s imilar  qua l i t i e s  and quanti t ies .  

The papers contained i n  these proceedings address such quest ions ; ques- 

t i o n s  regarding t h e  kinds of measurement devices or  techniques t o  use i n  

assessing speech interference ef fec ts ;  questions regarding t h e  u n i t s  t o  observe 

o r  measure i n  research; o r   question^; regarding en t i r e ly  new ideas as  to  what are 

t h e  components of speech interference. 



Considerable discussion was devoted t o  t h e  annoyance aapect of speech 

in ter fer ing  noise, an area  of concern t o  NASA-Langley researchers. Of pa r t i cu la r  

in te res t  i s  the  question of  t h e  usefulness of exist ing i n t e l l i g i b i l i t y  assess- 

ment t o o l s  such a s  A 1  o r  t h e  MRT i n  the  annoyance domain. In  t h i s  case it i s  

important t o  know first i f  such devices can be used t o  predict  i n t e l l i g i b i l i t y  

under various conditions, and i f  they can, can they then be used t o  r e l i ab ly  

predict  annoyance f o r  a known or  predictable speech interference s i tua t ion .  If 

t h e  exist ing i n t e l l i g i b i l i t y  devices a r e  not adequate i n  t h e  annoyance context,  

t he  question remains as t o  what new types of assessment devices o r  measuring 

u n i t s  o r  techniques should be used t o  evaluate t h e  speech interference/ 

annoyance s i tua t ion  A number of the con£ erence participants presented 

information pert inent  t o  these  areas. A very r e d  question concerns jus t  

what a r e  speech interference annoyance and d i s sa t i s fac t ion  re l a t ed  to?  Are 

they re la t ed  simply t o  a reduced number of verbal  u n i t s  t ransfer red  o r  i s  t h e  

p ic ture  more complex, including perhaps consideration of var ia t ion  of l i s t e n e r  

o r  speaker e f f o r t  o r  of l i s t e n e r  response time, var ia t ions  i n  a l l  of which may 

occur i n  the  face of perfect  i n t e l l i g i b i l i t y ?  D r .  Dave Nagel has examined these  

and other  p o s s i b i l i t i e s  i n  h i s  paper. 

The order of papers presented i n  the  following pages i s  t h e  order i n  

which individuals presented them a t  t h e  conference. This order was based on 

a quasi-random se lec t  ion procedure and no assert- ion by t h e  edi tor  of r e l a t i v e  

importance of papers i s  intended. 
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SPEECH INTERFERENCE ASSESSMENT - AN OVERVIEM AND SOME 
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SUMMARY 

This paper considers f ac to r s  important t o  t h e  asaessm~~nt  of speech 

in te r fe rence  and e f f e c t s  of speech in te r fe rence  i n  a number of contexts.  

The pr inc ipa l  focus i s  on speech in te r fe rence  e f f e c t s  r e su l t i ng  from noise 

masking, p a r t i c u l a r l y  t h a t  engendered by a i r c r a f t  f lyover  noise.  A discussion 

02 various speech in te r fe rence  assessment devices i a  given along with an 

evaluation of t h e i r  l imi t a t ions  when used t o  est imate other  forms of human 

response. A proposed new approach is  suggested which embodies evaluation of  

other  f ac to r s  besides amount of information t ransfer red  and reported annoyance. 



When we t a l k  about speech in te r fe rence  it i s  possible  t o  consider  it 

a s  r e su l t i ng  from at l e a s t  t h r e e  causes, v i z ,  f i l t e r i n g ,  a r t i c u l a t i o n  

d i s t o r t i o n ,  and noise masking. F i l t e r i n g  a s  it appl ies  t o  speech in te r fe rence  

i s  genera l ly  r e l a t e d  t o  e l ec t r i ca l / e l ec t ron ic  communication devices. F i l t e r i n g  

is r e a l l y  a process of bandwidth reduction r e su l t i ng  from a t tenuat ion  of 

c e r t a i n  component frequencies of  a complex s igna l .  As a r e s u l t ,  a reduced 

mount  of information reaches l i s t e n e r ' s  ears .  This i s  a r a t h e r  general 

statement and it is  not meant t o  suggest t h a t  t h e  information reduction necessar i ly  

r e s u l t s  i n  a reduced understanding of t he  speech mater ia l  being t ransmit ted 

over t h e  bandwidth l imi t ing  device. One of t h e  most i n t e r e s t ing  f indings from 

t h e  study of e f f e c t s  of f i l t e r i n g  o r  bandwidth modification was t h e  ind ica t ion  

t h a t  bandwidth and i n t e n s i t y  a r e  complementary, That i s  if speech i n t e l l i g i b i l i t y  

is  reduced as a r e s u l t  of reducing t h e  bandwidth of a communication device, 

then  i n t e l l i g i b i l i t y  may be res tored  t o  a c e r t a i n  degree by .:ncreasing t h e  

i n t e n s i t y  of t h e  s igna l .  

Regarding a r t i c u l a t i o n  d i s t o r t i o n ,  Harris published an in t e re s t ing  study 

some years  ago r e l a t i n g  speech in te r fe rence  t o  t h e  a r t i c u l a t i o n  d i s t o r t i o n  

produced i n  a speaker who was simultaneo- sly ea t ing  a sandwich. We here at 

t h i s  meeting are most i n t e r e s t ed  i n  speech in te r fe rence  r e su l t i ng  from noise 

masking, I would l i k e  t o  preface my discussion i n  t h i s  a rea  with a few 

obvious points ,  fami l ia r  t o  everyone here,  f o r  t h e  purpose of s e t t i n g  t h e  s t age  

f o r  my l a t e r  remarks. To begin with,  speech energy i s  mostly low frequency 

energy as shown i n  t h e  long term spectrum f o r  adu l t  male speech i n  f i gu re  1. 

Consonant speech sounds a r e  t y p i c a l l y  found a t  t h e  high frequency, low i n t e n s i t y  

end o f  t h i s  spectrum, It; has been shown by many inves t iga to r s  t h a t  consonants 



a r e  t h e  information bearing elementn of  speech due t o  t h e i r  quan t i t a t i ve  pre- 

ponderance and dynamic nature.  Consonant sounds a r e  general ly  e a s i e r  t o  mask 

than  vowel sounds due t o  t h e i r  lower i n t e n s i t y  and upward spread of masking 

e f f ec t s .  This l a t t e r  f a c t o r  wac shown by Stevens e t  al who found t h a t  tones 

i n  t h e  region of 0,3 - 0.5 Khz a r e  t h e  most e f f e c t i v e  speech masking sounds. 

Noise bands centered general ly  a t  frequencies lower than 1000 Hz a r e  more 

e f f ec t ive  speech maskers than higher frequency noise bands, Figure 1 shows t h e  

sound spectrum f o r  a t y p i c a l  J e t  a i r c r a f t  a t  a given in s t an t  during a f lyover .  

A s  shown here,  a i r c r a f t  noise has l o t s  of energy i n  t h e  low frequency, high 

speech masking region. The a i r c r a f t  no ise  spectrum looks very much l i k e  t h e  

speech spectrum. This suggests t h a t  a i r c r a f t  noise presents  a d e f i n i t e  speech 

masking problem. 

If we consider only a i r c r a f t  noise f o r  t h e  moment it can be sa id  t h a t  

it has become increasingly c l e a r  t h a t  new mproaches a r e  needed t o  answer t h e  

d i f f e r e n t  kinds of  questions r e l a t e d  t o  human response t o  t h i s  noise source, 

Simply measuring i n t e l l i g i b i l i t y  f o r  some idea l ized  laboratory s i t u a t i o n  o r  i n -  

f e r r i n g  i n t e l l i g i b i l i t y  using Ar t icu la t ion  Index f o r  example, is not enough, 

Such procedures a r e  f i n e  f o r  t e l l i n g  us  t h a t  telephone "A" i s  a b e t t e r  speech 

transmission device than  telephone "B", but  we need t o  know more than t h i s  l e v e l  

of information. Given t h e  i n t e r e s t  i n  community response t o  a i r c r a f t  noiise, 

we want t o  know something about t he  annoyance t h a t  accompanie~ r e a l i s t f  c 

exposures t o  speech in t e r f e r ing  a i r c r a f t  noises.  This requirenent c l e a r l y  

es tab l i shes  t h e  need f o r  more r e a l i s t i c  speech t e s t  conditione and f o r  more 

accurate  and prec ise  means f o r  quantifying speech in te r fe rence  and subJect ive 

response. 



L e t t s  look a t  some of t h e  exis t ing  speech masking evaluation procedur~.e. 

A l o t  of ear ly  speech research was concerned with phonetics, prcnunciation, 

au ra l  discrimination e tc .  Actually, t h i s  ear ly  work was more attuned t o  t h e  

kinds of things we want t o  do i n  assessing speech interference. Speech 

interference assessment i s  a t  l e a s t  pa r t ly  concerned witn phonetics, pronun- 

c i a t ion  and discrimination tco. It was a natural  s c i e n t i f i c  progression t o  

attempt t o  quantify these  ea r ly  observations of speech processes such t h a t  a 

given speech interference s i tua t ion  might be described most e f f i c i e n t l y  

say by a s ingle  number such a s  a t e s t  score. I n  making these quantif icat ion 

attempts, more was involved than devising a laboratory curiosi ty.  There 

were immediate p rac t i ca l  advantages re la ted  t o  commercial, wartime, 

l ingu i s t i c  and other i n t e r e s t s  . For example, telephone and cornmunicat ion 

hardware oriented companies had a commercial i n t e r e s t  i n  such procedures 

s ince they were concerned with developing more viable speech communication 

devices. Wartime needs made it imperative t o  devise vocabu l~r ie s  t h a t  

were l e a s t  sens i t ive  t o  interference. Linguistic and anthropolog~cal  

researchers use t h e  a r t i f a c t  of spaech production and perception t o  make 

inferences about differences between man and other  speciee. Closely 

a l l i e d  here a r e  the  needs of psychologists t o  determine various psycho- 

physical +.hresholds r e l a t ed  t o  audition. S t i l l  other  needs f o r  quan t i fy iw 

speech processes concern t h e  treatment of disordered speech and hearing. 

A t  any r a t e  over a period of f a i r l y  recent years, a number of ar t icu-  

l a t ion  t e s t s  have been devised and used fo r  a number of purposes. Teats such 

as PB word t e s t s ,  rhyme t e s t s  of Fairbanks and House which have been used 

extensively primarily by tho!$-? in teres ted  i n  mi l i ta ry  communication. Sentence 



t e s t s  have been used more o f t e n  i n  audiometry than i n  assessment of  noise masking 

e f f ec t s .  There have been problems with v a r i a b i l i t y  of --erformance by groups 

of people on sentence t e s t s .  As shown by Rogers at t h e  University of Connec- 

t i c u t ,  people vary widely i n  t h e i r  a b i l i t i e s  t o  pred ic t  words i n  sentences 

under marginal l i s t e n i n g  condit ions,  and consequently t h e r e  is  a l a r g e  range 

i n  scores on these  t e s t s  under simulative noise madking conditions.  Sentence 

t e s t  scores  a r e  f a i r l y  uniform under high s igna l  t o  noise re , t io  condit ions,  

but t hese  conditions may not r e f l e c t  t h e  masking s i t u a t i o n  t h a t  f requent ly 

occurs i n  a i r p o r t  communities. Other types  of t e s t s  t h a t  may be u s e h l  i n  

t h e  assessment of' noise e f f e c t s  a r e  t h e  content repor t  t e s t s  devised by 

Ul l r i ch  and Williams, 

Most of t h e s e  previouoly described t e s t s  a r e  s imi la r  i n  t h a t  cont ro l led  

speech material. i s  presented t o  l i s t e n e r s  who respond i n  some way such a s  c:.. (5 

off  a word on a l i s t  o r  wr i t ing  i n  t h e  words of a sentence. 

It is  poss ib le  t o  i den t i fy  a t  l e a s t  four  f ac to r s  t h a t  a r e  important 

i n  speech in te r fe rence  t e s t i n g ,  v i z  : The people involved (speakers,  

l i s t e n e r s ) ;  t e s t  mater ia l s  (words, sentences,  and by inference, t h e  mode of 

l i s t e n e r  response) ; equipment (car?hones, loudspeakers, mi crophones, t e s t  rooms) ; 

and t h e  noise o r  d i s t o r t i o n  a f f ec t ing  t h e  speech transmission (white noise,  

a i r c r a f t  noise,  f i l t e r i n g ) .  This l i s t  suggests t h a t  a l o t  of work may be 

involved i n  speech in te r fe rence  evaluation. Many o the r s  t h o ~ h t ;  so and 

f o r  ways t o  reduce o r  e l iminate  t h e  need f o r  speech in te r fe rence  t e s t i n g .  The 

most prominent r e s u l t  o f  t h e s e  eearchee is  Ar t icu la t ion  Index. With A I ,  all 

t h a t  i s  needed is  t o  measure epeech and noise l e v e l s  and make some calcula- 

t i o n s  and cor rec t ions  t o  produce an index t h a t  r a t e s  telephones, radios  and 



other communication devices v i t h  respect t o  one another, A 1  can be useful  f o r  

such evaluations par t icular ly  earphone type equipnent, but ce r t a in  cautions 

a re  i n  order regasding some of t h e  underlying assumptions of A I ,  These cau- 

t i o n s  r e l a t e  t o  t h e  assumptions of inde:..!ndently contributing frequency bands 

and single curves r e l a t ing  i n t e l l i g i b i l i t y  and A I .  Bowman has presented 

evidence i n  t h e  Journal of Sound and Vibration suggesting tha t  nei ther  of these  

assumptions may be tenable and we have some experimentai r e s u l t s  from work here 

a t  Langley h in t ing  t h a t  the  l a t t e r  assumption may not be tenable. I w i l l  pre- 

sent these  da ta  short ly,  Apart from the  typica l  communications hardware 

evaluation t s sk ,  the re  have been suggestions tha t  A 1  can be w e d  t o  evaluatt. 

other comunication s i tua t ions  dealing with f r e e  f i e l d  cases such as loud- 

speaker presentation and face-to-face communication i n  various types of enclo- 

sures. In  these  cases, t h e  :*oom i s  essen t i a l ly  being rated as  par t  of t h e  

communication system, This presents a more d i f f i c u l t  experimental s i tua t ion  

adding e f fec t s  which a re  harder t o  assess and embody as  correct ions which can 

be applied uniformly i n  such a device n.s A I .  Also the re  have been sugges- 

t ions  tha t  i n t e l l i g t b i l i t y  scores a r e  predictable based on a knowledge of A I .  

These claims a r e  usually hedged with warnings t h a t  t h e  scores depend on t h e  

par t icular  t a l k e r l l i s t e n e r  crews, t h e i r  t r a in ing  e t c ,  Given these  warnings, 

it i s  d i f f i c u l t  t o  t e l l  what t h e  prediction claims r e d l y  mean s ince  the  

r e s u l t s  obtained from one crew t o  another w i l l  almost ce r t a in ly  be d i f fe ren t ,  

and is  not possible t o  object ively asser t  t h z  superiori ty of one o r  more 

of a number of ident ica l ly  t ra ined crews composed of s imilar  members. 

The l imi ta t ions  of A 1  i n  the  f r ee f i e ld  s i tua t ion  a re  suggested from 

remalts of an experiment performed here at  Langley. We s e t  out t o  r a t e  the  



speech efficacy of a classroom using A 1  and PB word i n t e l l i g i b i l i t y  tests. A 

speaker of general American Ehglish and a f i v e  man l i s t e n e r  crew were t ra ined 

i n  accordance with t h e  ins t ruc t ions  given i n  U. S. Standard S3.2. The PB 

word l is ts  used were a lso  taken from t h i s  standard. The ambient masking noise 

i n  the  room was provided by two window air conditioning uni ts .  The class- 

room layout is  shown i n  f igure 2. Three noise conditions were evaluated. 

These conditions corresponded t o  zero, one and both a i r  conditioners operating 

respectively. A1 was calculated f o r  each condition a t  each Listener 

locat ion using t h e  octave band method a s  specif ied i n  ANSI Standard S3.5. 

The ideal  voice spectrum given i n  t h i s  standard was used and corrected f o r  t h e  

overa l l  speech l e v e l  a s  measured. The calculated A 1  values were corrected f o r  

v isual  cues and room reverberation time. Speech st imuli  were presented l i v e  

t o  t h e  l i s teners .  The speaker monitored h i s  voice l e v e l  with a W meter. 

Speech and noise l eve l s  were previously measured separately and then together 

so t h a t  correct speech l eve l s  could be obtained. U S  acoust ical  measuring 

equipment was checked and ca l ibra ted  pr ior  t o  the  t e s t ,  The r e s u l t s  of t h i s  

experiment axe shown i n  f igure  3 .  The no~icomparability between t h e  present 

data and t h a t  given i n  S3.5 i s  r e a l l y  expected even though a L 1 t h e  pert inent  

corrections were applied. These differences do say something about "pre- 

diction" though. O f  possibly greater  significance i s  t h e  suggestion t h a t  t h e  

data fo r  the  three  A 1  conditions do not f a l l  on a s ingle  curve. Rather it 

appears t h a t  separate curves may be drawn through t h e  data  points f o r  each 

condition. It should be pointed out here t h a t  these da ta  a re  much too  sparse 

t o  make any def in i t ive  judgements of t h i s  nature especial ly given t h e  

va r i ab i l i ty  tha t  may have resulted from t h e  l i v e  presentation of s t imuli .  



However, as  stated ea r l i e r ,  Bowman found similar resu l t s  i n  a much more detai led 

experiment. Our judgement i s  tha t  a t  l eas t  a cautious approach is  required t o  

the  use of A 1  and interpretat ion of results .  

When it comes t o  evaluating typical  community or home noise si tuations 

i n  terms of speech interference t he  picture becomes l e s s  clear than for  t he  

well defined laboratory si tuation.  A1 emphasizes precision as  might be 

needed t o  evaluate two similar pieces of communication hardware. However it 

is not c lear  that  t h i s  type of precision i s  needed or buys anything that  i s  

not at tainable much more simply fo r  t he  community or home case. Beranek has 

suggested large ranges of A1 for  ra t ing acceptability of rooms, off ice  spaces 

etc. For example anything greater than A 1  of 0.5 i s  rated as an acceptable 

speech si tuation.  This means essential ly tha t  a room with an AI of 0.6 i s  

rated about the  same as one having an A1 of 0.8 on t h i s  acceptability 

scale. This is  rea l ly  a process of rank ordering and as such is  not especially 

precise. Given t h i s  lack of precision, I think a simpler approach would 

involve the  measurement of speech interference ievel .  SIL t a c i t l y  recognizes 

the  d i f f i cu l ty  i n  obtaining precision asld perhaps the  lack of importar~ce of 

such precision i n  a community noise context. In the  f i na l  analysis, SIL 

probably gives essential ly the  same information that  A1 gives. Furthermore 

SIL has been shown by many people t o  be a good predictor of A I ,  so SIL i s ,  

i n  my opinion, the  best existing method for  evaluating steady s t a t e  noise 

effects  on speech i n  everyday environments. 

Time varying noise presents a more d i f f i cu l t  assessment si tuation.  

In  terms of effects  of time varying noise effects  on speech, it i s  important 

t o  know what are the  important aspects of t he  noise such as peak leve l*  overall 

duration, duration above cer ta in  levels  etc. TO i l l u s t r a t e  t h i s  problems 

Carl Williams found t ha t  time varying noise masked speech l e s s  than steady 
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s t a t e  noise with an equivalent A I .  AircratX noise i s  a time-varying noise 

t h a t  has received a l o t  of a t t en t ion  recent ly.  We here at Langley a r e  

p a r t i c u l a r l y  concerned with t h e  e f f e c t s  o f  a i r c r a f t  noise including speech 

e f f ec t s .  O u r  approach w i l l  involve t h e  assessment of annoyance r e su l t i ng  from 

speech in t e r f e r ing  noise r a t h e r  than  simply obtaining measures of i n t e l l i g i -  

b i l i t y .  This approach i s  o f  course,  not new. Williams looked at accepta- 

b i l i t y  of  a i r c r a f t  noise i n  t h e  presence of speech. Langdon e t  a1  have 

looked at accep tab i l i t y  of var ious time varying noises during TV viewing. 

D r .  Gunn w i l l  r epor t  l a t e r  on a study we performed a t  Memphis S t a t e  Universi- 

t y  i n  which annoyance judgements were obtained during t h r e e  t a sks ,  two of 

which vere  speech communication tasks.  

Others besides those ju s t  mentioned have measured t h e  annoyance and 

a c c e p t a b i l i t y t h a t  a t tend  speech in t e r f e r ing  noise.  We expect t o  study 

annoyance t h a t  accompanies in te r fe rence  with four  speech communication s i tua-  

t i o n s ;  TV viewing, t leephone use,  classroom l e c t u r e ,  and face-to-face comuni- 

cat ion.  We intend however t o  go beyond simply measuring inforna t ion  t r a n s f e r  

and simultaneously g e t t i n g  annoyance Judgements during speech in te r fe rence  

s i t ua t ions .  Actually t h e  annoyance may r e s u l t  from considerably more than 

reduct ion i n  amount of information t ransfer red .  Such behaviors a s  l i s t e n e r  

confidence r a t i n g s ,  reques ts  f o r  repea ts  o r  ac tua i  repea ts  of information, 

voice i e v e l  requireci, s e t t i n g s  of loudness l e v e l s  on audio equipment, bodi ly 

ges tures ,  such a s  cupping a hand t o  one's e a r ,  or  tu rn ing  one's head and 

other forms of behavior may a l s o  be s i g n i f i c a n t l y  r e l a t e d  t o  annoyance, and 

we expect t o  ~ l t i m a t e l y  examine these  re la t ionships .  A s  a jumping off  point  

we intend t o  look f i r s t  at d i f fe rences  i n  type  of verbal  s t i m u l i  i n  t h e i r  



.L. 

effects  on reported annoyance and also differences in  method of  stimuli pre- 

sentation such as earphones, vs free f i e ld  (loudspeaker ) vs l i v e  presentat ion, 

From there we intend to  build our speech interference research program i n  a 

way t o  reflect interest i n  the previously described factors. 
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I. 8 



REFERENCES 

1, Stevens, S. S. ; Miller,  J, and Truscott , I. : The Masking of Speech by 

Sine Waves, Square Waves and Regular and Modulated Pulses. J. Acoust , 

Soc. America, vol. 18, 1946, pp 418-424 
j 

2, Rogers, E.: Sentence I n t e l l i g i b i l i t y  a s  a Function of Complexity and 

Amount of Time/Frequency Distort ion,  M. A. Thesis, Univ. O f  Connecticut, 1 

1970. 

3. Ullrich,  J. H. : An Experimental Study of t h e  Acquisition of Information 

from Three Types of Recorded Television Presentations. Speech Mono- 

graphs, vol. 24, 1957, pp. 39-45. 

4. Williams, C. , Stevens, K. N. and Klatt  , M. : Judgement of t h e  Acceptability 

of Aircraft Noise i n  t h e  Presence of Speech. J. Sound and Vib., vol. 9, 

1969, pp 263-275. 

5 .  Bowman, N. : The Art iculat ion Index and Its Application t o  Room Acoustic 

Design. J. Sound and Vib., vol.  32, 1974, pp. 109-129. 

6. Williams, C. ,  Pearsons, K . ,  and Hecker, M. : Speech I n t e l l i g i b i l i t y  i n  

the  Presence of Time Varying Aircraft  noise. J. Acoust. Soc. America, 

vol. 50, 1971, pp 426-434. 

7. Methods f o r  t h e  Calculation of the  Art iculat ion Index. American 

National Standard 53.5. American National Standards I n s t i t u t e ,  New 

York, 1969. 



8.  Method for Measurement of  Monosyllabic Word Inte l l ig ib i l i ty .  USA 

Standard S3.2. American National Standards Institute,  New York, 1960. 



A PROPOSED MGTHOD FOR MEASURING THE ANNOYANCE 

DUE TO SPEECH INTERFERENCE BY NOISE 

John A. Molino 

National Bureau of  Standards 
Washington, D . C . 



ABSTRACT 

A metho& i s  proposed t o  measure both t h e  interference of speech by 

noise and the  annoyance caused by such interference. It i s  based upon 

a non-verbal preference procedure developed a t  t h e  National Bureau of 

Standards c d l e d  an l'acoustic menu." Subjects l i s t e n  t o  audible speech 

signals  i n  a background of noise. A t  t h e  same t h e  t h e  subjects a re  

given a limited opportunity t o  se lec t  t h e  par t icular  type of background 

noise. By analyzing t h e  preference s t ructure  f o r  t h e  various types of 

background noise, as well a s  the  decrement i n  speech i n t e l l i g i b i l i t y  

suffered with each noise, information can be obtained on both re la t ive  

annoyance and t a sk  interference . 



A PROPOSED .WTHOD FOR MEASURING 

THE ANNOYANCE DUE TO SPEECH INTERFERENCE BY NOISE 
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INTRODUCTION 

Certain noises may deliver  i n t r i n s i c a l l y  unpleasant a c o u ~ t i c  sensa- 

t ion ,  and therefore be annoying, Other noises may in te r fe re  wish ongoing 

human ac t iv i ty ,  and as  a r esu l t  generate annoyance. Most everyday noises, 

including a i r c r a f t  noise, probably produce some proportion of both kinds 

of annoyance - hedonic unpleasantness and behavioral interference . 
Noise i s  generally defined as  "unwanted sound" ( ~ a r r i s ,  1-957). 

Central t o  an understanding of t h e  "unwanted" properties of noise, i. e. 

the  negatively reinforcing propert ies of noise, i s  some way t o  measure these  

two kinds of annoyance separately.  here may a lso  be other kinds 

of annoyance, f o r  example, tha t  caused by a perception of misfeasance; 

but t h e  present paper w i l l  t r e a t  only the  two kinds mentioned a t  t h e  

outset - unpleasantness and interference.)  Our research at  t h e  National 

Bureau of Standards (NBS) has l e d  us t o  develop novel methods fo r  measuring 

the  negatively reinforcing ?per t ies  of noise, A t  t h e  same time these  

methods have b u i l t  in to  them, fo r  qui te  independent reasons, t h e  a b i i i t y  

t o  assess simultaneously t h e  e f fec t s  of noise on human performance. 



They could eas i ly  be applied t o  the  problem of measuring the  annoyance 

due t o  speech interference by noise. 

The research methods i n  use a t  NBS a r e  directed a t  measuring human 

aversion f o r  sound, i. e. t h e  tendency f o r  people t o  escape and avoid 

ce r t a in  acoustic s t imuli ,  A s  such they do not depend upon v e r b ~ l  reports  

of t h e  annoyance experienced while l i s t en ing  t o  these  soun . :ut; ra ther  

measure t h e  behavioral e f f e c t s  t h a t  a r e  l i k e l y  t o  r e s u l t  fx .. . posurc. 

For example, our measurements of human aversion f o r  sound might be ex- 

pected t o  corre la te  with t h e  tendency of people i n  noisy areas t o  altur 

t h e i r  behavior pat terns,  t o  move away from those areas, o r  t o  complain 

about reduced market value of t h e i r  homes. But more importantly, from a 

methodological point of view, these techniques o f fe r  a possible way t o  

separate the  hedonic and interference components of the  human response 

t o  noise without requiring subjects t o  make subtle ,  d i f f icul t ,and maybe 

even impossible verbal d i s t inc t ions  concerning the  source of t h e i r  annoy- 

ance. Imagine t h e  d i f f i c u l t y  subjects might encounter i n  complying with t h e  

following instruct ions from an experimenter: "You w i l l  hear several  

a i r c r a f t  sounds while l i s t en ing  t o  messages from t h i s  loudspeaker. You should 

report how much of the  annoyance you experience i s  due t o  the  i n t r i n s i c  

unpleasantness of t h e  aircraft,  noises and how much of it i s  due t o  inter-  

ference with your l i s t en ing  task." 

This d i f f i c u l t y  i s  independent of t h e  issue of how well such verbal 

repor ts  of annoyance might co r re la t e  with actual  behavioral responses 

t o  reduce, escape o r  avoid t h e  noise. Preliminary evidence shows t h a t ,  

when forced t o  make judgements according t o  some verbally defined c r i -  

t e r ion ,  subjects may tend t o  exaggerate the  differences along t h e  abs t rac t  
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sca le  so defined as long ss they can perceive any difference a t  all among 

t h e  stimuli.  Yet t h i s  Judged difference may have l i t t l e  influence on 

the  subjectsi  behavior with respect t o  t h e  sound when given t h e  ~ppor tun i ty  

t o  a l t e r  t h e  sound (Zerdy and Molino, 1974). Non-verbal measures of human 

aversion t o  sound may be able t o  eliminate some of these  d i f f i c u l t i e s .  

BACKGROUND 

Typical psychophysical experiments designed t o  ass  ,s the  human 

response t o  noise require subjects  t o  r a t e  various sounds according t o  

verbal descriptions t h a t  define a cer ta in  abstract  qual i ty  of t h e  sound. 

I n  some experiments subjects  a r e  asked t o  Judge t h e  "loudness" of t h e  

sounds (stevens, 1961), and not t o  pay a t tent ion  t o  other  qua l i t i e s ,  

l i k e  "unpleasantness." In  other experiments they a r e  asked t o  Judge 

t h e  "annoyance" of t h e  sounds ( ~ p i e t h ,  1956) , supposedly independently 

of  t h e  "loudness" quali ty.  Others use verbal descriptions defining 

qua l i t i e s  of "discomfort" ( ~ o o d  and Poole, 1966), "dissat isfact ion" 

( ~ e i g h l e y ,  1970), o r  "unpleasantness" ( ~ i t z ,  19721, e t c .  Often these 

experiment6 suggest t h e  establishment of a ce r t a in  psychophysical sca le  

t h a t  adjusts  the  physical components of  the  noise i n  a manner proportional 

t o  t h e  human response t o  those components. I f  t h e w  procedures continue 

t o  prol i fera te ,  t h e  number of possible scales might be l imited only by 

t h e  number of adject ives t h a t  can be used t o  describe aounds. Thus, i n  

elaborating t h e  concept of "perceived noisiness", a conglomerate of 

descript ions was employed i n  an attempt t o  avoid t h i s  problem. For example, 

i n  t h e  verbal instruct ions given t o  t h e  subjects i n  one experiment 

( ~ r y t e r  and Pearsons, 1963), one may f ind  the  words "disturbing", 
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"objectionable", and "acceptable", all appearing i n  a single paragraph. 

However, such a choice i s  by nature arbitrary and inexhaustive. Further- 

more, the  particular phrasing of t he  paragraph of instructions may give 

more emphasis t o  one word over another. 

The hallmark of the  methods being developed a t  NBS i s  tha t  t h e  

human response is measured without any verbal descriptions of t he  sounds, 

Three procedures have been investigated thus f a r ,  all based upon a con- 

siderable body of research i n  experimental psychology ( ~ o n i g ,  1966). 

The f i r s t  i s  an adjustment procedure, where subjects can earn decrements 

i n  sound intensity by tapping rapidly on a telegraph key. I f  t he  sub- 

jects  do not tap,  the  sound intensi ty  gradually increases 1 dB every 4 s. 

Thus the  subjects are able t o  adjust the  in tensi ty  t o  a tolerable level  

by working s t  sadily on the  key ( ~ o l i n o ,  1974). 

Let us investigate t h i s  adjustment procedure i n  more deta i l .  In  

one such experiment, a f t e r  two hours of training,  each subject participated 

i n  64 experimental sessions of 10 min duration (4 sessions per h r ,  1 hr 

per day, for about 3 weeks). During each session, one of 16 acoustic 

stimuli (8 pure tones and 8 bands of noise) was present for  the  en t i re  

session. A t  t h e  beginning of the  session the  intensity level  was s e t  

a t  ei ther a medium A-weighted sound level  of 50 dB or  a high A-weighted 

sound level  of 90 dB. These i n i t i a l  levels  were chosen so that  a l l  of 

the sounds a t  a given s tar t ing level  woulG appear roughly equally loud 

t o  the  subjects when the session began. Tkereafter the  intensity level  

was under the  sub3 ect ' s control. 



The r e s u l t s  of t h e  experiment a r e  presente; i n  Figs. 1 and 2. In  

Fig. 1, t h e  werage maintained sound pressure l e v e l  (SPL) across s t i m u l i ,  

s t a r t i n g  levels ,  and repl ica t ions  i s  shown as  a function of time f o r  

each of t h e  1 4  subjects.  The da ta  points  on each curve represent the  

mean of 64 measurements. The slopes of t h e  in tens i ty  changes t h a t  would 

result from di f ferent  average r a t e s  of  responding are  given i n  t h e  a rc  

near t h e  top  of t h e  ordinate. These slopes indica te  t h a t  the  subject 

could maintain a constant SPL with a tapping r a t e  of 3 responses/s. 

Most of t h e  maintained SPL curves reached t h i s  constant in tens i ty  l e v e l  

a f t e r  about 5 min of responding. However, d i f ferent  subjects maintained 

t h e  average sound in tens i ty  a t  d i s t i n c t l y  d i f ferent  levels .  

In  Fig. 2, t h e  average maintained SPL across subjects,  s t a r t i n g  

l eve l s ,  and repl ica t ions  is shown f o r  each of t h e  eight 1/3-octave bands 

of noise. The data  points  on each curve represent the  mean of 56 meas- 

urements. A s  i s  evident i n  t h e  f igure ,  a progressively lower maintained 

SPL was observed as  t h e  frequency was increased over t h e  range from 63 

t o  500 Hz. For t h e  higher frequencies, above 1000 Hz, there  was 

l i t t l e  consistent difference i n  t h e  maintained SPL fo r  d i f f e ~ e n t  

frequencies. 

These asymptotic maintained SPL values f o r  t h e  various frequencies 

may be  regarded a s  equal aversion l eve l s  tlnder t h e  given experimental 

conditions. A s  such, they convey information about t h e  r e l a t i v e  human 

tolerance f o r  t h e  d i f ferent  frequency components of t h e  s t i m u l i .  The 

asymptotic SPL resu l t s  can then be compared with other  determinations 

of constant human response as  a function of frequency. Such a comparison 



various sounds by recording t h e  proportion of time spent l i s t en ing  t o  

them. We c a l l  t h i s  technique an "accustic menu" (2erdy and Molino, 1974). 

A t  any given time the  subject can se lec t  e i the r  of a par t icular  pa i r  of 

sounds t o  be present. This pai r  is  available t o  t h e  subject during a 

i s  presented i n  Fig. 3. Here t h e  curve connecting t h e  sol id  c i r c l e s  

represents t h e  measurement of equal aversion levels  (EAL) f o r  t h e  eight 

113-octave bands of noise. Data a re  also shown f o r  EAL l eve l s  fo r  pure 

tones, a s  well as other data  from other weighting contours: A-weighted 

sound l w e l  (SLA) , "loudness" l eve l  ( ISO ) , and "perceived noise" l e v e l  
r 

(PNL) . Thus t h e  f i r s t  procedure developed a t  NBS affords a determina- 

t ion of t h e  r e l a t i v e  aversiveness (annoyance ) due t o  different  frequency 

components of t h e  sound. 

The second procedure, a variable-interval escape schedule, can provide 

similar data  by means of a qui te  d i f ferent  response contingency. The 

experimental session starts with an intense acoustic stimulus being 

presented t o  t h e  subject. Instead of tapping rapidly on t h e  telegraph 

key t o  earn decrements i n  sound in tens i ty ,  i n  t h i s  instance a much slower 

r a t e  of responding on t h e  telegraph key w i l l  produce variable in tervals  

of s i lence  o r  so f t  background noise. If t h e  subjects do not respond, 

they w i l l  remain exposed t o  t h e  intense acoustic stimulus. Here t h e  

r a t e  of responding on t h e  key i s  taken as a measure of the  aversiveness 

of t h e  sound (wakeford, 1974). 

The t h i r d  procedure determines the  preference re la t ions  among 

10 min experimental session. I n  addition, which sound of the  pa i r  is  

present a l ternates  automatically on an intermit tent  schedule. Thus the  



subjeqt must emit a number of responses i n  order  t o  spend a la rger  pro- 

portion of t h e  time i n  t h e  preferred stimulus. By t e s t i n g  many such 

pai rs ,  a preference s t ruc ture  may be ascertained f o r  t h e  col lec t ion  of 

sounds. 

I n  a l l  of these  procedures t h e  subjects  have some degree of control 

over t h e  sound. However, no verbal  descript ions a r e  used t o  es tabl i sh  

a c r i t e r i o n  for  what t h e  subjectst  response t o  t h e  sound should be. We 

simply observe a t  what in tens i ty  l e v e l  people begin t o  escape o r  avoid 

a given acoustic stimulus. Since such experimental sessions a r e  r a the r  

unstructured and t h e  subJects need not do anything with t h e  sciund i f  

they do not want t o ,  t h e  subjects  a r e  typica l ly  simultaneously engaged 

with another task.  Often, while t h e  sounds are introduced, they w i l l  

be learning t o  read and wri te  Russian from a teaching machine. We have 

a l so  employed programmed instzuction i n  English and mathematics, a s  

well a s  anagram and number games. 

These addit ional  t a sks  serve several function;. F i r s t ,  they 

eliminate boredom, which of ten  r e s u l t s  i n  t h e  subjects  manipulating 

the  sound merely t o  avoid sensory depriuation. Second, these t a sks  

provide a challenging a c t i v i t y  t h a t  improves t h e  motivation of t h e  

subjects  toward overa l l  par t ic ipa t ion  i n  t h e  experiment. Third, they 

make t h e  laboratory s i tua t ion  a b e t t e r  simulation of t h e  natural  environ- 

ment. When people a re  annoyed by noise, they a r e  usually not concentrating 

on t h e  noise alone i n  an otherwise impoverished sensory and i n t e l l e c t u a l  

surrounding. More r e a l i s t i c a l l y ,  they are  probably engaged i n  some other 

a c t i v i t y  t h a t  is  holding most of t h e i r  a t t en t ion ,  and are  attempting t o  

ignore t h e  sound a s  much a s  possible. 
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PROPOSED EXPERIMENT 

The three  procedures being developed a t  NBS could be eas i ly  adapted 

t o  provide information on the  aversiveness (anncyance) due t o  speech 

interference by noise. Iilstead of the  programmed instructional  material 

presently used i n  the  experiments, a speech recognition task  could be 

substituted. A t  t h e  same time the  subjects could be ?emi t t ed  t o  a l t e r  

t he  acoustic environment t o  a limited extent, Probably t he  most promising 

method i n  t h i s  regard would be a modified version of the  "acoustic menu". 

With t h i s  technique, subjects could make pair-wise choices of which 

acoustic stimulus would be present for  a majority of t he  time spent i n  

t he  experimental session. Other procedures might be t r i e d  as well, such 

as  adjustment techniques and in terval  schedules of reinforcement. The 

"acoustic menu" would be t he  most l i ke ly  first candidate, however, because 

it is t he  l e a s t  time-dependent of the  procedures. 

In any case, t he  main t ask  of t he  subject would be the  recognition 

of t e x t u d  material o r  word l is ts  presented e i the r  visually or  aurally. 

During some experimental sessions the  words would be presented visual ly  

over a closed-circuit te levis ion monitor. The words would appear i n  

sequence, br ief ly ,  and one at a time. The subjects would be instructed 

t o  write down t h e  words as  they perceived them. During other experi- 

mental sessions, similar words would be aurally presented a t  the  same 

r a t e  over earphones o r  loudspeakers - t h e  same transducers that  would 

deliver the  in terfer ing noises. Again the  subjects w0uJ.d write down 

the  words perceived. If the  "acoustic menu" i s  employed, during both 

types of sessions the  subjects could select  which of a pa i r  of sounds 



would be present a t  any given time, These sounds could be continuous 

pure tones o r  one-third octave bands of noise i n  a theore t ica l  study, 

simulated steady-state spectra of various types of  a i r c r a f t  noise, o r  

recordings of ac tual  a i r c r a f t  fly-overs i n  a more applied investigation. 

The l a t t e r  time-varying s ignals  would present several  addit ional ,  though 

not insurmountable, d i f f i c u l t i e s ,  however. The t r ans ien t  nature of t h e  

acoustic stimulus would make analysis  of interference with the  perception 

of verbal  message more d i f f i c u l t .  In addition, e i the r  a syxhroniza t ion  

of t h e  fly-over acoustic envel -~es  i n  both channels, o r  a ref rac tory  re- 

sponse period during a given fly-over envelope would have t o  be incorpo- 

ra ted  i n t o  t h e  preference assessment portion of the  "menu" procedure. 

By pair ing a sample of noises at d i f ferent  in tens i ty  l e v e l s  with each 

other and with some pleasant-sounding background sound, a preference 

s t ruc ture  could be generated f o r  t h e  sounds under investigation. 

If t h e  same preference s t ruc ture  is  found f o r  both v isual ly  

presented and aura l ly  presented work conditions, then t h e  aversiveness 

of the  sounds would be primarily due t o  the  hedonic component, If t h e  

aura l ly  presented word condition produces a s igni f icant ly  d i f ferent  

preference s t ruc ture ,  t h i s  difference would represent t h e  unique contri- 

bution t o  t h e  aversiveness of t h e  sounds made by interference with 

perceived speech. In  e i the r  case, speech interference measures, i .e .  

percentage of words perceived correct ly,  could be calculated f o r  both 

verbal presentation conditions. The speech interference experienced 

with each of t h e  sounds could then be compared with t h e  r e l a t i v e  

preference f o r  t h e  sound t o  determine t o  what extent t h e  l e a s t  preferred 

sounds were a lso  those t h a t  most in ter fered  with speech i n t e l l i g i b i l i t y .  
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If t h e  st imuli  consist  of pure tones or  bands of noise ~t various 

in tens i ty  levels ,  more sophist icat ion can be achieved. In  t h i s  case, 

indifference contours can be determined i n  t h e  frequency-intensity plane. 

That is, fo r  each frequency an in tens i ty  l eve l  may be determined tha t  i s  

equally preferred or  nun-preferred t o  some in tens i ty  l e v e l  a t  another 

frequency. 

Thus, a psychophysical indifference function can be deSaed similar  

t o  an "equal loudness" o r  "equal noisiness" contour. Furthermore, two 

such indifference contours can be found, one fo r  t h e  aura l  condition and 

one f o r  the  v isual  condition. The difference between them would represent,  

a t  each frequency, t h e  r e l a t i v e  contribution of the  aversiveness (annoyance) 

due t o  speech interference, as  opposed t o  t h e  aversiveness (annoyance) due 

t o  hedonic a t t r i b u t e s  alone. Likewise, two equal speech interference con- 

tours  could be found, one fo r  each condition. The difference between 

these interference contours would represent t h e  re la t ive  contribution of 

interference with t h e  aural  perception of speech as opposed t o  in te r fe re tce  

with semantic processing i n  general (d is t rac t ion) .  Thus the  proposed ex- 

periment could assess the  re la t ive  speech interference suffered a t  each 

frequency, and t h e  re la t ive  aversiveness (annoyance) at each frequency 

due t o  tha t  speech interference . 
In  t h i s  manner an algorithm might be generated t o  measure 

quanti tat ively both speech interference by noise and t h e  resul t ing  

annoyance experienced by t h e  l i s t ener .  Such an algorithm might then be 

applied t o  t h e  design of auditoria,  classrooms, off ices ,  or te levis ion 

viewing s i tua t ions  where noise interference is  anticipated from a i r c r a f t ,  

highways, rai lroads,  or  other noise sources. 
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SPEECH INTELLIGIBILITY. 

Moet epoech i n t e l l i g i b i l i t y  t e s t i n g  has employed stead:,. s t a t e  noise 8s a 

masker. Unfortunately, most noise encountered i n  our home environments is of 

a time varying nature.  To explore cpeech i n t e l l i g i b i l i t y  i n  the  more conmonly 

encountered time varying noise,  t e s t s  were conducted using recordings of 

t r a f f i c  noise and shaped broadband noise a s  speech maskers, 

Tee t Deecriprion 

Six  two-syllable (spondee) words were randomly presented t o  subjec ts  

during f i v e  minutes of recorded t r a f f i c  noise.  The words were presented i n  

rapid succession and the  subjec ts  were asked t o  push one of s i x  buttons 

correeponding t o  words they had heard. Ten d i f f e r e n t  s e t s  of s i x  words were 

u t i l i z e d  f o r  most of the  t r a f f i c  noise samples. However, average eound 

preseure l e v e l s  of each of the  ten  groups varied by only 5 1 dB. Therefore, 

the  small varie.tion among the  mean l eve l s  of the word s3ts permitted pooling 

of t he  data  from the ten  s e t s  i n  determining the i n t e l l i g i b i l i t y  of the words. 

A block diagram of the test setup is  shown i n  Figure 1. 

The t r a f f i c  noise samples ranged i n  v a r i a b i l i t y  a s  shown by the eamples 

of cumulative d i s t r i b u t i o n  i n  Figure 2. L10 - LS0 values ranged from .4 

db(A) f o r  the  eteady s t a t e  shaped noise t o  2 dB(A) f o r  f r ee ly  flowing 

r e l a t ive ly  eteady t r a f f i c  noise.  For the highly var iab le  case, the L10 - 
LS0 values were 8 dB(A) . 

Other t e s t e  were performed using the  broadband shaped noise and 8 lists 

of SO phonet ical ly  balanced (YB) words. To determine the e f f e c t  of voice 



levels, the l e v e l  of the  word lists was varied t o  obta in  various percentages 

of cor rec t  words f o r  each of the word lists. 

Results 

In  order t o  determine Ar t icu la t ion  Index values,  the speech spec -rum was 

determined f o r  the lists of PB words and spondee words. Figure 3 shows an 

example of the spectrum f o r  4 lists of spondee words. I n  addi t ion  the  

speech spectrum from the  ANSI Standard S-3.5, 1969, is given f o r  comparison. 

A s  might be expected, the  speech spectrum used i n  the  standard has a c e r t a i n  

amount of smoothing s ince  i t  is meant t o  represent  an average of severa l  

d i f fe ren t  speakers. Figures 4 and 5 show the  i n t e l l i g i b i l i t y  functions f o r  

the  time varying t r a f f i c  noise u t i l i z i n g  spondee words. The l i n e s  on the  

f igures  i nd ica t e  in te rpola ted  psychometric functions through the  da t a  poin ts  

which a r e  aggregate percent cor rec t  scores  f o r  a panel of 4 observers. The 

shapes of t he  functions e r e  not unlike the  more conventional funct ions 

u t i l i z i n g  steady noise.  Figure 6 shows the  r e s u l t s  using PB words and 

shaped broadband noise ,  The function is not a s  s teep ,  primarily because the  

number of words i n  the  PB word l i s t  was grea te r  than the  closed s e t  of 6 

words employed i n  the spondee t e s t .  Frorc Figures 4 and 5,  t he  percent 

cor rec t  spondee words can be determined f o r  various speech l eve l s .  

Discussion 

To compare the  i n t e l l i g i b i l i t y  funct ions of the  various samples of 

t r a f f i c  noise,  the r e s u l t s  were a l l  normalized t o  an L of 60 dB(A) f o r  t he  eq 

t r a f f i c  noise samples. The shaded area on Figure 7 represents  t he  range of 

a l l  of the  i n t e l l i g i b i l i t y  functions f o r  the various t r a f f i c  noise samples. 



The narrow width of the shaded area suggests t h a t  the  v a r i a b i l i t y  of the  

t r a f f i c  noise samples w a s  no t  a  f ac to r  i n  determining the  i n t e l l i g i b i l i t y  

functions. The one exception was t r a f f i c  noise sample No. 2 which, i n  

general ,  required a  higher speech l eve l  f o r  obtaining a  given percent cor rec t  

of spondee words. However, there was no p a r t i c u l a r  t rend i n  the  r e s u l t s  

which would ind ica t e  t h a t  a  more o r  l e s s  var iab le  noise was more o r  l e s s  

i n t e r f e r i n g  with speech communication. In  f a c t ,  t he  standard deviat ion of 

no ise  l eve l s  required t o  produce a  90 percent i n t e l l i g i b i l i t y  score was only 

1.3 dB including the r e s u l t s  of t r a f f i c  noise sample No. 2. It should be 

remembered, however, t h a t  i f  the v a r i a b i l i t y  of the  noise d i s t r i b u t i o n  is 

g rea t e r  than f o r  the  samples of t r a f f i c  no ise  u t i l i z e d  i n  t h i s  study, the 

e f f e c t  of v a r i a b i l i t y  may become important. This might wel l  be t rue  f o r  t he  

a i r c r a f t  no ise  s i t ua t ion .  

Figure 8 shows the  r e s u l t s  of the  study i n  terms of Ar t icu la t ion  Index. 

Also shown i n  the  graph a r e  the  r e s u l t s  from other  s tud ie s  a s  depicted i n  t h e  

Ar t icu la t ion  Index Calculation Standard (ANSI 3.5 - 1969). The r e s u l t s  

c l e a r l y  show t h a t  f o r  the  spondee words which were t e s t ed  6 a t  a  time, the  

percent  cor rec t  versus Ar t icu la t ion  Index is  a very s teep  funct ion,  and 

people were ab l e  to  score near 100 percent cor rec t  f o r  a  r e l a t i v e l y  low 

Ar t icu la t ion  Index. The PB word i n t e l l i g i b i l i t y ,  however, was more nearly 

t yp ica l  of o ther  t e s t s  which have been conducted f o r  speech i n t e l l i g i b i l i t y .  

A s  might be expected, the  words which were chosen from a list of 400 

appeared t o  have a  g rea t e r  i n t e l l i g i b i l i t y  than the words taken from a l ist  

of 1000 according t o  Figure 8. 



Recommendations 

It appears that the major missing link in determining intelligibility of 

various time varying noise sources is an indication of the vocal levels or 

speech levels which are typically employed in every day situations. Most of 

the measurements of speech levels have been obtained utilizing recordings of 

word lists or continuous discourse in an anechoic chamber. This would 

suggest that recordings be made in a home situation using actual conversation 

rather than the reading of a word list or standard paragraph. In addition, 

some studies should be performed using aircraft noise source rather than 

traffic noise especially since the cumulative distribution functions would be 

significantly different from those employed for the traffic noise situations 

in this test. It would also be useful to obtain additional information on 

the intelligibility of word lists presented for the first time. Most of the 

work that has been done on intelligibility has utilized repeated presenta- 

tions of a word list to overcome the learning effect. However, in every day 

conversation one would be interested in the intelligibility of the first 

utterance as opposed to establishment of a master list of words from which 

the word lists are derived. 

ANNOYANCE 

In addition to speech intelligibility per se, there is some annoyance 

associated with traffic noise either due to the speech interruption it causes 

or the annoyance of traffic noise itself. Additional tests were performed to 

investigate the annoyance of the timc varying characteristics of traffic 

noise. 



Test Description 

The general  setup is similar t o  t h a t  described undei the speech 

i n t e l l i g i b i l i t y  t e s t s  except t h a t  continuous discourse was used i n  addi t ion  

t o  t he  spondee words f o r  speech mater ial .  Ths continuous discourse consis ted 

of a r t i c l e s  taken from the Wall S t r e e t  Journal and recordings of old radio 

shows. The t r a f f i c  noise samples were s imi l a r  to  those employed i n  the speech 

i n t e l l i g i b i l i t y  t e s t s ,  but  more extreme cases were u t i l i z e d  a s  indicated i n  

Figure 9 ,  For t h i s  t e s t ,  annoyance r a t ings  of the t r a f f i c  noise samples 

which were 5 minutes i n  durat ion were obtained both with and without speech 

present.  Three questions were asked about the  speech mater ial  presented. 

This was mainly done t o  insure  t h a t  the subjec ts  would l i s t e n  t o  the speech 

mater ial .  However, the answers to  the questions were employed a s  a measure 

of the  comprehension of the speech mater ia l  presented, 

Results 

Figure 10 shows the r e s u l t s  of annoyance r a t i n g s  of a p a r t i c u l a r  sample 

of t r a f f i c  no ise  i n  which the  speech l e v e l  of spondee words was varied.  A s  

can be seen crom the  p l o t ,  the  annoyance l e v e l  decreases a s  the speech l e v e l  

increases .  I n  o ther  words, a s  the  speech mater ia l  becomes more and more 

i n t e l l i g i b l e ,  the  annoyance of the t r a f f i c  noise i s  lessened. This appears 

t o  be t rue  a t  l e a s t  f o r  Leq values of t r a f f i c  noise 60 dB and lower. Figure 

11 shows the annoyance r a t ings  of the various t r a f f i c  no ise  samples without 

speech present .  Similar ly,  Figures 12 and 13  show the annoyance r a t ings  of 

the same annoyance samples with speech present a t  varying degrees of compre- 

hension, The p l o t s  ind ica te  qu i t e  a b i t  of s c a t t e r  i n  the t e s t  r e s u l t s .  



However, i n  general ,  i t  appeared t h a t  f o r  low and moderate comp.:ehension, 

the annoyance values a r e  higher than one f inds  f o r  high comprehension o r  f o r  

no speech present  a t  a l l .  Because of the l a rge  s c a t t e r  i n  the p l o t s ,  the  

regression l i n e s  normally drawn through such a da ta  were not employed. 

Rather the  average sound l eve l s  f o r  each of t he  annoyance category r a t ings  

were determined and a r e  p lo t ted  i n  a summary graph a s  shown i n  Figure 14. 

Here i t  is c l e a r l y  shown t h a t  f o r  the low le-rels of t r a f f i c  noise ( l e s s  than 

Leq = 60), h e  annoyance r a t ing  f o r  cases of t r a f f i c  noise where speech was 

present  but a t  a low t o  moderate i n t e l l i g i b i l i t y ,  the annoyance r a t i n g  w a s  

g rea t e r  than f o r  the r a t i ngs  of t r a f f i c  noise where no speech was present  a t  

a l l .  

Figure 15  shows a p l o t  of the  number of questions co r r ec t ly  answered 

versus a measure of v a r i a b i l i t y  described by the d i f fe rence  of L10 and LS0 

measurements of the t r a f f i c  noise.  One can see  from the f igure  t h a t  a s  t he  

v a r i a b i l i t y  increases  f o r  a given l e v e l  of Leq, the comprehension of the  

speech mater ial  increases  t o  a maximum value and then decreases s l i g h t l y  a s  

the  v a r i a b i l i t y  continued to  increase. Actually, the decrease i n  comprehen- 

s i o n  a s  v a r i a b i l i t y  increases  beyond 4 dB is probably a t e s t  a r t i f a c t  and 

t h a t  more : :ea l i s t ica l ly  the  comprehension might be expected t o  reach a 

p la teau  ra ther  than decrease f o r  the higher v a r i a b i l i t y  leve ls .  A s  a f u r t h e r  

ind ica t ion  t h a t  annoyance is  a funct ion of speech comprehension i n  the  

presence of time varying t r a f f i c  noise,  Figure 16 provides a p l o t  of the 

r e l a t i o n  between annoyance r a t ing  and the number of questions co r r ec t ly  

answered. A s  might be expected, a s  the  number of questions cor rec t ly  answered 

increases ,  the  annoyance of the time varying t r a f f i c  noise decreases. 



Discussion 

For l eve l s  of noise Leq = 60 dB(A) o r  below, the l e v e l  of speech can 

a f f e c t  the  annoyance r a t ing  of t r a f f i c  noise.  In  o ther  words i f  you f ind  i t  

d i f f i c u l t  t o  hear  the radio o r  TV o r  someone speaking, you would be more 

annoyed a t  a given l e v e l  of background noise than i f  you were ab le  t o  compre- 

hend the  speech mater ial .  Also, the v a r i a b i l i t y  of the t r a f f i c  noise can 

a f f e c t  i ts annoyance ra t ing .  Figure 17 shows a sumnary of the annoyance 

r a t i n g  versus v a r i a b i l i t y  f o r  conditions with and without speech present .  

For t he  case with speech present ,  it is c l e a r  t h a t  a s  the v a r i a b i l i t y  becomes 

higher the  anrioyance is reduced. This is i n  d i r e c t  contradict ion t o  the 

philosophy employed i n  the development of the Noise Pol lu t ion  Level (NPL). 

Figure 17 a l so  suggests t h a t  the increased v a r i a b i l i t y  a l s o  reduces the  

annoyance r a t i n g  of t r a f f i c  noise without speech present ,  however, the  

subs tan t ia t ing  data  is not a s  conclusive a s  f o r  the case with speech present .  

Recommendations 

It is recommended t h a t  addi t iona l  t e s t s  be conducted using a i r c r a f t  

noise a s  s t imu l i  t o  check the  annoyance r a t ings  when speech is present ,  and 

a l s o  t o  determine the e f f e c t  of v a r i a b i l i t y  u t i l i z i n g  a i r c r a f t  noise samples 

instead of t r a f f i c  noise samples. 
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Note; Shaded Area Indicates Data Spread 
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FIGURE 3 . -  SPEECH SPECTRA 
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FIGURE 4.- INTELLIGIBILTY OF SPONDEE WORDS WITH TIME VARYING NOISE 
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FIGURE 5.- INTELLIGIBILITY OF SPONDEE WORDS WITH TIME VARYING 
TRAFFIC NOISE (L = 65 ~ B A )  
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EFFECTS OF THREE ACTIVITIES ON ANNOYANCE 

RESPONSES TO RECORDED FLYOVERS 

By Walter J.  Gunn and W i l l i a m  T. Shepherd, NASA Langley Research Center,  
Hampton, V i r g i n i a ,  and John L. F l e t c h e r ,  Memphis S t a t e  Univers i ty ,  Memphis, 
Tennessee 

ABSTRACT 

Subjec t s  p a r t i c i p a t e d  i n  a n  experiment i n  which they were engaged i n  TV 

viewing, te lephone l i s t e n i n g ,  o r  r e v e r i e  (no a c t i v i t y )  f o r  a  112-hour sess ion .  

During t h e  s e s s i o n ,  they were exposed t o  a  s e r i e s  of recorded a i r c r a f t  sounds 

a t  t h e  r a t e  of one f l i g h t  every 2  minutes. Within each s e s s i o n ,  f o u r  l e v e l s  

of f lyover  no i se ,  separated by 5dB increments,  were presented s e v e r a l  t imes  i n  

a  L a t i n  Square balanced sequence. The peak l e v e l  of t h e  n o i s i e s t  f lyover  i n  

any s e s s i o n  was f i x e d  a t  95, 90, 85, 75, o r  70 dBA. A t  t h e  end of t h e  t e s t  

sess ion ,  s u b j e c t s  recorded t h e i r  responses  t o  t h e  a i r c r a f t  sounds, u s i n g  a  

b ipo la r  s c a l e  which covered t h e  range from "very p leasan t"  t o  "extremely 

annoying." Responses t o  a i r c r a f t  n o i s e s  were found t o  be s i g n i f i c a n t l y  a f f e c t e d  

by t h e  p a r t i c u l a r  a c t i v i t y  i n  which t h e  s u b j e c t s  were engaged. Furthermore, 

not a l l  s u b j e c t s  found t h e  a i r c r a f t  sounds t o  be annoying. 

INTRODUCTION 

I n t e r f e r e n c e  wi th  TV viewing is a  major a i r c r a f t  no i se - re la ted  problem of 

a i r p o r t  community r e s i d e n t s  ( r e f .  1). Williams, Stevens,  and K l a t t  ( r e f .  2 )  

used a 10-point r a t i n g  s c a l e  t o  o b t a i n  judgments of t h e  a c c e p t a b i l i t y  of 

ind iv idua l  a i r c r a f t  f lyover  n o i s e s  whi le  s u b j e c t s  e i t h e r  watched t e l e v i s i o n  

o r  d i d  not  watch t e l e v i s i o n .  The r a t i n g s  wi th  o r  without TV viewing were almost 



identical. Langdon and Gabriel (ref. 3) conducted a series of experiments in 

which subjects watched videotaped television programs and, at the end of each 

period, rated the acceptability of the total noise exposure during that period. 

In these experiments, noise level was found to produce "significantly" less 

effect than predicted by the Williams, Stevens, and Klatt (ref. 2) data. The 

authors concluded further that "there is, however, almost certainly some positive 

effect, which contradicts a pure masking hypothesis." Given, however, the 

number of subjects per group and 95 percent confidence limits of about one unit, 

it is difficult to accept this conclusion without a test for significance. 

There is no obvious effect of level on acceptability which can be seen in their 

Experiments I and I1 data. 

A model of human response to aircraft noise was recently developed by Gunn 

and Patterson (see Appendix A). This dynamic stress-reduction model predicts, 

among other things, that subjects engaged in different activities, when exposed 

to the same aircraft noise environment will respond with differing degrees of 

expressed annoyance. In order to test this hypothesis and learn the extent to 

which the specific activity engaged in effects one's annoyance reaction to 

aircraft noise, a laboratory experiment was performed as a part of a joint NASA/ 

Memphis State University research program and is described in this report. 

PROCEDURE 

Subjects 

Subjects were 324 members of the university co~munity at Memphis State 

University. All were screened for normal hearing and those with HL greater 

than 20 dB (ISO) were excluded from the study. Hearing of subjects was 



evaluated by a graduate  s tuden t  i n  audiology a t  t h e  Memphis Speech and Hearing 

Center. Sub jec t s  were paid  f o r  t h e i r  p a r t i c i p a t i m  i n  t h i s  experiment. 

Method 

The 324 s u b j e c t s  were randomly Oivided i n t o  t h r e e  groups of 108. Each of 

these  groups were exposed ( i n  subgroups of 6) t o  112-hour of releorded a i r c r a f t  

landing n o i s e s ,  A t  t h e  end of t h e  112-hour s e s s i o n ,  s u b j e c t s  were asked t o  

i n d i c a t e  t h e i r  genera l  response t o  t h e  a i r c r a f t  sounds they had heard.  The 

f i r s t  group ( r e v e r i e  group),  which was comprised of 1 8  subgroups of 6, fiimply 

sat and l i s t e n e d  t o  t h e  a i r c r a f t  no i ses .  The second group watched a p r e f e r r e d  

TV show dur ing exposure t o  t h e  a i r c r a f t  n o i s e  and t h e  t h i r d  group l i s t e n e d  t o  a 

recorded Modified Rhyme Tes t  over a telephone dur ing  t h e  a i r c r a f t  no i se  exposure. 

I n  s h o r t ,  t h r e e  groups of s u b j e c t s  were exposed t o  recorded a i r c r a f t  no i ses  and 

made judgments of annoyance a t  t h e  end of t h e  112-hour s e s s i o n .  The only 

d i f f e r e n c e  i n  cond i t ions  between t h e  t h r e e  groups was t h e  a c t i v i t y  i n  which t h e  

s u b j e c t s  were engaged d u r i n g  t h e  exposure t o  t h e  a i r c r a f t  no i ses .  Table 1 shows 

t h e  test sequence f o r  each of t h e  t h r e e  groups. 

Reverie 

Sub jec t s  were ushered i n t o  t h e  test room and seated.  S e a t s  were arranged 

before  a loudspeaker so  t h a t  t h e  n o i s e  exposure would be equ iva len t  f o r  a l l  

s u b j e c t s  who were then  l e f t  t o  themselves f o r  a per iod of 15 minutes,  Th i s  time 

was needed t o  provide a uniform experimental  s i t u a t i o n  compared t o  t h e  o t h e r  

two a c t i v i t i e s .  Talking was permit ted  i n  t h i s  p r e t e s t  per iod.  Near t h e  end of 

t h e  15-minute pe r iod ,  t h e  experimenter reen te red  t h e  room and read t h e  

i n s t r u c t i o n s  given i n  Appendix B, Afte r  t h i s ,  t h e  experimenter l e f t  t h e  room 



and a t a p e  record ing  of a i r c r a f t  f l y o v e r  sounds was a c t i v a t e d .  The same a i r c r a f t  

r ecord ing  was used dur ing  a l l  t h r e e  a c t i v i t i e s .  These f l y o v e r  sounds and t h e  

method of p r e s e n t a t i o n  a r e  deecr ibed i n  t h e  Apparatus and S t i m u l i  s e c t i o n s  of 

t h i s  r e p o r t .  A t  t h e  end of t h e  exper imenta l  s e s s i o n ,  t h e  experimenter en te red  

t h e  room and d i s t r i b u t e d  c o p i e s  of t h e  response  s h e e t  which is shown i n  f i g u r e  1. 

The s c a l e  used was b i p o l a r  and s u b j e c t  responses  were n o t  b iased by t h e  u s e  of  

p l u s  o r  minus s i g n s  a t  e i t h e r  end of t h e  s c a l e .  S i m i l a r l y ,  t h e  f l y o v e r  s t i m u l i  

were never desc r ibed  as " a i r c r a f t  no i ses t '  but  r a t h e r  a s  " a i r c r a f t  sounds. I' 

TV Viewing 

Sub jec t s  were ushered i n t o  t h e  test room and s e a t e d  i n  an  a r c  b e f o r e  a c o l o r  

t e l e v i s i o n  s e t .  The TV s e t  was s i t u a t e d  i n  f r o n t  of t h e  loudspeaker mentioned 

p rev ious ly ,  a s  i t  was i n  t h e  no-task cond i t ion .  These s u b j e c t s  had earlit.;: 

i n d i c a t e d  t h a t  t h e  program they were about t o  watch was one of t h e i r  f a v o r i t e  

programs. The TV s e t  was tu rned  on and t h e  s u b j e c t s  were read t h e  i n s t r u c t i o n s  

shown i n  Appendix C and t h e  TV audio  volume c o n t r o l  was a d j u s t e d  t o  a l e v e l  

accep tab le  t o  a l l  s u b j e c t s .  Two minutes p r i o r  t o  t h e  beginning of t h e  program, 

t h e  s u b j e c t s  were read t h e  i n s t r u c t i o n s  shown i n  Appendix B. The TV s e t  was 

then turned on t o  t h e  s e l e c t e d  program and t h e  experimenter l e f t  t h e  room, The 

a i r c r a f t  f lyover  n o i s e  t a p e  was immediately a c t i v a t e d  a t  t h e  beginning of t h e  

TV program. A f t e r  t h e  last a i r c r a f t  f lyover  i n  t h i s  s e s s i o n ,  t h e  t e l e v i s i o n  

s e t  was l e f t  on s o  a s  not  t o  cause  changes i n  s u b j e c t s '  annoyance t h a t  would be  

unre la ted  t o  t h e  f lyover  sounds. The experimenter q u i e t l y  d i s t r i b u t e d  cop ies  of 

t h e  response  s h e e t  shown i n  f i g u r e  1 and i n d i c a t e d  t h s t  they were t o  complete 

t h i s  form according t o  t h e  w r i t t e n  i n s t r u c t i o n s .  Af te r  all s u b j e c t s  had 

completed t h i s  response form, t h e  experimenter c o l l e c t e d  them and d i s t r i b u t e d  

cop ies  of t h e  response  form shown i n  f i g u r e  2 .  



Telephone Listening 

Prior to the beginning of this phase of the experiment, a pilot study was 

conducted with several listeners to determine the playback levels that would 
b 

be required to achieve an average of about 90 percent correct on the speech 

interference tests, in quiet. This was done so that performcice on the tests 

would be degraded even further during simulated aircraft flyovers. It must be 

remembered that the measure of primary concern here was annoyance related to 

the interference with telcphone use, not speech intelligibility, per se. It 

was necessary to use an intelligibility test to provide a device that would 

hold subjects' attention to verbal stimcli. 

Subjects in this phase of the study were i~shered into the test room and 

seated. Beside each seat was a telephone handset. The subjects heard the 

instructions shown in Appendix D. The first instruction was rehd to the subjects 

by the experimenter. The second instruction was tape recorded and given to the 

subjects over the telephone handsets. Following these recorded instructions, 

the experimenter read to the subjects the instructions shown in Appendix B. 

(These latter instructions were read to all subjects in each phase of the 

experiment, thus providing maximum uniformity in instructions.) The experimenter 

then left the xc.>rn and the recorded speech and aircraft noise stimuli were 

presented. 

Six lists of the Modified Rhyme Test (MRT) as developed by House, et al., 

1963 (ref. 4) were presented to subjects. The answer ensembles in these tests 

consist of six words each with a sotal of 50 ensembles per teat. Prior to 

tape recording the tests, the correct word from each ensemble was selected by 



use of a table of random numbers. The tests used are shown in Appendix E. The 

recorded test word is underlined in each ensemble. Subjects' response forms 

were identical to the lists shown in Appendix E, except that no words were 

underlined, of course. Subjects were required to draw a line through the 

correct word in each ensemble per the instructions given in Appendix D. At 

the end of the experimental session, the experimenter collected the speech test 

response forms and distributed copies of the response form shown in figure 1. 

These forms were then completed by the subjects and collected by the experimenter. 

Apparatus 

The apparatus used in this experiment is shown in block diagram form in 

figure 3. During the TV viewing and reverte conditions, the speech track 

was disconnected at the tape recorder. The voltmeter was used to set noise and 

s~oech levels prior to each experimental session. The color TV set was 

positioned in front of the Klipschorn speaker in such a way that it did not 

significantly block the sound output from the speaker during presentation of 

aircraft flyover sounds. The test room was a 15 x 24 ft room furnished to 

resemble a living room. Ambient noise level in the room was 43 dBA as determined 

with a sound level meter set on slow reading positicn. 

Stimuli 

Aircrsft noise.- Each subgroup of subjects was exposed to a 1/2-hour 

duration playback of recorded Boeing 747 landing sounds at the rate of one 

overflight every 2 minutes. In order to make the noise expusure a little more 

realistic, the peak levels of the individual flyove- noise were varied from 

one overflight to the next. Within any session, there were four peak levels 

of aircraft noise, designated A, B, C, and D. There were 16 overflights during 



each 30-minute session and there were four overflights at each level A, B, C, 

and D, in a balanced Latin Square sequence. Table I1 shows the corresponding 

sound levels for each peak flyover level and figure 4 shows a plot of noise 

level, in dBA, versus time. For each activity, the aircraft noises, in general, 

were presented at six intensities, designated "Intensity 1, 2, 3, 4, 5, 6." 

As can be seen by inspection of Table I1 and figure 4, the most intense aircraft 

sound in intensity 1 is 70 dBA peak and the other peak levels within that 

session decrease to 55 dBA in 5 dB increments. Likewise, in intensity 2, the 

most intense aircraft sound is 75 dBA and the quietest is 60 dBA, and so on. 

Speech stimuli.- The experiment involved the presentation of speech as well 

as aircraft flyover sound stimuli. The same flyover stimuli were presented during 

all three activities, i.e., reverie, TV viewing, and telephone listening. 

Controlled speech stimuli were presented only during the telephone listening 

phase of the experiment. The two sets of stimuli (aircraft and speech) were 

recorded on two tracks of a single tape. This provided synchrony between the 

speech and flyover stimuli. The speech stimuli were recorded in a commercially 

available sound treated room by a speaker of general American English. Speech 

stimuli were recorded at the rate of approximately one word every 6 seconds. 

The test word was appended to the phrase; "number is 9 " where 

the last blank corresponds to the position of the test word. The talker 

monitored his voice level with a W meter during recording of speech stimuli. 

Speech stimuli were recorded on one tape track on a high quality audio tape 

recorder with a commercially available dynamic microphone. The recorded speech 

material is shown in Appendix E. Speech stimuli were played to listeners 

at constant level such that the speech peaks were approximately 50 dBA in the 

telephone handsets as measured in a 6cc coupler. 



The aircraft flyover stimuli were recorded on the second track of the tape. 

The two tracks were juxtaposed so that the first word of the speech stimuli 

and the beginning of the first flyover occurred at about the same time. 

Flyover levels were calibrated in the test room using a sound level meter. 

A corresponding voltage for a calibration tone on the tape was observed and 

recorded. These voltages were used in subsequent sessions to set the correct 

flyover levels. These calibrations were checked periodically during the 

experiment to insure consistency of stimuli presentation. A diagram showing 

the level of stimuli presented to subjects and the activity they were performing 

is shown in Table 111. 

Stimuli analysis.- The aircraft flyover sounds were recorded as they 

occurred in the test room using commercially available acoustic analysis 

recording equipment. The sounds were recorded at the extreme levels of 95 and 

70 dBA at several seat positions normally used by subjects. In addition, a 

recording of the speech signal was made with one of the handsets coupled to 

the microphone while the aircraft flyover sounds emanated simultaneously from 

the loudspeaker. These recorded stimuli will be analyzed at a computer facility 

and results will be available sometime in the near future for a more detailed 

analysis of the relationships between actual speech interference and the 

physical description of the noise. 

RESULTS 

Figure 5 shows the median annoyance scores versus session intensity level 

for each activity in which S'S were engaged during the aircraft noise exposure. 

The three regression lines were significantly different from each other, i.e., 

the slope of the "telephone listening" line was significantly (pc. 05 by t test) 



different than the slopes of the "TV Viewing" and "Reverie" regression lines 

and median values of the "TV Viewing1' regression line differed significantly 

(p < .05 by median test) from those of the "Reverie1' regression line. Median 

tests of the differences of annoyance at each session intensity show that 

annoyarce resulting from noise interruption of TV viewing at intensity 1 was 

significantly (p< .05) greater than that for either "Reverie" or "Telephone 

Listening,'' while at intensity level 5, the relation is reversed for "TV viewing" 

and "telephone listening." That is to say, in the session in which the loudest 

aircraft noise was 70 dBA peak, those subjects viewing TV expressed greater 

annoyance than those listening to speech stimuli on the telephone or those 

engaged in reverie (no task). As the aircraft noise intensity increased to the 

point where the loudest aircraft sound was 90 dBA peak, the annoyance of those 

engaged in the telephone listening task grew to the point where it was 

significantly greater than the annoyance of those engaged in the other two tasks. 

Table IV shows the frequency distribution of annoyance scores for all 

intensity levels and activities. Note that 17 subjects (over 5 percent of the 

324 who participated in this experiment) reported that the aircraft sounds were 

"pleasant" to hear. 

DISCUSSION 

The results suggest that the "telephone listening" task provides a much 

more sensitive indicator of peoples' overall annoyance response to aircraft 

noise than either "TV viewing" or "reverie" situations. While on the surface 

the results might at first seem to be at variance with past studies which show 

fairly high correlations between noise level and the resulting annoyance reaction 



in the no-task situation, careful consideration of the procedures and conditions 

of this experiment makes the results of this study more understandable. To begin 

with, it is widely known that laboratory subjects judging the loudness or 

noisiness of individual noises covering a given intensity range will quite neatly 

order the stimuli as an increasing monotonic function of the intensity level, 

clearly demonstrating that they can discriminate intensity levels, if nothing 

else. Note, however, that the subjects in these experiments made only one 

judgment of the effect of a 112-hour exposure to aircraft noises presented at 

various intensity levels at the rate of about one flight every 2 minutes. The 

experimental situation was contrived such that the subjects were not required 

to discriminate one intensity from another, but rather that they were to report 

their reactions to one specific exposure condition. This is not to say that the 

subjects did not use a standard against which to compare their reactions to the 

experimental stimuli. They could, conceivably, have an existing internal 

standard developed from real life experiences against which to compare the 

integrated effects of the laboratory noise exposure. The practice of obtetning 

only one response from each subject has much in common with the assessment of 

individual reactions of airport community residents to their own neighborhood 

noise environment. It is common practice in social surveys dealing with 

community response to aircraft noise to ask individuals to rate their own noise 

environment on various numerical category scales. In such studies, the 

respondents are not usually asked to rate more than one noise environment, their 

own. It is not surprising, therefore, that most such studies have found rather 

poor correlations between noise levels in the environment and reported annoyance 

reactions. It is clear from our data that the growth and absolute level of 

ann,yance differ depending on which specific activity is interrupted by the 

intruding aircraft noise. With reference to the stress-reduction model of 

Appendix A, the data support the hypothesis that reaction to noise is modified 



by the nature of the activity engaged in at the time of the noise. A viable 

predictor of annoyance reaction to aircraft noise must then account for the 

I t  dominant" activity in a given community during each sloise exposure period. 

It would not be surprising to find in future experiments still another (and 

totally different) psychophysical function relating annoyance and noise level 

which occurs during and possibly interrupts sleep. The same could be said for 

the reactions of people engaged in various other activities. While both our 

TV viewing task and telephone listening task involved aural communications, the 

telephone listening task differed in a number of important ways. Firstly, 

there was no redundancy built into the speech test presented over the telephone 

while there is a certain amount inherent in the usual TV show. Secondly, 

the importance of speech intelligibility was artifically increased in the 

telephone listening task by offering a bonus for superior speech reception 

scores. The differences in annoyance during TV viewing and reverie suggest a 

possible different basis for the annoyance reaction in each situation. One 

might speculate that the significantly greater annoyance reported by the TV 

viewers in intensity level 1 (where the loudest overflight was only 70 dBA peak) 

may have been due to distracticn, rather than communication interference from 

aasking, per se. 

CONCLUDING REMARKS 

It is concluded that the results of this experiment support the Gunn/ 

Patterson Stress Reduction Model in that the degree of annoyance experienced 

by people exposed to aircraft noise depends upon the nature of the specific 

activity in which they are engaged at the time of the noise exposure. The 

finding that some laboratory subjects, over 5 percent, find the aircraft noises 

to be somewhat pleasant indicates the need for a closer look at the validity of 



laboratory studies, especially those in which subjects are required to respond 

on a unipolar scale of annoyance which does not allow for the possibility of 

some subjects who find the noises, at least in a laboratory setting, to be 

pleasant to hear. The speech communication task appears to be the most 

sensitive procedure for the laboratory assessment of the effects of different 

levels of aircraft noise exposure. 
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TASLE I - TEST SEQUENCE 

I- 15 MINUTES 1 30 MINUTES 1 5 MINUTES 1 5 MINUTES 1 
/Reverie (no task) 

S'S sit and talk freely, i S sits; talking I s ' s  complete I I 
~nstruction "A" read to S's nor pcirltted I I Data Sheet 1 

I I I 

I n ~ t  .-. rc , iorr 'It;" m u  
' 

S listens to telephone1 S ' b  complete 

prac c ice gii5 :n t L J  S ' s ; for speech reception Data Sheet 1 

then it-,,: zuctiori "A ' test -. . I 



TABLE I1 - PEAK AIRCRAFT FLYOVER LEVEL I N  dBA 

-.--. 
Stimulus 

Designator 



TABLE I11 - SURJECT ASSIGNMENTS 

Session Noise Intensity Level 

r 
lPeak Level of Most 
Intense Aircraft 

TV Viewing 

3 1 

I I - 

I 

80 

2 

Noise During 
Exposure, i n  dBA 1 70 

-L - 

S103-S126 

S235-S252 Telephone Listening 

7 5 

S253-S270 S217-S234 

S127-S144 S145-S162 



Very 
Pleasant 

TABLE IV - FREQUENCY DISTRIBUTION OF SCORES 

Neutral 
Subject 

Annoying Response Scale 



APPENDIX Ic. 

THE GUNN/PATTERSON STRESS REDUCTION MOD3L 

Walter J. Gunn 
NAc.2 Langley Research Center 

Hampton, Virginia 

Harrold Patterson 
Tracor, Inc. 
Austin, Texas 



In the development of a methodology for the assessment of community i 

response to aircraft noise, an important concern is the identification cf specific 

measurable changes exhibited by the exposed conununity. Following this, the I 
psychophysical relationships between the cause (noise) and effect (community 

response) need to be determined. To increase the meaningfulness of the 

predicted response, relationships between response categories should also be 

determined. For example, if the mean annoyance of a given community is 4.8 

(on a scale of 6) and this is designated as "very annoying," very little 

information regarding the actual state of mind of the average community 
I 

resident is known. If, hcwever, the relationship between annoyance, desire 1, 
to move out of the neighborhood, health effects, sleep loss, hearing loss, 

activity interruption, and degradation of the perceived quality of life are 

predictable from knowledge of the degree of annoyance, for instance, then the 

information becomes considerably more meaningful to the various users, such 

as aircraft designers, airport operaxrs, pilots, legislatcrs, and public 

administrators. 

Some of the specific measurable changes exhibited by airport community 

residents resulting froil~ aircraft noise can be determined by answers to 

questions in social surveys, while certain behavioral changes can be directly 

observed or traced through official records, such as those of the telephone 

company, real estate offices, and hospitals. However, 2 specific model of 

i~4ividual reaction to aircraft noise is needed in order to determine better 

which specific changes may be anticipated and how they can be measured. 

The initial attempt at formulation of a model* is shown in figure Al. 

This model is based upon the premise that ivdividuals will attempt to reduce, 

*The Stress Reduction Model was developed by id. .I.  Gunn of NASA, Langley 
Research Center and H. 3. Patterson of Tracor, Inc. 



avoid, or eliminate stress in their lives. Stress may be defined here as a 

general state of physical or psychological unrest. The model suggests that 

aircraft noise is perceived within two general contexts: situational and 

human factors. That is, qualities of the individual's physical, social, and 

psychological environments are important in nis perception of the noise. 

Only when the perception is "filtered" through the various meanings 

associated with the noise, through the interruption of activities and/or 

through evaluations of the averrive nature of the noise per se, is stress 

produced. The stress is manifested primarily in the development of negative 

feelings about the noise and in health problems. However, the individual 

will make every attempt to relieve this stress. Two methods are shown: overt 

behavior and internal adjustment. Overt behavior may be of various types, 

including complaint, retreating indoors or out of the neighborhood, and 

soundproofing the home. Internal adjustment is seen in adaptation, habituation, 

rationalization, and resignation to the noise. It is important to note that 

individuals who do not or cannot take overt action or who do not or will not 

make internal adjustments will dev:lop more stress since the development of 

negative iaalings and health problems themselves produce stress. 

A. Stimulus Factors - - The stimulus factors considered important in the 
model are divided into two general categories: noise and vibration. 

(1) Noise 

1. Level 

2. Spectral characteristics 

a. General shape 

b. Discrete frequency content 

3. Temporal characteristics 



a. Time of occurrence 

b. Duration 

c . Impulsiveness 

d. Dwell (~emporal concentration) 

4. Other characteristics 

a. Rate of change of above 

b. Directionality and movement 

(2) Vibration 

1. Level 

2. Spectral content 

3. Onset/offset characteristics 

4. Correlation with tl-e aircraft noise 

5. Generation of secondary sounds (rattles, buzzes, etc.) 

B. Situational Factor: - The situational factors include the following: 
activity engaged in, setting, temporal factors, and other environmental 

conditions. 

(1) Activity engaged in 

The various activities which may be intcrrulted by aircraft 

nois: are: 

1. Relaxat ion (reverie) 

2. Aural communications, whether active or passive, with or 

without visual cues 

3. Sleep 

4. Higher order cognitive functioning such as concentration, 

learning, problem solving, or reading 

5. Physical activities 

(2) Setting 

The settings at times of wise exposure which may influence 

individual reaction are as follows: 
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1, At home o r  away 

2 ,  With o t h e r s  o r  a lone  

3 .  Indoors o r  out 

(3) Temporal f a c t o r s  

The temporal f a c t o r s  which must be  taken i n t o  cons idera t ion  a r e :  

1. Season 

2. Day of week 

3 .  Time of day 

(4) Other environmental  c o n d i t i o n s  

Other environmental f a c t o r s  which might e f f e c t  s t imulus  

cond i t ions  a r e  a s  fol lcws:  

1. Presence and c h a r a c t e r i s t i c s  of n o n a i r c r a f t  sounds 

2 ,  Cl imatological  cond i t ions  

a. Temperature 

b. Re la t ive  humidity 

c .  Atmospheric p ressure  

d .  Wind 

e .  P r e c i p i t a t i o n  

3 .  I l lumina t  i o n  

4 .  E s t h e t i c s  of s u r r o m d i n g s ,  aud i to ry ,  v i s u a l ,  t a c t i l e ,  and 

r !factory 

C.  Human f a c t o r s  - The human f a c t o r s  which may be i n f l u e n t i a l  i n  deterzlining 

one's  response t o  a i r c r a f t  no i se  a r e  divided i n t o  t h r e e  genera l  c a t e g o r i e s  a s  

follows: psychological  f a c t o r s ,  b io log ica l -phys io log ica l  f a c t o r s ,  and 

, demographic f a c t o r s ,  

(I) Psychological  f a c t o r s  



There are at least seven psychological facLors to be considered: 

1. Attitudes 

2 .  Intelligence 

3. Traits 

4. Needs 

5. Self -concept 

6. Values 

7. State 

(2) Biologi=al-physiological factors 

Important biological-physiological factors are: 

1. Auditory sensitivity 

2. Kinesthetic sensitivity 

3. Conditim: rested versus fatigued 

4. General health 

51 State: relaxed versus tense 

(3) Demographic factors 

Possibly important demographic factors are: 

1, Age 

2. Sex 

3. Occupation 

4. Income 

5. Education 

6. Race 

7. Class 

8. Owner/Renter 



9. Length of r e s i d e n c e  

10. Previous  n o i s e  exposure 

11. Dependence on a v i a t i o n  

D. Meening a s s o c i a t e d  wi th  t h e  n o i s e  - Kerr ick ,  e t  a l .  ( r e f .  Al) found 

t h a t  w h i l e  n o i s e s  from a v a r i e t y  of sources  were r a t e d  equa l ly  on t h e  b a s i s  

of loudness  o r  n o i s i n e s s ,  they were no t  e q u a l l y  accep tab le .  Gunn, et a l .  

(unpublished r e s u l t s  of a s tudy conducted by Langley Research Center  personnel  

a t  NASA Wallops S t a t i o n ,  V i r g i n i a )  found t h a t  a i r c r a f t  perceived a s  f l y i n g  

over a n  ib-dividual were r a t e d  a s  mure annoying than a i r c r a f t  perceived a s  

f l y i n g  c i f  t o  t h e  s i d e ,  even a t  t h e  same PNL. Connor and P a t t e r s o n  ( r e f .  A2) 

found t h a t  " fear"  of a i r c r a f t  c rashes  was an i n ~ p o r t a n t  determinent  of annoyance 

w i t h  a i r c r q f t  n o i s e s .  Wilson ( r e f .  A3) found t h a t  a i r c i a f t  n o i s e s  were more 

acceptable.  and less no i sy  than motor v e h i c l e s  a t  t h e  same l e v e l .  Th i s  

s u g g e s t s  t h a t  t h e  meaning a s s o c i a t e d  wi th  :he source  of t h e  sound may have a n  

important  bea r ing  on t h e  degree  of annoyance we f e e l  about v a r i o u s  sounds. 

E. A c t i v i t y  i n t e r r u p t i o n  - I n  a d d i t i o n  t o  t h e  way we may f e e l  about 

exposure t o  unpleasant  sounds o r  t h e  a v e r s i v e  meaning w e  a t t a c h  t o  them, 

annoyance may r e s u l t  i f  t h e  n o i s e  i n t e r f e r e s  wi th  an  ongoing a c t i v i t y ,  such a s  

TV viewing, r a d i o  l i s t e n i n g ,  s l e e p i n g ,  o r  a c t i v i t i e s  r e q u i r i n g  concen t ra t ion .  

The e x t e n t  of a c t i v i t y  i n t e r r u p t i o n  could be assessed  by ques t ions  on a s o c i a l  

survey o r  through p r e d i c t i o n  based on c o c t r o l l e d  l a b o r a t o r y  t e s t s .  There is  

good reason t o  t h i n k  t h a t  i n t e r r u p t i o n  of t h e s e  a c t i v i t i e s  may c o n t r i b u t e  

h e a v i l y  t o  one ' s  o v e r a l l  annoyance wi th  a i r c r a f t  n o i s e .  

F. Unpleasant c h a r a c t e r i s t i c s  of a i r c r a f t  n o i s e ,  per  s e  - The range of 

p o s s i b l e  f e e l i n g s  about t h e  c h a r a c t e r i s t i c s  of a sound, per s e ,  run  t h e  gamut 



from v e r y  p l e a s a n t ,  such a s  en joyab le  music, t o  very  u n p l e a s e r t ,  such as  a 

c i r c u l a r  saw c u t t i n g  shee tmeta l .  S i m i l a r l y ,  c e r t a i n  a i r c r a f t  sounds,  a t  some 

l e v e l s ,  may a c t u a l l y  be p l e a s a n t  t o  h e a r ,  whi le  o t h e r  sounds may be  perceived 

a s  n e u t r a l  o r  unpleasant .  Molino ( r e f .  A4) developed what he  c a l l s  "an equa l  

ave rs iveness  curve" f o r  v a r i o u s  bands of sound. The shane of t h e  curve  most 

c l o s e l y  resembled t h a t  of t h e  i n v e r s e  of t h e  s t andard  A-weighting c h a r a c t e r i s t i c .  

It is suggested t h a t  sounds above t h e  th resno ld  of ave rs iveness  a r e  "punishing1' 

t o  t h e  e a r .  S ince  t h e  Molino d a t a  confounds a v e r s i v e n e s s  of t h e  sound, per  se, 

and i n t e r r u p t i o n  of concen t ra t ion  ( t h e  s u b j e c t s  were l e a r n i n g  Russian dur ing  

t h e  exper iment) ,  t h e  contour  might be d i f f e r e n t  under t h e  c o n d i t i o n  of r e v e r i e .  

C lea r ly ,  t h e r e  is a need t o  determine t h e  psychophysical  r e l a t i o n s h i p  between 

no i se  parameters and p leasan tness  o r  unpleasantness  f o r  v a r i o u s  sounds. I f  a 

sound is perceived a s  being unpleasant  t o  t h e  e a r ,  then cont inued exposure 

may l e a d  t o  t h e  development of s t r e s s  i n  t h e  unwi l l ing  l i s t e n e r .  

G. Reported f e e l i n g s  - Airpor t  community r e s i d e n t s  a r e  o f t e n  po l l ed  i n  

o rde r  t o  determine how they f e e l  about a i r c r a f t  n o i s e ,  a i r p o r t  o p e r a t i o n s ,  t h e  

people who a r e  r e s p o n s i b l e ,  o r  t h e  a i r c r a f t  i n d u s t r y  i n  g e n e r a l .  The most 

commonly asked ~ ~ e s t i o n s  have t o  do wi th  repor ted  annoyeace wi th  a i r c r a f t  n o i s e .  

Sometimes people a r e  asked f o r  t h e i r  o v e r a l l  annoyance, whi le  i c  o t h e r  c a s e s  

they a r e  asked about t h e  annoyance they f e e l  about t h e  i n t e r r u p t i o n  of s p e c i f i c  

, a c t i v i t i e s .  I n  t h e  l a t t e r  c a s e ,  t h e  annoyance r a t i n g s  f o r  t h e  i n t e r r u p t i o n  of 

v a r i o u s  a c t i v i t i e s  a r e  u s u a l l y  combined i n  some way t o  form a s i n g l e  s c a l e  of 

annoyance. Although such a s c a l e  is  t y p i c a l l y  w e l l  c o r r e l a t e d  wi th  t h e  s i n g l e -  

ques t ion  s e l f - r a t i n g  of annoyance (McKennell, r e f .  A5), i t  obviously  r e p r e s e n t s  

only one p a r t i c u l a r  dimension of annoyance and t h u s  might b e s t  be termed 

"annoyance through d i s t u r b a n c e  of a c t i v i t i e s  . " 



Questions a r e  sometimes asked about f e e l i n g s  of "misfeasance" ( f e e l i n g s  

t h a t  t h o s e  i n  a u t h o r i t y  a r e  not  doing a l l  they could do t o  a l l e v i a t e  problems),  

Fee l ings  of " fea r  of a i r c r a f t  crashes"  a r e  a l s o  probed. The s c a l e s  used t o  

a s s e s s  t h e  v a r i o u s  f e e l i n g s  a r e  many and v a r i e d .  V a l i d i t y  of t h e  s c a l e s  is, 

f o r  t h e  most p a r t ,  assumed. 

H. Heal th  problems - - While t h e  evidence is scan ty  and sometimes i n  

c o n f l i c t ,  c e r t a i n  h e a l t h - r e l a t e d  problems r e s u l t i n g  from a i r c r a f t  n o i s e  may be: 

1. Permanent hea r ing  l o s s  

2.  G a s t r o - i n t e s t i n a l  d i s o r d e r s  

3. Increased nervousness 

4.  Cardio-vascular probl.ems 

5. Loss of s l e e p  

H o s p i t a l  and d o c t o r ' s  r ecords  might be h e l p f u l  i n  a s s e s s i n g  t h e s e  a i r c r a f t  

n o i s e  r e l a t e d  h e a l t h  e f f e c t s .  

I. Overt behavior - Pew s u b s t a n t i v e  s t u d i e s  have been conducted regard ing  

t h e  o v e r t  r e a c t i o n  of people t o  a i r c r a f t  no4se .  Some important  forms of o v e r t  

behavior might be: 

1. Moving family  o u t  of t h e  noisy  a r e a  

2. Complaints t o  a u t h o r i t i e s  

3. Decrease i n  outdoor a c t i v i t i e s  

4 ,  Decrease i n  a c t i v i t i e s  invo lv ing  a u r a l  communications 

5. Increased t ime spent  ou t  of neighborhood 

6. Organizing t o  reduce t h e  n o i s e  

J. I n t e r n a l  adjustment - The inc reased  s t r e s s  and t h e  development of 

nega t ive  f e e l i n g s  and h e a l t h  problems r e p r e s e n t  an  imbalance of t h e  ' n d i - ~ i d u a l ' s  

normal o r  p r e f e r r e d  s t a t e .  I n  an  e f f o r t  t o  r e t u r n  t o  t h e  normal s t a t e  



(homeostasis) ,  t h e  i n d i v i d u a l  e i t h e r  t a k e s  o v e r t  a c t i o n  o r  makes i n t e r n a l  

adjus tments ,  both  of which s e r v e  t o  reduce t h e  stress. Four types  cif i n t e r n a l  

adjustment a r e  i d e n t i f i e d  : 

1. Adaptation 

2. Habi tuat ion 

3. R a t i o n a l i z a t i o n  

4. Resignat ion 

Thus, t h e  i n d i v i i u a l  may adapt  t o  t h e  n o i s e  o r  become hab i tua ted  t o  i t .  

O r ,  t h e  i n d i v i d u a l  may a i s o  r a t i o n a l i z e  h i s  exper ience and convince himself 

t h a t  h i s  situation is  n o t  so  bad a f t e r  a l l  and t h a t  o t h e r s  a r e  much worse o f f  

than himself .  

K, Feedback loops  - Every a c t i o n  o r  nonaction of t h e  i n d i v i d u a l  has  a 

consequence. I f  t h e  i n d i v i d u a l  cannot o r  w i l l  no t  t ake  o v e r t  a c t i o n  t o  reduce 

t h e  s t r e s s ,  o r  i f  h e  does n o t  make i n t e r n a l  adjus tments ,  then t h e  development 

of nega t ive  f e e l i n g s  and h e a l t h  problems w i l l  themselves i n c r e a s e  t h e  s t r e s s .  

These r e l a t i o n s h i p s  a r e  shown i n  f i g u r e  A 1  by dashed l i n e s  f rom negat ive  

f e e l i n g s  and h e a l t h  problems back t o  s t r e s s .  They represen t  p o s i t l v e  feedback 

loops. 

However, i f  t h e  i n d i v i d u a l  does t a k e  some o v e r t  a c t i o n  o r  makes an i n t e r n a l  

adjustment,  then t h e  stress w i l l  be r e l i e v e d  t\rough an i n d i r e c t  process.  

Taking d i r e c t  a c t i o n  has  impl ica t ions  f o r  both t h e  s t imulus  and t h e  s i t u a t i o n a l  

f a c t o r s .  For example, through lobbying e f f o r t s ,  t h e  ind iv idua l  nlay persuade t h e  

no i se  maker t o  reduce t h e  no i se  o r  t o  change i t s  c h a r a c t e r i s t i c s  s o  a s  t o  make 

i t  more t o l e r a b l e .  Or, t h e  i n d i v i d u a l  may change t h e  s i t u a t i o n  by i n s u l a t i n g  

h i s  home, by spending less time outdoors ( thereby decreas ing  h i s  outdoor 

exposure t ime) ,  o r  by moving ou t  of t h e  n o i s e  impacted a r e a .  I f  t h e  i n d i v i d u a l  



makes an i n t e r n a l  ad!ustment, t h i s  has  i m p l i c a t i o n s  f o r  t h e  human f a c t o r s  

context .  For example, t h e  i n d i v i d u a l ,  i n  response  t o  stress, may develop 

q u a l i t i e s  of an  "imperturbable" person,  Such a  person would deny t h a t  t h e  n o i s e  

ever  bothered him and, i n  f a c t ,  might r e p o r t  d i f f i c u l t y  i n  even pe rce iv ing  - 
t h e  n o i s e .  These consequences of o v e r t  behavior rind i n t e r n a l  adjustment a r e  

r epresen ted  by dashed l i n e s  back t o  t h e  s t i m u l u s  and s i t u a t i o n a l  f a c t o r s  f o r  

t h e  former and back t o  human f a c t o r s  f o r  t h e  l a t t e r .  Both o r e  n e g a t i v e  feedback 

loops.  

L. The n a t u r e  of t h e  " f i l t e r "  v a r i a b l e s  -- - A s  shown i n  t h e  model diagram, 

t h e r e  a r e  no feedback ].oops t o  rhe  boxes r e p r e s e n t i n g  "meaning, " " a c t i v i t y  

i n t e r r u p t i o n , "  and "unpleasant c h a r a c t e r i s t i c s . "  Th i s  l n e ~ n s  only t h a t  l a t e r  

elements w i t h i n  t h e  model a r e  not  thought t o  a f f e c t  t h e s e  elements. C e r t a i n l y ,  

e v e n t s  o u t s i d e  t h e  model have an e f f e c t .  For example, i f  a n  a i r c r a f r  c rashes  

i n  t h e  n e a r  v i c i n i t y ,  t h e  i n d i v i d u a l  may very  w e l l  a s s o c i a t e  t h e  next  f lyover  

event  wi th  a  f e e l i n g  of fear of c r a s h .  I n  a l i k e  manner, o u t s i d e  even t s  a r e  

thought t o  produce a c e r t a i n  c o n d i t i o n  w i t h i n  t h e  i n d i v i d u a l  which tende t o  

"color" h i s  pe rcep t ion  of a i r c r a f t  no i se .  A t  any one p o i n t  i n  t ime,  t h e s e  

cond i t ions  work t o  predispose  i m i i v i d u a l s  t o  r e a c t  i n  c e r t a i n  ways. Over t ime,  

however, t h e  c o n d i t i o n s  can change and t h e  I .nrl ividual 's  p r e d i s p o s i t i o n s  t a k e  

on a  dynamic c h a r a c t e r .  

M. Hypotheses - A number of s p e c i f i c  hypetheses a r e  suggested by t h e  

s t r e s s  r educ t ion  model. These a r e  a s  fo l lows:  

1.  Increased s t imulus  from a i r c r a f t  o p e r a t i o n s  w i l l  r e s u l t  i n :  

a .  increased developmen: of nega t ive  f e e l i n g s  about t h e  n o i s e  

and/or 

b. increased development of h e a l t h  ~ i f j b l c m ~ .  



These r e s u l t s  w i l l  be obta ined prouided t h e  fol lowing elements are 

held cons tan t  : 

(1) S i t u a t i o n a l  f a c t o ~ s  

f (2)  Human f a c t o r s  
I - 
1 (3) Meaning assoc ia ted  w i t h  t h e  no i se  

1 
(4) A c t i v i t y  i n t e r r u p t i o n  

(5j Unpleasant c h a r a c t e r i s t i c s  of t h e  no i se ,  pe r  s e  

2 .  The g r e a t e r  t h e  development of nega t ive  f e e l i n g s  abogt t h e  n o i s e  

a. t h e  g r e a t e r  t h e  amount of over t  behavior d i r e c t e d  toward 

reducing o r  e l i m i n a t i n g  t h e  no i se ,  and/or 

b. t h e  g r e a t e r  t h e  i n t e r n a l  adjustment of t h e  ind iv idua l .  

The model thus  sugges t s  t h a t  once :he s i t u a t i o n a l  and human f a c t o r s  

are "control led  ,It and once t h e  i n d i v i d u a l ' s  percept ions  a r e  "t i l t e r e d , "  then 

t h e  fol lowing t y p i c a l  outcomes would be expzcted: 

(1) A r e d u c t w n  i n  outdoor a c t i v i t i e s  

(2) An exodus of no i se  s e n s i t i v e  ind iv idua l s  from t h e  

n o i s e  impac~ed  a r e a  (provided t h e r e  i s  an oppor tuni ty  

t o  move) 

( 3 )  An i n c r e a s e  in a v e r t  tcha-r ior  t o  reduce t h e  n o i s e  

exposurz,  r . ~ . ,  soundproofing 

(4) An i n c r e a s e  i n  h e a l t h  problems 

(5) A r i s c  i n  a t y p i c a l  l i v i n g  b s L i t s ,  e . g . ,  less 

conversat ion 

( 6 )  An i n c r e a s e  i n  p o s i t i v e  a t t i t c d e f i  toward t h e  n o i s e  

scurce  f o r  those  who make an i n t e r n a l  ajfustrnent 

(7)  An i n c r e a s e  i n  i n d i c a t o r s  of o the r  types  of stress, e .g . ,  

family arguments 
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APPENDIX B 

INSTRUCTION A 

"We would l i k e  you t o  help u s  i n  t h i s  experiment which has t o  do with how you 
f e e l  about t h e  a i rp l ane  sounds you w i l l  hear during the  next 30 minutes. 
During the  experiment, you a r e  not  t o  t a l k  t o  each other .  You w i l l  be asked 
f o r  your reac t ion  t o  t h e  a i rp lance  sounds a t  t h e  end of t h e  session,  which, 
a s  I sa id ,  w i l l  l a s t  about 112-hour." 



APPENDIX C 

INSTRUCTION B 

"We will need to set the listening level of the TV so that it is acceptable 
to your group. Let's try to find a level which is a good compromise and 
generally comfortable for all of you." 

EXPERIMENTER - FIND ACCEPTABLE LEVEL BY CONSENSUS (IN QUIET). 
THEN TURN QFF TV 

I1 Do not readjust the level during the program, please. It is imperative for 
the purpose of the study that the sound level stay where it is presently 
set." 



APPENDIX 9 

INSTRUCTIONS TO SUBJECTS I N  LISTENING PHASE OF THE EXPERIMENT 

Ins t ruc t ions  t o  Subjects i n  Telephone Listening Phase of the  Experiment 

"You a r e  about t o  take a l i s t e n i n g  t e s t  i n  which you w i l l  be ident i fy ing  words 
spoken over the  telephone. The two bes t  scoring subjec ts  on the  t e s t  w i l l  
receive $7 each. The four lower scoring subjec ts  w i l l  receive $4 each. I f  
you w i l l  pick up your telephone, you w i l l  receive more de ta i led  ins t ruc t ions .  
Remember, durtng the  t e s t ,  do not cover your open ea r  and do not switch the  
phone t o  the  other  ear .  Lis ten f o r  the  item number t h a t  accompanies each word. 
Sone words may be completely masked out i n  t he  background noise.  Make sure  
you a r e  checking off a word i n  the  cor rec t  box.'' 

Recorded Ins t ruc t ions  

"Your a t t en t ion ,  please. 
You a r e  going t o  hear some one sy l l ab l e  words presented along with d i f f e r e n t  
loudness l e v e l s  of background noise,  each word w i l l  be  presented i n  a c a r r i e r  
phase giving i t s  pa r t i cu l a r  item number. For example, you w i l l  hear phrases 
l i k e  t h e  following: 

NUMBER ONE IS TREE 
NUMBER 46 I S  MILE 

The word presented w i l l  be one of t he  s i x  words pr inted i n  a block on your 
answer sheet f o r  t h a t  pa r t i cu l a r  item number. Your t a sk  is  t o  i den t i fy  the  
word by drawing a l i n e  through i t  on your answer shee t .  Look now at the  answer 
sheet  marked prac t ice .  

Here a r e  some p rac t i ce  words: 

NUMBER THREE IS TOW 

Within block no. 3 is  the  cor rec t  word tow. 

I f  t h i s  is the  word you thought you heard, you w i l l  have drawn a l i n e  through 
"tow" on the p rac t i ce  answer sheet .  
Here is another word. 

NUMBER 14 IS BAT 

In  t h i s  case,  t he  cor rec t  word was "bat." I f  t h i s  is  the  word you thought you 
heard, you w i l l  have drawn a l i n e  through "bat" within block 1 4  on the  p rac t i ce  
answer sheet.  I n  the  following exercise ,  some words w i l l  be e a s i e r  t o  hear 
than others .  

If you a r e  not sure  what the  word is--guess. Always draw a l i n e  through one of 
the  s i x  words f o r  each item number. I f  there  a r e  any questions,  please ask the  
person i n  charge now, (Pause) 



Pleaee turn now to the answer sheet marked number one and prepare to begin. 
Remember, always draw a line through a word even if you must guess. After 
drawing a line through a word, move down to the next numbered block and prepare 
for the next word. After completing each of the 50 items, turn to the next 
answer sheet and continue, starting again with item no. 1. 

A total of 300 words will be given at the rate of approximately one word 
every 6 second. The exercise will begin in about 30 seconds." 



APPENDIX E 

WORD LISTS 



l i c k  pick t i c k  
wick s i c k  - 1  kick 

sad s a s s  9 
s a t  sap sack 

cave cano came 
cape cake ca se  I 

s i p  s in& s i c k  ! 
sin si l l  s i t  I 1 s e a t  m a t  bes t  

hea t  nea t  f e a t  I 
sold t o l d  hold 

l6 -1 puff puck pub 3w 421 o i l  t o i l  t o i l  I 
b o i l  c o i l  

d 

- dung duck 
look hook cook 
book too5 shook 41 - I buck but bun 

bu3 buff bug - 
3, 

p i l l  pin - 
Svl dip  s i p  hip lake lace lame 

lane lay l a t e  - I 441 c u t  rub  cuff 1 
cuss  ,* cup. 

1 r a t e  rave raze 
race ray rake - I 32 I seem see the  seep 

seen seed seek I 45) - f e e  1 e e l  r e e l  I 
h ee l  pee l  kee l  

bang rang sang 
gang hang fang - I r u s t  dust  j u s t  

must  bust  gus t  I 33 I day say way 
may 8aY Pay I dark l a r k  bark 

461- park mark hark I 
h i l l  till b i l l  
f i l l  k i l l  w i l l  I pan path pad 

pass pat  pack 
r e s t  bes t  t e s t  
ne s t  v e s t  west 341 - I heap hea t  heave 1 

hear - heath hea l  1 
J 

mess math map 
nusn then hen 
ten pen dan I ,I Pane Pa. Pave I 

pale  pace page 

f i t  k i t  
3 . i t  - h i t  lo 1 t a l e  pale  male 

bale  gale  s a l e  I 36 I bat bad "a 1 
bath ban - 49 1 raw paw law 

saw - thaw jaw I 
sake s a l e  save 
same sa fe  sane I 2 4 1  d i n  t i n  pin 

$ in  win mr I bead beat bean 
beach beam beak I 37 I cop top mop 

pop shop hop I 
t e a l  teach team peat  peak peace 

peas pea l  peach 

king k i t  k i  11 
131 k in  k id  k i r k  26 1 t e n t  bent went 

s en t  r e n t  - 1  dent SQ I tap tack tang 
tab t an  tam 



went s e n t  bent  
den t  t e n t  r e n t  l 4  I not  tot got 

p o t  h o t  l o t  I p e e l  r e e l  f e e l  
e e l  k e e l  hee l  I mass math map 4 ~ 1  mat man mad I - 

hold  c o l d  t o l d  
f o l d  s o l d  go ld  20 1 hark  dark  mark - 

bark park  l a r k  I 4 1  1 r a y  r a z e  rate 
rave  rake  r a c e  I v e s t  t e a t  rest 

b e s t  west n e s t  I 
- I heave hea r  h e a t  . 

h e a l  heap h e a t h  I 
- - 

save same s a l e ]  
2 a s a t e  p a t h  pack pass  I 

l ake  l ace  lame 
back bath  ,bad ''1 bass ba r  ban I I cup cut cud 

cuf f  c u s s  cub I t i l l  b i l l  I 
h i t  w i t  sit 5u thaw law raw 511 - paw jaw saw I 44 1 s i l l  s i c k  s i p  

s i n g  s i t  s i n  . I 
(.Ism wig r i g  bale g a l e  s a l e  

t a l e  p a l e  male I 
p a l e  pace page I pane Tij7 pave 

puf f  puck pub 
331 pus pup pun I - 

t eak  team t e a l  
t e a c h  t e a r  t e a s e  7l  - I wick s i c k  k i c k  

l i c k  p ick  t i c k  I 
d i n  d i  11 'L?lf rn 
d i g  d i p  d i d  I cane case  cape 

cake came cave I- I bean beach b e a t  "4 beak bead beam1 
4 7 1  p e a c e  peas  peakt 

peach p e a t  p e a l  

3 5 1  h e a t  near  f e ~ t  I 
s e a t  s t  b e a t  

bun bus but 481 - 
bug buck buff  I wed shed 

p i n  s i n  tin 
f i n  d i n  win I c o i l  o i l  s o i l  I 

b o i l  f o i l  
I 

t ack  tam t a b  
1 dug dung duck 

dud dub dun I 3 7 1  k i l l  k i t  
k i c k  king k i d  I fun sun bun 

gun run nun I 
hang sang bang 

381 - rang fang gang I sum sun 
12 1 - sup scb  sud sung I 

same name game 
tame came fame 

took cook look 
hook shook book 

1 3 1  

sqep seen s e e t h  
seek  seem seed 1 



14 I heal heap heath 
heave hear hea t  buck but & 27w s o i l  t o i l  

f o i l  c o i l  b o i l  I ( gold hold W d  1 t o l d  f o l d  co ld  I 
lame lane lace 
l a t e  lake lay 

paw jaw saw 
thaw law raw I t i c k  wick p ick  

k ick  Lick s i c k  - I I came cape cane 
case cave cake I 

1 s i l l  s i t  1 
sing  s i c k  

16 1 pub Pus puck I 
pun x f  pup 

bus t  j u s t  r u s t  
dust  p s t  must 

I I 

, 
nea t  beat seat 

t i 

I I 

bass  ba th  
4l did  :;; dip  1 

dim d i  11 - 30 I name fame tame 
came game same - I 

I s i n  win f i n  
d in  t i n  p i n  I k i t  kick kin 

l e  I- k i d  k i l l  king I s a f e  save sake 
sale sane I 44 I test n e s t  bes t  

west rest vest.  I 
cook book hook 
shook look took I sub sung sum mad mass man 321 mP = nuth I seen seed seek 

seem see the  seep 

got  pot t o t  Tu 20 1 race ray rake I - 
r a t e  rave raze 

gang hang fang 
bang rang sang 

dun dug dub 
duck dud dung I 

b i l l  f i l l  t i l l  
w i l l  h i l l  I 

22 1 sap 988 - 
s a s s  sack s a t  sad I beach - beam beak 

bead beat  bean I t ease  teak t e a r  
t e a  1 teach - 1  team 

Pay 1 day say way I 
F] 

49 w i t  - lo 1 pave pa le  pay 
page pane pace I 361 hen t en  then I den men pen 

pear pea l  peach 24 1- p e r t  peak peace I cuf f  cuss  cub 371 - cup c u t  cud I I POP bhov hop 
cop toy mop I 

r e n t  went t e n t  
[bent dent s e n t  ] 18[park mark hark I 

dark @ bark 

keel f e e l  pee1 
reel hee l  eel l- run nun gun 

run bun fun - 



cake c a w  cave , 
401- cane c a s e  cape 1 

"1 "7" sud 1 
sum sun8 

k i c k  l i c k  s i c k  
t i c k  wick p ick  I 

tame came fame ll l"(' r i l l  I 
s i c k  - s i n g  

wed Eed bed 
281 - 

led  shed red I near  b e a t  s e a t  

f o l d  s o l d  gold  
ho ld  c o l d  t o l d  1 291 pot  hot  

& I not  t o t  go t  
3 pun puf f  PUP 

pus puck I 4 I t o i l  b o i l  f o i l  
c o i l  o i l  - I  s o i l  

-- 

hook shook book 
took cook look I but  bug bus 

171- buff  bun buck I 30 ( duck dud dung I 
dun dug dub 

4 3 1  f i g  - f i z z  f i t  
f i b  Ein f i l l  I 

,rq hip dip 
s p r i p  t i p  I 44 1 c u s s  cud cup 

c u t  * c u f f  I 
run bun - fun 
sun nun gun 

h e e l  pee k e e l  
€ e e l  e e l  r e e l  I raze  r a c e  r a v e  61zzzLJ 

fang bang hang 
sang gang rang 

d u s t  & u s t  must 
b u s t  j u s t  r u s t  I mark bark  dark  

l a r k  ha rk  park  - I 
3 4  I b e s t  r e s t  nest 

v e s t  t e s t  r e s t  I 1 w i l l  h i l l  k i  11 
b i l l  f i l l  m I h e a t h  heave heap - 

h e a t  h e a l  hear  1 
then den t e n  - 
pen hen men I 22 1 d i p  dim din 

d i l l  d i d  d ig  1 mad mass man 

7 

35 page I pane pace 
pave pa le  pay I 
bass b a t  ban 361 - 
back bath  had s i t  k i t  

23 r2.zl 10 p a l e  s a l e  ba le  
I g a i e  :ale 1 law saw paw 4 9 1  Jaw raw thaw I 

sane sake s a l e  
I 1  

3 7 1 h a p  cop s h o p ]  
"'up POP top - 

t 

24 1 t i n  f i n  s i n  
win pin  din I 5 0 1  -t beak beach 1 

beam bean bead 

t e a r  - t e a l  teak 
team tease  t each  I peak peach peas 

p e a l  peace pea t  I 
t ack  t a b  
t a n  tang t a p  

, , ( k i n  k i d  lcic; 1 
king  k i t  - 

,. I t e n t  re.;] 
went s e n t  bent  



s e n t  r e n t  dent  
t e n t  &t went 

r- 

27 r e e l  h e e l  e e l  - I I k e e l  f e e l  p e e l  

n e s t  v e s t  west  151- 1 
r e s t  b e s t  t e s t  

I 1 

I (  t o l d  f o l d  c o l d  ] 
g o l d  hold  s o l d  

281 bark park l a r k  I 
hark dark mark 

rave  rake  r a c e  411 - 
r a y  rag? r a t e  

s a l e  e r n e  same - 
s a f e  save sake 1 16 pick pig 1 p i n  p i p  1 - - hear  hea th  hea 1 

heap hea t  heave 

, 

c u b  ~ u p  CUSS k2L-J 4 1 lay  lake 
l ace  l a t e  lane  I 1 ba th  ban bass  I - 

ba t  bad back 
t i l l  w i l l  f i l l  
k i l l  b i l l  h i l l  

I 1 
s i t  k i t  w i t  
f i t  h i t  b i t  I 4 4 1  s i c k  a s i n g  I 

s i t  s i p  s i l l  

s a l e  t a l e  g a l e  
male b a l e  p a l e  451  - I hen t e n  then I must d u s t  3us t 

g u s t  r u s t  b u s t  I b i g  f i g  

team t e a s e  t each  
t e a r  t e a l  t eak  

s i c k  t i c k  - .  l$ , ' 

p i c k  k i c k  w 

34 I beak beam 1 
bean beach bea t  

t 1 

peace peas  peak d i p  d i m  d i n  
I tale cake c a s e  1 

cave cane came - 
,,IbutE & buck I 

but bug bus 
2 2 1 %  ::: '"P I 

shop 35 1 bea t  hea t  meat 
f e a t  s e a t  - nea t  I shed bed wed '1 fed  Led I 

361 h i p  t i p  r i p  i 
r i p  d i p  - l i p  

I 7  
dung dun dud 
dub duck - dug I t a b  t an  tam 24 1- 

t a p  t ack  tang I k i d  &l l  k ing I 
k i t  k i s  k i n  

rang fang gacg 
hang seng bang I 

s e e t h e  seek seen 
fame same came I game tame o.w 1 shook look took 

cook book hook - I 



bun bus b u t  - c o l d  gold  f o l d  
s o l d  t o l d  1 h e a t  h e a l  hea r  ( h e a t h  heave heap 1 f o i l  c o i l  b o i l  

401- s o i l  t o i l  011 I 
1 ; % lane  ] 

lame lake  
p i c k  k i c k  wick 2 8 1  - 
s i c k  t i c k  Lick I case  cave cake 1 c a m  a p e  cane I 

pup pub puff 
puck pun pus 

L 9 1  s i q  s i t  s i n  1 
s i l l  s i c k  s i p  - 

b i g  f i g  wig 
421 - 

r i g  d i g  p i g  
g u s t  r u s t  b u s t  1 J u s t  must d u s t  1 

bad b a s s  b a t h  
ban back ba t  d i n  d i l l  dim 

f e a t  s e a t  neat 
bea t  h e a t  meat I I came game same 

name fame tame I 
f i n  d i n  win 
p i n  s i n  t i n  I k i c k  k ing  k i d  

k i l l  k i n  k i t  - I sake  s a l e  save  
same s a f e  sane d4 1 west r e s t  v s  

t e s t  n e s t  b e s t  I 
4 5 ~ ~ ~  

seep  s e e n  s e e t h  
book took shook 
look hook cook I 
r a z e  race  rave  

2 0 /  r a b  ray  I I dub duck dug 

I dung dun dud I sang gang rang 
fang bang hang I 

p i p  p i l l  I 
81 +& p i g  p i c  

k i l l  b i l l  h i l l  
t i l l  w i l l  f i3 .1  

34 1 r i p  dFp l i p  
h i p  t i p  s i p  1 f e d  red  l ed  

shed bed wed I 
t e a c h  t e a r  t e a s e  

48 1- 22 1 sad a sag  - I beam bean bead 
35 /  b r a t  beak beach I 

-7- 

23 1 male b a l e  p a l e  I - 
s a l e  t a l e  g a l e  

t e n  pen den 
men then hen I 

top  hop PCP 
X o p  mop cop I p e a l  peace pea t  

peak peach pens I 371 cup c u s s  I 
cud cuEf c u t  

5 0 ( ~ a c k  Pan Pa t  I 
pad pass  p a t h  

I J 

mark  bar^ d a r k  I bent  den t  s e n t  
2s zent: h ~ n t  t e n t  - I tang t ack  

26 F = - T  nun fun run 
e e l  k e e l  h e e l  
p e e l  r e e l  f e e l  

3gl f i b  f i n  f i l l  I 
f i g  f i z z  - f f , t  



SOME ASPECTS OF INTERACTIONS BETWEEN SPEECH AND NOISE 

J. C. Webster 

Naval Electronics Laboratory Center, San Diego, CA. 



INTRODUCTION 

I would l i k e  t o  t a l k  about th ree  d i f f e r e n t  but r e l a t e d  t op i c s  today; 

(1) optimum simple measurements of t he  speech i n t e r f e r h g  aspects  of steady 

state noises  (2) t h e  r a t i o n a l e  f o r  s e l ec t i ng  among various kinds of voice 

communication systems f o r  shipboard use,  and (3) t h e  e f f e c t s  of communication 

masking on annoyance judgment. 

I have probably ta lked the  speech-interference aspects  of no ise  near ly  

t o  death and i f  i didn ' t  keep changing my mind we could probably bury t he  

subjec t .  However, before  the b u r i a l  l e t  me dress  t he  subjec t  up i n  its 

l a t e s t  tailormade s u i t .  I n  doing t h i s  I w i l l  quote qu i t e  l i b e r a l l y  from two 

recent  papers presented a t  the  Eighth In te rna t iona l  Congress of Acoustics 

and the  Inter-Noise 74. Conference, namely Webster and Cluff ,  (1974a, 1974b). 

The quest ion being addressed is  what octaves should be used i n  ca l cu l a t i ng  

t he  Speech In te r fe rence  Level (SIL) and/or what frequency weighting network 

could be used o r  added t o  a sound l e v e l  meter t o  measure t he  speech in t e r -  

f e r ing  proper t ies  of noise? 

SPEECH INTERFERING ASPECTS OF KOISE 

A s  s t a t e d  i n  Webster and Cluff ,  1974a, "Webster, 1973, showed t h a t  t he  

bes t  sets of octaves f o r  ca lcu la t ing  the SIL were centered a t  500, 1000, 

2000, and 4000 Hz. The lower t h r ee  (3L) Webstet, (1969) and the  upper t h r ee  

(3N) Kryter; (1972) have a l s o  been proposed. W e b s t ~ r  (1973) showed t h a t  t h e  

(3L) SIL is  bes t  when pred ic t ing  marginal performance (A1 = C.2), t h e  four- 

OctaveSIL (4) is  bes t  f o r  good systems (A1 = 0.5) and the  3H SIL is bes t  



for exceptional systems (A1 = 0.8). At an A1 of 0.2 a SOX Modified Rhyme 

Word score would be expected, at 0.5 a 75% PB score, and at 0.8 a 90% 

nonsense syllable score. Criticisms of Webster's (1973), generalization 

centered on his choice of 16 (Navy) noises for his tests. Cluff (1969), 

collected 112 industrial noises and adjusted the levels of each to give A1 

values of 0.1, 0.2 . . . 0.9. He reconfirmed that lower frequency bands 

predicted low A1 values better, while higher frequency bands predicted high 

A1 values better. 

Webster and Cluff, 1974b reevaluated Cluff's 112 AI-equated noises in 

terms of the 3L, 4 and 3H SIL's and the A-weighting and three proposed speech 

inter-(SI) sound level meter weighting contours, shown in Figure 1. The 

development of these Contours are discussed in Webster (1964a, 1964b, and 

1973). It was hypothesized that the 3L SIL and SI-70 weighting would best 

predict AI's of 0.2; that the 4-octave SIL and SI-60 would be optimal at an 

A1 of 0.5 and the best compromise for all AI's; and the 3H and SI-50 contour 

would best predict an A1 of 0.8. 

The basic procedure consisted of (1) adjusting the levels of the 112 

noises via electronic computer to arrive at AIs (determined by ANSI-1969 

procedures for 113 octave bands) of 0 .I, 0.2, . . . 0.9, assuming a generali- 

zed conversational speech spectrum, (2) measuring the resulting levels by a 

variety of single-number measurement techniques and (3) analyzing the central 

tendency and dispersion characteristics of the 112 "equally-speech- 

interfering'' levels for each single-number measurement technique at each AI. 

In addition to looking at the 112 noises as a whole, subgroupings based on 

differences between C-weighted and A-weighted (C-A) levels were analyzed. 



The f i v e  sets of da t a  i n  f igu re  2 show t h e  noise  spec t r a  of Cluf f ' s  

(1969) noises  when categorized by C-A groupings. Shown a r e  means, standard 

deviat ions,  ranges, and comparisons t o  Botsford's (1969) categorizat ions of 

Karplua and Bonvallet 's  (1953) noises .  Note t h a t  with few exceptions, and 

nme  t h a t  don't  average out  f o r  the  four  c ruc i a l  octaves,  Cluf f ' s  no ise  

spec t ra  agree with the Karplus and ~ o n v a l l e t ' s  (1953) spec t r a  when cate- 

gorized by Botsford's (1969) C-A categorizat ions.  The only obvious non- 

agreement is f o r  "up-sloped" noises  (when C-A is negative).  For these group- 

ings the  sample is small f o r  both s e t s  of data .  Figure 3 shows e x p l i c i t l y  

how SILs based on some combinations of the octaves centered a t  500, 2000 

and 4000 Hz, and various ac tua l  o r  po ten t i a l  frequency weighting networks 

f o r  sound l e v e l  meters, measure the l e v e l s  of the  various C-A no ise  groups 

when adjusted t o  give three  values of A I .  The th ree  lower octaves,  (3L), 

show the  l e a s t  va r i a t i on  with s p e c t r a l  change a t  an A 1  of 0.2; a l l  four  

octaves,  SIL(4), a r e  bes t  a t  an A 1  of 0.5; and the  highest  th ree  octaves,  

SIL(3H), a r e  bes t  a t  an A 1  of 0.8. This is shown i n  two ways: i n  average 

(mean) l e v e l  ( the  l i n e  most c lose ly  approaching the horizontal  i n  f i gu re  3) 

and i n  dispersion ( the  smallest  standard deviat ions around the general mean 

of the  noises)  s ee  Table 1. The standard deviat ions around the s p e c i f i c  

mean f o r  each C-A category shown i n  Table 1 follow the same general r u l e s  

except t h a t  (1) SIL (3L) is always bes t  f o r  "low frequency" noise8 (C-A = 

15dB) and (2) a t  an A1 of 0.2, SIL (4) is l e e s  var iab le  than SIL (3L) f o r  

a l l  pos i t i ve  C-A values except 15 dB, 

Concerning weighting networks i n  sound l e v e i  meters, the r e s u l t s  i n  

Figure 3 show the SI-60 network t o  be superior  f o r  A I s  of 0.2 and 0.5 and 



the SI-50 b e s t  a t  an A 1  of 0.8. The A-weighting is  the second bes t  frequency 

weic.hting at A I s  of 0.5 and 0.8. In  general t he  Sf-60 is a b e t t e r  pred ic tor  

of 3peech in te r fe rence  than A-weighting, although ne i the r  is ever a s  good a s  

tk.e SIL(4) . 
The ca lcu la t ions  so  f a r  shown and discussed t a c i t l y  assume t h a t  the  A 1  

i s  a va l id  measure of speech i n t e l l i g i b i l i t y  and Kryter (1962) has summarized 

thrl da ta  showing t h i s  t o  be general ly  t rue .  Remember however, t h a t  no 

i n t e l l i g i b i l i t y  t e s t i n g  was performed. It is therefore  necessary t o  compare 

these analyses t o  a t  l e a s t  one s e t  of da ta  where A1 ca lcu la t ions  and word 

i n t a l l i g i b i l i t y  t e s t i n g  were both performed, such a s  Klumpp and Webster's 

(1963) data .  To make these comparisons two s t eps  need t o  be taken: (1) four  

noises  (#6, 11, 12, and 16) a r e  eliminated because they a r e  e i t h e r  extremely 

time dependent (non-steady s t a t e )  o r  contain narrow-band o r  tonal  components 

:spectra l i n e s )  and therefore  a r e  not good candidates f o r  A1 predict ions,  

and (2) C-wei :. nting minus A-weighting (C-A) categories  a r e  establ ished.  The 

r e su l t an t  comparisons a r e  shown i n  Figure 4 .  The top da ta  i n  Figure 4 a r e  

the  C-A values of the  12 Klumpp and Webster (1963) noises  (top abscissa)  and 

the  corresponding values f o r  Cluf f ' s  (1969) environmental noises .  Both the 

C-A s o r t i n g  ru:e.; an1 the  mean values of the Cluff (1969) noises  a r e  shown 

on the  b o t t ~ . "  absc issa  ( a s  wel l  a s  s o l i d  c i r c l e  i n  the  top p l o t ) .  The 

middle da t a  i n  Figure 4 show how well  the A 1  p red ic t s  the  50% Fairbanks 

.(1':;58) Rhyme Test  (FRT) score f o r  the Klumpp and Webster (1963) data.  The 

aI represented by che hollow c i r c l e s  is based on a 20-band ana lys is  using the  

ac tua l  speech spectrum a s  measured; whereas the diamond-symbol-analysis a r e  

based <.>n a generalized speech spectrum and octave bands. The lower data  i n  



Figure 4 show the  A-weighted and SIL(4) measures of l e v e l s  adjusted t o  give 

SO% FRT scores  on the Klumpp and Webster (1963) noises  and an A 1  of 0.2 f o r  

the Cluf f (1 969) noises .  

Note from Figure 4 t h a t  the A 1  f a i l s  t o  pred ic t  50% FRT scores  f o r  t he  

Klumpp and Webster (1963) noises  i n  a d i r ec t ion  and manner very s imi l a r  t o  

the d i f fe rence  i n  SIL(4) between the  Klumpp and Webster and the Cluff data .  

This shows t h a t  the SIL(4) p red ic t s  A 1  qu i t e  well ,  but A 1  e r r s  somewhat i n  

pred ic t ing  word scores ,  pa r t i cu l a r ly  f o r  low frequency noises .  The A- 

weighting over-estimates both the  A 1  and the 50% FRT scores  f o r  both high and 

low-frequency noises.  

CONCLUSION 

The four-octave (500, 1000, 2000, and 4000 Hz) SIL is the bes t  p red ic tor  

of speech in te r fe rence  f o r  a l l  l eve l s  of i n t e l l i g i b i l i t y  followed by the SI- 

60 and A-weighting networks i n  t h a t  order  f o r  C lu f f ' s  112 noise a s  i t  was f o r  

Klumpp and Webster's (1963) 16 noises .  

SELECTING THE PROPER COMMUNICATION MODE 

Finding the  optimum measure of the  speech i n t e r f e r i n g  proper t ies  of 

noise is  only the f i r s t  s t ep  i n  s e l ec t ing  the  bes t  method f o r  conveying voice 

information. The next questions t o  be asked are: how a r e  face-to-face 

communications l imited by noise; and how can e l e c t r i c a l  o r  e l ec t ron ic  communi- 

cat ions systems be optimized t o  funct ion i n  noise. This l a s t  quest ion can be 

fu r the r  broken down i n t o  two sub p a r t s  t h a t  concern (1) the se l ec t ion  of 



transducers (microphones, loudspeakers, and earphones) and (2) speech or 

language processing. This last question will not be considered in detail in 

this task. 

Concerning the limiting effects of ambient noise on face-to-face 

communications there are two major factors to be considered, the decrease in 

sound pressure level of (spoken) sound with distance, and (2) the effects of 

ambient noise level on the talkers own voice level (vocal effort), Webster 

(1969, 1973, 1974b) using Beranek' s (1954) voice-level, noise-level and 

communicating distance table and using two criteria of vocal effort versus 

noise level constructed a chart, Figure 5, summarizing the major limiting 

factors in noise-limited face-to-face communications. The more subtle effects 

of room acoustics (reyerberation) talker (articulatory) effectiveness, lip- 

reading, language redundancy, etc. need to be considered if such factors are 

known for any specific application. The contents of this chart have been 

used as a guide in specifying that noise levels should not exceed 70 dBA in 

ship or aircraft spaces where peoples jobs require them to converse face-to- 

face at distances no greater than three feet. 

Concerning the choice of transducers in various levels of noise, I will 

not give any specifics because (1) I have no recent evaluations to report, 

and (2) those I have summarized in the past are available in Webster and 

Gales (1970) and Webster (1971). However a summary chart, Figure 6, shows 

the general limitations. Note for example that until the noise level exceeds 

90 dBA no real transducer limitations are serious but that a wide-band (300- 

6000 Hz) should be used, which implies that telephone usage becomes difficult 

(also see Figure 5 ) .  If telephones are used in noise levels between 90 and 



110 dBA an acoustic booth and push-to-talk switch should be provided (see 

bottom box). If noise levels exceed 130 dBA the best method to communicate 

is visual. 

Factors other than noise limitations must also be considered in selecting 

a communication mode and Figures 7 and 8 are suggested ways of aiding in this 

process. In Figure 7 note that the first consideration is the type of 

information to be passed. If it is a pictorial or alphanumeric, it should be 

communicated by some visual method. (Visual couununication needs will no: be 

discussed here). If it is language-related audit~ry communication methods 

are indicated. In the auditory path the next factor to be considered is 

whether or not the message originates and/or terminates at a fixed location. 

If language-related information is to be transmitted to and from a fixed 

location face-to-face, telephone, or intercom is indicated. If face-to-face 

is preferred refer to Figure 5 for limitations. In choosing between tele- 

phone and intercom, the first consideration is the number of potential 

subscribers. Telephones are conventionally routed via swit chboarde to have 

random access among hundreds of subscribers, whereas intercoms are conven- 

tionally hard-wired into fixed networks of up to 20 subscribers. In the 

conventional mode the number of subscribers dictates the choice point 

between the need for a telephone or an intercom. However, if multiplexing 

techniques or switching techniques are used for intercams, the number of 

subscribers is not a key choice point, 

The next factor that helps decide whether telephone or intercome should 

be used involves message density. If there are more than ten messages per 

hour, intercom is the preferred method, unless the average message duration 



is greater than 15 seconds. If there are fewer than two messages per hour* 

or i f  messages are routinely longer than 2 minutes, face-to-face communication 

is indicated. 

The next factor determining choice of auditory communication method is 

whether the spaces/functions to be interconnected can be expected to stay in 

the same location from deployment to deployment. At present permanency of 

space location cannot be assumed, and if modern equipment practices prevail, 

dial telephones might become the logical choice even if many short-duration 

messages were to be passed among 20 or fewer subscribt. . With telephones 

the only communications change between deployments is the listings in the 

telephone directory. 

A further factor is the requirement for message privacy. If the message 

to be passed is not for the ears of everyone, the handset on an intercom or a 

telephone is indicated. The remaining factor is ambient acoustic noise level, 

and reference should be made to Figure 6. 

*This is an arbitrary figure used to give some reason for not requiring a 

telephone in every single manned space. It is open to argument and must be 

viewed in a total picture as to where the closest telephone or other means 

of communication is located, how remote and isolated the space may be, etc. 
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The reasons behind some of these points will now be discussed. Concern- 

ing message duration - if the message were routinely 15 seconds in duration 
or less, it would take about as long to place the call as it would to transmit 

the message since it takes up to 10 seconds to establish a communications 

circuit on a telephone (lift handset, receive dial tone, dial three digits, 

ring, wait for answer). On an intercom it takes from 1 to 5 seconds to place 

a call (select station, press to talk, speak). 

Measurements of message duration on attack aircraft carriers (CVA's) 

have demonstrated that if intercoms are available they are indeed used for 

very short ques tion/answer communications. The median duration of an inter- 

com message was found to be five seconds and very few were longer than 15 

seconds. The use of the inturcom for a short message keeps the blocking 

ratio (occurrences of stations busy) acceptably small. Telephone somunica- 

tions tend to and should be used for private and/or detailed instructions, 

etc. that usually last from 15 seconds up to 1 or 2 minutes. Longer usage 

of telephones can result in unacceptable blockage ratios. 

Messages longer than 2 minutes should be face-to-face. In some 

instances a note or memo should be written and either mailed or hand-carried. 

Figure 8 show8 some factors to be considered if the communicating 

personfs) is(ars) not in a fixed location. The final question concerns time 

critically, If neither time nor noise are prime considerations face-to-face 



is recommended on board ships. If distances are in milee, not feet, then 

face-to-face is not practical and as far as the logic chart is concerned it 

is a time critical situation. 

If the information to be passed is time critical then questions of 

intercept and message security and hands-free operation become the limiting 

factors in choice of design. And as always the final consideration is 

ambient noise. 

These logic charts are included to show that even in ms case I realize 

that noise is not the only factor that determines the choice of a proper 

comunication mode. Noise is still very important however in the design of 

a system once the proper mode is chosen. 

THE.MASKING OF COMMUNICATIONS AND ANNOYANCE 

I would like to conclude this talk with a short discussion of the role 

played by the masking properties of noise on speaking an8 listening in deter- 

mining noise annoyance. Bomsky (1973) says for example that "The most 

disruptive and widespread effect of noise is masking or the interference with 

the reception of speech. This interferecce is a major contributory factor to 

problems of aircraft noise annoyance. Social surveys in airport neighbor- 

hoods, for example, have found more people to be annoyed from aircraft sounds 

due to speech interference, either in face-to-face conversations, telephone 

use, or radio and TV listening, than any other form of noise disturbance. 

In schools, office buildings and churches, where speech and listening activi- 

ties are a vital ongois3 function, the intrusion of aircraft noise has been 

deiisive in forcing either the closure of the facilities or expensive acoustic 

treatment for noise control ." 
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llazard (1971) in an airport noise study found that daily activities 

bothered most by noise were listening to TV/radio/records-tapes (30%) , 
telephone and face-to-face conversations (29%) relaxing (23%) , sleeping (8%) , 

reading (6%) and eating (4%). 

Everyone who studies the general problem of community annoyance with 

noise finds that moderator (intervening or social) variables are about as 

important as physical measures of noise in determining annoyance. A very 

recent study by Finke, Guski, Martin, Rohrmann, Schumer, and Schmer-Kohrs 

(1974) around Munich airport show the relationships among moderator, indepen- 

dent (physical) and dependent (response) variables very meaningf ully . A 

response, or reactor, variable of interest to our discussion is the hter- 

ference with speaking and/or listening. The relationships between dependent 

variable - responses or reactions; independent variable - physical measures 
of aircraft flyover noise(s); and intervening variables or moderators (M) 

are shown in Figure 9 in the form of a vector diagram showing a two-factor 

vari/max rotated solution. The stimulus (S) factor is shown along the 

abscissa and the moderator (M) factor on the ordinate. Datum points that 

lie toward the top of the diagram are strongly influenced by moderators, 

those toward the right are strongly influenced by the physical stimuli or 

aircraft flyover noises. 

Finke, et a1 (1944) found, as did Hazard (1971) , Robinson (1971) and 
other8 that the particular physical measure of noise used to define the 

stimulus aircraft flyover noise we9 relatively unimportant as long as account 

was taken of the number of noise incidents, flyovers. 



The moderator variables show very little correlation with the physical 

stimulus, and this is particularly true of those labeled a, b, c, and d. 

Moderators e, f ,  and g bear some relationship to the stimulus (noise) but 

only the "fear" moderators share much relationship to noise intensity. 

The eleven reaction datum plotted form a Global Reaction, (R) vector 

that lies midway between the moderator and stimulus vectors. The rp?-<!)r 

variables are numbered in the rank order that they correlate wLth t4:3 ' ,tlobal 

reaction". Note that three of the "best" four correlate higher with 

moderator (intervening) variables than with the stimulus (independent variable 

or flyover intensity). They could quite properly be classified as annoyance 

reactions. Finke, et al, (1974) lump their a, b, and c moderators into a 

single "sensitivity to noise" moderator which correlates (r = -. 56) with 

global reaction, R. They then show that "noise sensitive" individuals as 

opposed to non-noise sensitive individuals show stronger relationships 

between noise and emotional reactions (vice cognitive reactions for the non- 

noise sensitive); complained more about noise; and score higher on indicators 

of rocial class. 

There are some reactions that are minimally influenced by moderators. 

Note (1) that the reactor that correlates highest with physical intensity is 

"disturbance of communication (#3) " - speaking and/or listening, and (2) that 
loudness (#lo) although not highly correlated with intensity is the least 

influenced by moderators. It should be pointed out that this "loudness" is 

not a classically defined psychophysically determined loudness. 

The Bolt, Beranek, and Newman staff in a serier of reports on vehicle 

noise, see Jones (1971), Bishop and Simpson (1971), Horenjeff and Findley 



(1971) and Galloway (1971) sampled 1200 individuals living near roadways in 

Boston, Detroit and LOB Angdes. Even this population, chosen to reflect the 

effects of vehicular noise, answered that the noisiness in their neighbor- 
- 

hood8 was caused by motor vehicles (55%). aircraft (1573, and TV, radio and 

conversation (14%j. Their lists of activities annoyed were in atder: sleep; 

listening to TV, radio, or recordings; mental activity; driving; conversing; 

and walking. 

Langdon and Gabriel (1974) actually used interference with TV vieding 

as an activity against which the averaiveness of noise could be evaluated in 

a laboratory situation. They found that within a group of viewers (listeners) 

who (1) heard one duration of flyover noise but at rates of 7.5, 15, 30, or 

120 per hour, or (2) beard one rate but at durations cf 2, 4, 8 or 16 

seconds the "acceptability" decreased by two units (roughly equivalent to 

doubled loudness) as the maximum level on the integrated duration or ra:e 

increased by 10 dB. This equal energy rule agrees well with results obtained 

using more conventional psychophysical tests. 

This section is not intended to be complete or conclusive and is 

included to show that the interference of noise with speech is not only real 

and measurable but also highly annoying in the totality of daily living. 



OCTAVE PASS BANDS IN HERTZ 

Figure lr Actual ( P .  weighting L ) and proposed frequency w e i y i ~ t  ing netwul i : ~  
P, 

fo r  use i n  sounJ l e v e l  meters for  nieasuring t h e  speech i n t e r f c r i n i ,  
aspects o f  no ise .  





, - -v 

#A 

v.. .. .v. -.. v . .  r 
*-A' .. 
'.'V..... v.................... ..... A / A - - - z * -  

"E 5 50 * - - - A - - - A - - -  

.. - - 

m v. ... .v. .... 
f*) 

T..... -a0 ,, ........... v.... .... - ---A 9A---A--- - 'V.. ... ; 4o 3" .---a- - - A - - -  '.. 

! f 4  - ;** A z j  
I 

I I I I 1  ( 1  I I I I 1 1 I 
15'2  1 0 ' 2  5 ' 2  Z.2 0 N 5 I 5 2  2 0 N 

C WEIGHTING MINUS A WEIGHTING I N  dB 

Flgure 3.- Mean values o f  seven sing1 e-number measurement methods f o r  p red i c t i ng  
speech inter ference.  Measurement methods inc lude three ways o f  c a l -  
c u l a t i n g  SIL from octave bands centered a t  500, 1900, 2000, and 4099 
Hz namely using the  lower three, 3L; a l l  f o u r  (4); o r  the higher three 
(3H); and fou r  actual  o r  po ten t i a l  frequency weight ing networks fo r  
sound l e v e l  meters namely A-weighting and speech in te r fe rence contours 
SI-70, SI-60, and SI-50. 
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NO 

L--C--/ ShE NOlSC LEVEL vs 
VISUAL COMMUNICATING 

MeTHODS DISTANCE CHART 
INDICATED 

I 

I SEE VOICE COMMUNICATION EObIPMENI CAPABILlllr* 
IN  NOISE CtlART I 

FIgurc 7.- Logic f l o w  char t  f o r  se lec t ing  voice comunica t ion  modes (face-to- 
face, intercom, telephone) f o r  people i n  f i x e d  locat ions.  





Moderators (MI 

a (-1 adaptable a 
b sensitive 0 

I- 
c non-progressive i, 
d "harmless" a 

LL 

e impairs health a 
f (-1 AIC importance ? 
g (-1 "beautiful" Q: 
h 

a 
non-progessive w 

J "threatening" 
a 
0 

k fear E 
I "irritating" 

STIMULUS FACTOR 

Reactions (R) 

1 irritated by 
2 disturbs tranq 
3 disturbs communic 
4 (-1 tolerable 
5 phys conseq 
6 (-1 satis neighbhtl 
7 perceived no. fly over 
8 painful 
9 social action 

10 loud 
11 phys action 

Figure 9,- Rotated varimax f ac to r  ana l ys i s  o f  Finke, Guski , Mar t in ,  Rohrman, 
Schb'mer , and Schher-Kohrs (1974) Munich a i r p o r t  study. A1 1  v a r i -  
ab les have been transposed i n t o  t he  p o s i t i v e  quadrant. The s t imulus 
f a c t o r  vec to r  (independent v a r i a b l e )  increases from l e f t  t o  r i g h t  
( a l l  phys ica l  no ise measure l oad  about equa l l y  and h i g h l y  p o s i t i v e  
on t h i s  f a c t o r ) .  The moderator f a c t o r  vec to r  ( i n t e r ven ing  v a r i a b l e )  
increases upward from the  o r i g i n  and shows t h ree  groups as concerns 
c o r r e l a t i o n  w i t h  the s t imu lus  f a c t o r ;  ha rd l y  any (a, b, c ,  d) :  very  
l i t t l e  (e,  f, and g); and some (h, j, k ,  1 ) .  The moderators t h a t  
bes t  determine the t o t a l  moderator f a c t o r  a re  those f u r t h e r e s t  from 
the  o r i g i n  (e, a, b, j, k ,  1 ) .The reac to r  f a c t o r  * ; x to r  (dependent 
v a r i a b l e )  l i e s  midway between the o thers  and increases on the d i a -  
gonal away from the o r i g i n .  The s t r eng th  o f  the  r e l a t i o n s h i p s  
between t he  i n d i v i d i u a l  r e a c t o r  f a c t o r  and the  t o t a l  o r  g l oba l  r e -  
a c t i o n  ( R )  can be determined by drawing perpendicu lar  1  ines  from 
the  datum t o  the diagonal  and a re  purposely ( r e ) l a b e l e d  t o  show 
the  s t r eng th  c f  t h i s  r e l a t i o n s h i p ,  #1 beinq h iahes t  and if11 the  
lowest .  The r e l a t i o n s h i p  of the r eac to r  va r i ab l es  t o  the  o t h e r  
two f a c t o r s  can a l so  be seen by drawing perpendicu lars .  Perpendicu- 
l a r s  dropped on the s t imu lus  vec to r  show f 3  t o  c o r r e l a t e  the  h i ghes t  
and 4'11 t he  l e a s t .  Perpendicu lars  across t o  the  moderator f ac to r  
show t h a t  #1  c o r r e l a t e s  h i ghes t  w i t h  the moderator f a c t o r  and #I0 
t h e  l e a s t .  131 
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INTRODUCTION 

A laboratory study of ~ u i s a n c e  due t o  t r a f f i c  noises  i n  a speech environ- 

ment has recent ly been car r ied  out (1) (2), i n  which i t  was suggested t h a t  

LIOdB(A) might be the most su i t ab l e  un i t  f o r  r e l a t i n g  the  indoor in t rus ion  

caused by the t r a f f i c  noise t o  i ts  physical cha rac t e r i s t i c s .  

Further analyses of these r e s u l t s  enabled other  physical  parameters of 

the  noises  t o  be taken i n t o  account, and these i n  turn  led  t o  the formulation 

of a 'goodness f ac to r '  which enabled the e f f ic iency  of t he  d i f f e r en t  r a t i ng  

s c a l e  un i t s  t o  be reassessed, 

The model used is pa r t i cu l a r ly  important i n  assessing the meri ts  of such 

u n i t s  a s  LlO, Leq and LNP i n  the formulation of the optimum u n i t  f o r  use i n  

the  general assessment of urban noise. 

LABORATORY STUDY 

The study was designed t o  i nves t iga t e  t he  e f f e c t s  which a var ie ty  of 

t r a f f i c  noise s i t u a t i o n s  had on the  appreciat ion of speech i n  a control led 

environment. Subjects were asked t o  ad jus t  the i n t e n s i t y  l eve l  of an 

in t ruding  time-varying t r a f f i c  n.oise s igna l  u n t i l  they considered i t  t o  be 

j u s t  "unacceptable" fo r  relaxed l i s t e n i n g  t o  speech. A c r i t e r i o n  of speech 

in te r fe rence  was not used, ra ther  subjec ts  were asked to  s e l e c t  the  l e v e l  a t  

which the  t r a f f i c  noise j u s t  began t o  be noticeably unacceptable. 

The t r a f f i c  s igna l s  were representat ive of sounds produced indoors near 

roads with varying percentages of heavy vehicles  superimposed upon a high 



flow of l i g h t  vehicles.  Three conditions were chosen (12$, 4% and 1.3% 

heavy vehicles i n  a 6000 v/hr  l i g h t  t r a f f i c  flow) a t  each of two peak-steady 

noise leve ls  (5 dB and 20 dB) and two durations (20 dB down poin ts  of 5 and 

15 aeconde). The th i r t een th  condition was the steady l i g h t  t r a f f i c  flow of 

6000 v/hr.  The speech s igna l s  were th i r t een  separa te  male voice recordings 

of shor t  s t o r i e s  of top ica l  i n t e r e s t .  

Each of the  1 3  t r a f f i c  noises were presented t o  each subject .  I n  order 

to  balance out the  possible  e f f e c t s  due t o  d i f f e r en t  speech recordings o r  t o  

changes i n  the  subjec t ' s  tolerance during a t e s t  session a 3-way balanced 

design was needed. This ensured tha t  each noise s i t u a t i o n  was paired an 

equal number of times with each and every speech recording, and was presented 

an equal number of times i n  each and every presentat ion order pos i t ion .  

These requirements were achieved by using a design based on two 1 3  x 1 3  

balanced Graeco-Latin squares, which required 13  speech s igna l s  and 26 

subjects.  The Graeco-Latin square design is shown i n  Table 1. 



Subject Presentat ion Order 
No. 1st 2nd 3rd 4th 5 th  6 t h 7 t h  8 th  9 th  10th 11th 12th 13th 

I 

11 

111 

IV 

v 

VI 

VII 

VIII 

IX 

X 

XI 

2x1 

XI11 

2 1 

3m 

4a 

5b 

6 c  

7d 

8e 

9 f 

1% 

l l h  

121 

13 j  

l k  

13a 3k 

l b  41 

2c 5m 

3d 6a 

4e 7b 

5f 8c 

6g 9d 

7h 10e 

S i  l l f  

9 j  123 

10k 13h 

111 li 

12m 2 j  

12b 4 j  l l c  51 

13c 5k 12d 6 j  

Id  61  13e 7k 

2e 7m I f  81 

3f 8a 2g 9m 

4g 9b 3h 10a 

5h 10c 41  l l b  

6 i  l l d  5 j  12c 

7 j  12e 6k 13d 

8k 13f 71 l e  

91 l g  8m 2f 

10m 2h 9a 3g 

l l a  31 lob  4h 

10d 

l l e  

12f 

13g 

l h  

2 i 

3 j  

4k 

5 1 

6rn 

7a 

8b 

9 c  

1-13-13 t e s t  s igna l s  

6h 

7 i 

83 

9k 

101 

l l m  

12a 

13b 

l c  

2d 

3e 

4 f  

5 g 

7 g 

8h 

9 i 

l 0 j  

I l k  

121 

1 3m 

l a  

2b 

3 c  

4d 

5 e  

6 f 

€' f  

9  s 

10h 

lli 

123 

13k 

11 

2m 

3a 

4b 

5c  

6 d 

7 e 

a-m-13 speech recordings 

I-XIII-13 subjec ts  

TABLE I Graeco-Latin square design 

The s e t t i n g s  of the  a t tenuator  cont ro l l ing  the t r a f f i c  noise l e v e l  

chosen by each subjec t  a s  h i s  " ju s t  acceptable" l eve l  f o r  each test s i t u a t i o n  

were noted. These vere  r e l a t ed  t o  physical means of the  test s igna l s  made 

both a s  heard i n  the  l i s t e n i n g  chamber ( i n  the  absence of a  subjec t )  and i n  

the  equivalent ou ts ide  facade posi t ion.  Using r e a l  time ana lys is  and 
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computational f a c i l i t i e s ,  over eighty r a t i z g  sca l e  u n i t s  were evaluated t o  

see which 'bes t '  r e l a t ed  the  physical  cha rac t e r i s t i c s  of the  noises  t o  t he  

judged subjec t ive  responses. The c r i t e r i o n  of 'bes t '  is  not easy t o  def ine,  

but  i n  t he  context of t he  study i t  was considered t h a t  it was not  unreasonable 

t o  expect the  ' i dea l  un i t '  t o  be one which would give the  same numerical value 

f o r  a l l  t h i r t e e n  noise  s igna l s  when subjec t ive ly  l i ned  up a t  t he  average 

l eve l s  chosen by subjects .  The r e s u l t s  obtained f o r  a s e l ec t ion  of u n i t s  i n  

terms of both F-ratio and standard deviat ions ( i n  parentheses) a r e  shown i n  

Table 11. 

Although the  LlodB(A) measure a t  t he  facade of t he  building appears t o  

be the  most appropriate  un i t  and supports t he  Noise Advisory Council 's 

recommendation based on Building Research S ta t ion  researches ( 3 ) ,  it  is c l e a r  

t h a t  none of t he  u n i t s  examined comes c lose  t o  being ' i dea l ' ;  i n  p a r t i c u l a r  

a l l  'F' r a t i o s  from the  ana lys is  of var iance a r e  s ign i f i can t  which ind ica t e s  

the  i n a b i l i t y  of any of the  u n i t s  to  s a t i s f a c t o r i l y  account f o r  t he  physical 

cha rac t e r i s t i c s  i n  the  noises  when judged t o  be  subjec t ive ly  equal. 

DISCUSSION 

Of the  o ther  favoured u n i t s  which a r e  o f t en  reported i n  the  l i t e r a t u r e  

L e ~  
was w 2 l l  r a t ed  pruvided i t  was ca lcu la ted  using the  energy mean o r  by 

using the  B & K Noise Dose Meter. L N ~  was not a s  successfui ,  nor were NNI 

o r  TNI. Of p a r t i c u l a r  i n t e r e s t  however is che approximated formula (based 

on the  assumption t h a t  noise leve ls  from road t r a f f i c  a r e  normally d i s t r i -  

buted) which was used i n  the  ca lcu la t ion  of L (see Table 11). Not a l l  the  
eq 

t r a f f i c  noises were normally d i s t r i bu ted  and t h a t  by using such an approxi- 

mation a l a rge  F value and standard deviat ion were obtained. Further 



de ta i l ed  inves t iga t ion  of the  proper t ies  of such non-normally d i s t r i bu ted  

noises  i s  cur ren t ly  being ca r r i ed  out ,  and prelirrlinary r e s u l t s  revea l  t h a t  

the  skewness of t he  d i s t r i b u t i o n  may be an important f ac to r  wort3y of 

inclusion. For example, the  standard deviat ion of the  LIOdB(A) r e s u l t  i n  

Table I1 can be reduced from 1.8 depending upon the  form of the skewness 

correct ion.  Extrapolation below the  L10 l e v e l  a l so  ind ica tes  t h a t  l e v e l s  

between Lg and L10 fur ther  reduce the  standard deviat ion t o  below 1 dB. These 

s ign i f i can t  changes w i l l  be reported elsewhere i n  more d e t a i l  i n  the  fu ture .  

The ana lys is  of variance t ab l e s  a l s o  showed t h a t  t he  temporal 

TABLE I1 

F-ratios f o r  se lzc ted  un i t s  

- - - - - - - - -  - - 

Measured a s  heard ins ide  

t i 0  S t a t i s t i c a l  d i s t r i bu t ion  
analyser  5.54(1.8) 7.53(2.1) 7.26(2.0) 

Peaklevel recorder r.m.s. maxi- 
mum value 

Maxdmum in tegra ted  % second by 
computer 

L50dB (A) 
Leql-Energy mean dB (A) by 

computer 
Leq2 Dosemeter 
Leq3 - L50 + ('10 - 2/ 57 

L N P ~  - Leq3 + (L10 - Lgo) 
LNp2 ' Leq3 + 2 . 5 6 t  
Lm3 - Leq2 + 2 . 5 6 8  
N N I  - PNLmax + 15102N - 20 

7 20 where N = - 
( I+U 

TNI - Lgo + 4(LI0 - Lgo) - 30 

Measared outs ide 
LlO% S t a t i s t i c a l  d i s t r i b u t i o n  

analyser  



TABLE I1 (Cant'd) 

Peak-level recorder r.m.s. 
maximum value 9.54(2.3) 8.95(2.3) 9.13(2.3) 

Levels of significance: 5% F(12,276) = 1.8 

Results indicate that no unit satisfactorily rates the subjective judgements. 

distributions of the traffic noises are not well accounted for by the 

existing units. The somewhat regular occurrence of the noises enabled an 

interval correction to be added to the peak values. This empirical correction 

takes the form n loglO(I/m) where n and m are integers and I is the time 

interval in seconds between the pass-by peaks. The final unit becomes 

where dB is the peak rating scale unit value, and I' = I for I' 5 secs 
P 

and I' = 5 for I' < 5 secs. 

Table I11 shows that this condition lined up the test signals with a 

non-significant scatter that could be attributed to random error, suggesting 

that a peak or maximum measure coupled with a rate of occurrence correction 

might be the best unit solution. However, how much the regularity of the 

signals affected subjects' judgements is not known, and in practice freely 

flowing traffic with varying concentrations of heavies is not regular. 

Bunching occurs causing a randomness which may be very hard to physically 

define, although under certain circumstances, such as 'worst mode', these 

conditions might be quantifiable. 



GOODNESS FACTOR MODEL 

The 'ideal unit' concept previously defined may not necessarily be the 

correct way of identifying the physical rating scale unit which best describes 

the subjective reactions to the noises concerned. 

Consideration should also be given to the way in which the unit is 

sensitive to changes in the physical characteristics of the noises. If the 

noises in this study were lined up G ~ I  t3eir background levels (Lgo%) the 

approximate ranges covered when measured by different units were: Leq - 
12 dB, LlO% - 17 dB, Peak and NNI - 20 dB, L N ~  - 25 dB, TNI - 55 dB. 

TABLE I11 

Summary analysis of variance table for a selection of weighted values 
measured inside 

Source of 
variation 

Subjects 
Order 
Speech 
Noise 
Interval (I) 
Peak (P) 
Duration (D) 

Residual 
TOTAL 

Degrees of 
freedom 

2 5 
12 
12 
12 
2 
1 
1 

276 
337 

TNI 

78.8 
4,l 
1.1 

590.6 
461.8 
2957.3 
98.0 

- -- 

Levels of significance: 5% F(25,276) = 1.6, F(12,276) = 1.8 

1% F(25,276) = 1.9, F(12,276) = 2.3, F(2,276) = 4.7, 
F(1,176) = 6.7 

*Interval corrected 

This infers that units such as TNI and LNp can much more sensitively 

measure changes in noise characteristics than do Leq or L10. Because this 



i s  a des i rab le  qua l i t y  i n  a noise u n i t ,  more account should perhaps be taken 

of t h i s  f ac t .  It is  therefore  proposed t h a t  the bes t  u n i t  may be the  one 

whose 'Goodness Factor '  (GF) is the smallest  where 

GF = U of u n i t  values at  subdective equa l i t y  l e v e l s  - 
a of un i t  values of t h e  noise s e t  - a /a 

S P  

The bes t  u n i t  measure i s  therefore  the  one which allows maximum f lex i -  

b i l i t y  and s e n s i t i v i t y  of physical  measurement ( i . e .  l a rge  ap ) with 

minimum subjec t ive  s c a t t e r  ( i . e .  small U s  . Application of t he  goodness 

f ac to r  t o  a s e l e c t i o n  of t he  r e s u l t s  of the t r a f f i c  no ise  study y i e lds  the 

values shown i n  Table I V .  

TABLE I V  

GOODNESS FACTOR RESULTS 

(x) Depending upon form of 
skewness correct ion.  

These r e s u l t s  change the  rank ordering suggested i n  Table 11, most 

not iceable  being the re lega t ion  of Leq. LNp now ranks s l i g h t l y  superior  t o  

Leq and t h i s  r e s u l t  needs fu r the r  considerat ion i n  the l i g h t  of recent  t rends 

towards the adoption of Leq a s  na t iona l  un i t s  i n  o ther  European countr ies  

and i n  the USA. 



CONCLUDING REMARKS 

This study has indicated that the 'A' weighted units such as L5-i0 and 

Leq may be adequate measures for expressing the physical characteristics of 

traffic noises causing nuisance in a speech environment. However in seeking 

a unified index for community noise annoyance Leq does not appear to be as 

effective as LNp(4) where combined aircraft and traffic noise environments 

are concerned. 

It also seems that other factors based on the skewness and statistical 

time distribution properties of the noises may be necessary. Evidence of 

the importance of this in the speech environment is also provided by Gordon 

in 1971, who recommended that at least two points on the time domain curve 

might be needed such that 

(1) the articulation index should not deteriorate below 0.4 for 

more than 10% of the time, and 

(2)  the articulation index should not fall below 0.6 for more 

than 50% of the time. 

These two criteria are therefore separated by about 6 dB(A) (a change 

of 3 dB(A) corresponds to a change of articulation index of .I). 
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SUMMARY 

Word recognit ion performance f o r  double-word and triple-word Modified 

Rhyme Test (MRT) items i s  not a p p r e ~ i a b l y  d i f f e r e n t  from t h a t  f o r  single-word 

MRT items. Having individuals  g ive  confidence r a t ings  of t h e i r  response choices 

does not inf luence t h e i r  ove ra l l  performance. Because of t h e i r  more lepresee- 

t a t i v e  message length  and decreased t e s t i n g  time ( l e s s  than one-half t h e  t ime 

required f o r  t h e  regular  single-word format of t h e  MRT), t h e  triple-word t e s t  

items (TMRT) appear t o  hold promise a s  s u i t a b l e  speech mater ia l s  f o r  use i n  t h e  

development of an e f f i c i e n t  r e l i a b l e  t e s t  f o r  assessing t h e  hearing c a p a b i l i t i e s  

of aircrew personnel. The multiple-word closed-response t e s t  format may a l s o  be 

appropriate  f o r  e v d u a t i n g  t a l k e r s  and l i s t e n e r s  i n  general and communication 

systems. 



INTRODUCTION 

It has been recognized f o r  some time t h a t  hearing t e s t s  used i n  t h e  

se l ec t ion  and r e t en t ion  of aircrew personnel do not measure t h e  type of 

hearing a b i l i t y  required f o r  t h e  e f f i c i e n t  performance of f l y ing  du t i e s ,  

An ind iv idua l ' s  a b i l i t y  t o  hear pure tones i n  quie t  o r  t o  hear whispered 

speech a t  some standard d is tance  from a t a l k e r  has l i t t l e ,  i f  any, r e l a t i o n  

t o  how well  he can perceive loud speech i n  t h e  presence of high l e v e l s  of 

ambient noise. 

The Acoustical Sciences Laboratory, NAMRL is  cur ren t ly  conducting 

a s e r i e s  of s tud ie s  d i rec ted  toward t h e  development of an e f f i c i e n t  r e l i a b l e  

t e s t  t h a t  w i l l  adequately assess  an av ia to r ' s  a b i l i t y  t o  hear speech i n  h i s  

operat iona l  environment. The inves t iga t ions  center  around t h e  u t i l i z a t i o n  

of multiple-word Modified Rhyme Test ( r e f .  1 )  items. This paper discusses  

two s tud ie s  undertaken t o  determine whether t h e  use of multiple-word 

Modified Rhyme Test i tems inf luences t h e  i n t e l l i g i b i l i t y  function of t e s t  

words r e l a t i v e  t o  t h e i r  presentat ion a s  single-word t e s t  items, t o  obtain 

general  information concerning t h e  a b i l i t y  of individuals  t o  perform t h e  

multiple-word recognit ion t a s k ,  t o  explore possible  word pos i t ion  e f f e c t s ,  

and t o  examine t h e  p o s s i b i l i t y  of having subjec ts  r a t e  t h e  confidence with 

which they make t h e i r  response choices. 

The s i x  bas ic  l i s t s  of  t h e  Modified Rhyme Tes t ,  hereaf te r  ca l l ed  

t h e  MBT, were randomized and reconfigured i n  a manner t o  provide two 



words per  t e s t  item and t h r e e  words per  t e s t  item. The double-word 

MRT (DMRT) l i s t s  contain 25 two-word items and t h e  triple-word MRT 

(TMRT) l ists contain 17 three-word i t e m .  Since t h e  l a t t e r  required 

51 words i n  order  t o  balance t h e  number of words per item, one word 

was chosen at random t o  be repeated a s  thu t h i r d  word i n  t h e  l a s t  item 

of t h e  t e s t .  The repeated word was not scored during subsequent da t a  

analysis .  

MATERIALS AND METHODS 

High qua l i t y  recordings were made of  an adul t  male t a l k e r  reading 

t h e  s i x  word l i s t s  of t h e  MRT, DMRT, and TMRT. The t a l k e r  was 

experienced i n  t h e  recording of mater ia l s  f o r  use i n  l i s t e n i n g  t e s t s .  The 

words were spoken without instrumental monitoring with t h e  t a l k e r  

attempting t o  maintain a constant l e v e l  of vocal e f f o r t  throughout each 

list. The t e s t  words were spoken i n  t h e  context of a c a r r i e r  phrase 

which can be seen i n  f i gu re  1, along with examples of MRT, DMRT, AND 

TMRT items. The t a l k e r  attempted t o  read t h e  t e s t  items i n  a manner 

and rhythm analogous t o  a i r c r a f t  rad io  messages. While t he re  was no 

attempt t o  e s t ab l i sh  a spec i f i c  t ime i n t e r v a l  between t e s t  words within 

an item, t h e  speaker attempted t o  g ive  d i s c r e t e  productions f o r  each 

word. The in te rs t imulus  time between t e s t  items was approximately 

3 seconds. On t h e  average, t h e  t o t a l  elapsed time f o r  t h e  d i f f e r en t  

t e s t s  was: 5 minutes f o r  t h e  MRT, 3 minutes f o r  t he  Dm, end 2.3 

minutes for t h e  TMRT, 



Two response forms were constructed f o r  each t e s t  so t h a t  t h e  

same form would not have t o  be used each time a p a r t i c u l a r  word l i s t  

was presenteC. Exemples of response formats f o r  each of t h e  t h r e e  

t e s t s  may a l so  be  seen i n  f i gu re  1. 

Graphic l e v e l  t r ac ings  were generated f run  each of t h e  18 master 

t ape  l is ts  i n  order  t o  equate t h e  r e l a t i v e  l e v e l s  of t h e  l i s t s  f o r  experi- 

mental presentat ion and t o  e s t ab l i sh  t h e  speech-to-noise r a t i o s  zelected 

f o r  study: +4 dB, 0 dB, and - 4 d ~ .  A 1 kHz d i s c r e t e  frequency tone 

recorded a t  a constant vol tage l e v e l  p r i o r  t o  each t e s t  l i s t  was used t o  

der ive  t h e  r e l a t i v e  l e v e l s  of each of t h e  t e s t  words i n  t h e  d i f f e r en t  l i s t s .  

For a given l i s t ,  t h e  l e v e l  was derived by averaging t h e  peak rms values 

f o r  t h e  50 .words i n  t h e  l ist.  Measurements from graphic l e v e l  t r ac ings  

of sub-master recordings of  t h e  level-equated l is ts  indicated an average 

l e v e l  deviat ion between l ists of no more than L l d B .  To provide t h e  

experimental tai>es, t h e  level-equated l is ts  were played back on a high- 

qua l i t y  tape  recorder and mixed with white Gaussian noise shaped t o  

simulate t h e  spectrum of a i r c r a f t  noise.  The spectrum of t h e  noise i s  

shown i n  f i gu re  2. The desired speech-to-noise r a t i c s  were obtained 

by keeping t h e  l e v e l  of t h e  speech constant and varying t h e  l e v e l  of t h e  

noise r e l a t i v e  t o  t h e  l e v e l  of t h e  1 kHz reference s igna l .  

A preliminary study, Study I ,  was conducted t o  provide t h e  

inves t iga tors  with general information concerning t h e  a b i l i t y  of 



individuals t o  perform the  multiple-word recognition task ,  t o  determine 

i f  there  were any word position e f fec t s ,  and t o  examine the  p o s s i b i l i i ; ~  of 

having subjects r a t e  the  confidence with which they made t h e i r  response 

choices. Pollack end Decker ( ref .  2)  and ~ l a r k e ( r e f .  3 )  have indicated 

the  efficacy of such ra t ing  procedures t o  determine t h e  performance 

c r i t e r i a  of l i s t e n e r s  i n  i n t e l l i g i b i l i t y  t e s t ing ,  par t icular ly  s ince addit ional  

date a re  obtained with no ayparent increase i n  experimental t e s t ing  time. 

Since t h i s  type of analysis was being considered fo r  fu ture  experiments, 

t h e  inclusion of the  ra t ing  procedure i n  Study I permitted us  t o  determine 

whether the  additional t a sk  would degrade t h e  overa l l  ::xd recognition 

performance of the  l i s t ene r s ,  A four point scale was used t o  obtain the  

ratings: 1 )  "I know I heard the  word correctly;" 2)  "I think I heard t h e  

word correctly;" 3 )  "I don't think I heard t h e  word correctly;" and 4 )  "I 

know I did not hear t h e  word correctly." 

Following Study I, a l a rge r  scale study, Study 11, was conducted 

t o  provide a d i rec t  comparison of t h e  double-word MRT and triple-word 

MRT with i t s  parent t e s t ,  t he  MRT. I f  l i s t e n e r  scores f o r  t h e  multiple- 

word item t e s t s  a r e  not s igni f icant ly  below those f o r  t h e  regular MRT 

(one word per item), it would appear t h a t  such modifications could be 

incorporated in to  the  t e s t  without reducing i t s  overa l l  effectiveness. 

Moreover, the  time required for  administering the  t e s t  would be con- 

siderably shortened. Conversely, i f  scores on t h e  multiple-word item 

t e s t s  a re  s ignif icantly below those for  the  MRT, perhaps the  increased 



degradaticn could be u t i l i z e d  t o  provide a more s e n s i t i v e  t e s t  instrument. 

The reasons f o r  t h e  increased degradation would, of course, have t o  be 

explored. 

RESULTS AND DISCUSSION 

Table I shows t h e  t e s t  formats, t e s t  conditions,  and nmber of t e s t  

subjec ts  u t i l i z e d  i n  Study I and Study 11. The order  of  presentat ion of t h e  

t e s t  l is ts  and d i f f e ren t  formats (MRT, DMRT, and ~ 'MRT) was random- 

ized. The t e s t  l ists were presented v i a  earphones ( d i o t i c a l l y )  a t  a sound 

pressure l e v e l  of 80 dB. Group t e s t i n g  was employed with t h e  subjec ts  

seated i n  a ten-man sound-treated booth. For each t e s t  item, t h e  

subjec ts  responded by drawing a l i n e  through t h e  word of t h e i r  choice 

i n  t h e  appropriate  word ensemble boxes. I n  those instances where t h e  

subjec ts  were asked t o  r a t e  t h e i r  responses, they  wrote t h e i r  r a t i n g  

s c a l e  numbers t o  t h e  r i g h t  of each ensemble box. 

Table I. Test formats, t e s t  conditions and number of t e s t  subjec ts  u t i l i z e d  
i n  Study I and Study I1 

Study I Study I1 

Test Formats DMRT, TMRT MRT, DMRT, TMRT 

Test Conditions MRT L i s t s :  
Quiet  A ,  B* 
+4 dB C,  D* 
0 dB E, F* 

-4 dB A, B* 

MRT L i s t s :  

+ 
Test SubJ e c t s  5 10 * 

Subjects were asked t o  give a confidence r a t i n g  following each of t h e i r  responses, 
+ 

Subjects were male volunteers  from t h e  laboratory s t a f f  snd young Naval o f f i c e r s  
i n  f l i g h t  t ra in ing .  With t h e  exception of one subject who had a moderate high 
frequency hearing l o s s ,  a l l  subjec ts  exhibi ted hearing within normal l i m i t s .  

152 



The mean percent correct l i s t e n e r  scores obtained i n  Study I fo r  t h e  

DMRT and TMRT formats a t  t h e  d i f ferent  t e s t  conditions a r e  shown 

i n  Table 11. There were no signif icant  differences between scores 

obtained with t h e  two multiple-word t e s t  item formats fo r  e i the r  t h e  

d i f ferent  speech-to-noise r a t i o s  o r  t h e  ra t ing  and non-rating conditions. 

Table 11. Mean percent correct scores fo r  t b e  f i v e  subjects i n  Study I. 

MRL LIST TEST C O N D I T I O N  

Quiet 

Quiet ( ~ a t i n g  ) 

+4 dB 

+4 dB (Rating) 

DMRT 

Table I11 displays t h e  mean percent correct l i s t e n e r  responses 

obtained i n  Study I1 u i t h  the  MRT, DMRT, and TMRT formats for  t h e  

s i x  MRT l is ts  at t h e  three  speech-to-noise ra t ios .  While l i s t e n e r  scores 

are  comparable across l i s t s  fo r  a given speech-to-noise r a t i o ,  there  

were some s igni f icant  differences, both between l is ts  within a given 



format a d  between formats within a given l i s t .  I n  general ,  a d i f fe rence  

of abait e5ght percentage poin ts  between any two mean scores  is statisti- 

c a l l y  s ign i f i can t  at t h e  .05 l e v e l  of confidence. Possible  l i s t  d i f fe rences  

and subjec t  l ea rn ing  during t e s t i n g  may account f o r  some of t h e  d i f f e r -  

ences. While it has been shown t h a t  reyeated exposure t o  t h e  MRT does 

not change t h e  l e v e l  of average response i n  any appreciable way, t h i s  

raw not hold t r u e  f o r  such modifications t o  t h e  t e s t  a s  t h e  DMRT and TMRT. 

Table 111. Mean scores  and standard deviat ions ( i n  parentheses) f o r  t h e  1 0  
subjec ts  i n  Study I1 averaged according t o  t e s t  l i s t ,  format, and speech-to- 
noise r a t i o .  Grand mews (GM) foi. each fornat  are shown a t  t h e  bottom. 

L i s t  - 
A 

B 

C 

D 

E 

F 

GM 

+4 dB 

DMRT - 
9 0 
(4 )  

92 
(4 

78 
(10 

84 
(4 1  

92 
(61 

8  2 
( 6 )  

86 

TMRT -- MRT rmRT - MRT 
7 



With only one exception, f o r  each l i s t  t h e r e  were t h e  t y p i c a l  changes 

i n  percent co r r ec t  response a s  a function of speech-to-noise r a t i o .  The 

one exception - L i s t  C ,  +4 dB, DMRT format - was always t h e  f i r s t  t e s t  

t o  be  administered. The s ign i f i can t ly  lower score obtained f o r  L i s t  C a t  

t h i s  condition is  probably a t t r i b u t a b l e  t o  t h e  sub jec t s t  i n i t i a l  learning and 

ad jus t ing  t o  t h e i r  l i s t e n i n g  task .  

Tabulations of t h e  nmber  of  incor rec t  responses as a funct ion of 

word pos i t ion  ( t o t a l l e d  across  sgeech-to-noise r a t i o s  and t e s t  l i s t s )  a r e  

displayed i n  Table I V  f o r  both Study I and Study 11. As can be seen, 

whereas t h e  non-rating condition exhib i t s  word pos i t ion  e f f e c t s ,  t h e  

r a t i n g  condition does not.  An examination of t h e  number of incor rec t  

responses wi th  respect  t o  whether a t e s t  word occurred duri2g t h e  

f i r s t  ha l f  of a t e s t  l ist o r  t h e  l a s t  half  of a t e s t  l i s t  revealed no l a r g e  

differences.  For t h e  DMRT format i n  both Study I and Study 11, t.here 

were more incor rec t  responses f o r  t h e  second word. For t h e  TMRT 

format, t h e  pos i t ion  b i a s  appears t o  be evenly d i s t r i bu ted  between t h e  

f i r s t  and second words i n  Study I, and between t h e  second and t h i r d  

words i n  Study 11. The percentages of t h e  t o t a l  number of incor rec t  

responses (non-rating) at t h e  two DMRT word pos i t ions  were 44 and 56 percent ,  

respect ively,  i n  Study I and 46 and 54 percent i n  Study 11. For t h e  

t h r e e  TMRT word ~ o s i t  ions,  comparable percentages were 45, 31, 

and 24 percent,  respect ively,  i n  Study I and 27, 36 and 37 percent 

i n  Study 11. The t o t a l  number of incor rec t  responses f o r  t h e  DMRT 

and TMRT formats were not widely divergent i n  e i t h e r  study. They 

were, howry.ter, considerably l a r g e r  than  t h e  t o t a l  number of incor rec t  



responses f o r  t h e  MRT, a lso  shown i n  Table I V .  

Table IV .  Number of incorrect responses a t  t h e  d i f ferent  word posi t ions,  
t o t a l l e d  across word l is ts  and speech-to-noise r a t i o s  f o r  Study I and Study 11. 

MRT - 
Study I 

Without Rating 
With Rating 

DMRT - TMRT - 
Word 1 Word 2 Total Word 1 Word 2 Word 3 Total 

Study I1 

Without Rating (2034) 1096 1253 (2359) 640 851 895 (2396) 

The c~mparab i l i ty  of l i s t e n e r  responses f o r  t h e  th ree  t e s t  formats 

can be seen most c l ea r ly  when the  data  are  collapsed across t e s t  l is ts  

and plot ted as  a functiori of speech-to-noise r a t io .  Such a p lo t  i s  presented 

i n  f igure  3. 

The l a rges t  divergence i n  scores among the  th ree  formats, about 

six percent, occurs a t  the  poorest speech-to-noise r a t i o  (-4 d ~ )  where 

the  mean score fo r  the  MRT is  seen t o  be s l i g h t l y  b e t t e r  than t h e  mean 

scores fo r  t h e  two multiple-word t e s t s .  The r a t e  of change i n  percent 

correct  responae as a fhncticn of speech-to-noise r a t i o  appears com- 

parable acrose formats. Also shown i n  f igure  3 a r e  mean ccoi-cs 

obtained f o r  the  two multiple-word t e s t  formats i n  Study I. 



CONCLUSIONS 

I n  conclusion, t h e  da t a  obtained i n  t hese  two s tud ie s  i nd ica t e  t h a t  

f o r  t h e  speech-to-noise r a t i o s  employed word recognit ion performance 

on multiple-word Modified Rhyme Test items i s  not appreciably d i f f e r en t  

from t h a t  f o r  t h e  regular  single-word format of  t h e  MRT. Having indi-  

v idua ls  given confidence r a t i n g s  of t h e i r  response choices i n  multiple- 

word item closed-response t e s t s  does not inf luence subject  performance. 

Because of t h e i r  more representa t ive  message length  and decreased t e s t i n g  

time ( l e s s  than  one-half t h e  t ime required f o r  t h e  regular  format of t h e  

MRT), t h e  triple-word MRT (TMRT) t e s t  items appear t o  hold promise 

as su i t ab l e  speech mater ia l s  f o r  use i n  t h e  development of an e f f i c i e n t  

r e l i a b l e  t e s t  f o r  evaluat ing t h e  hearing c a p a b i l i t i e s  c f  airerew personnel. 



FUTURE RESEARCH 

Further da t a  t o  be obtained u t i l i z i n g  t h e  multiple-word item foxmat 

with t h e  Modified Rhyme Test mater ia l s  and o ther  closed-response t e s t  

mater ia l s  which t e s t  vowel a s  wel l  a s  consonant i n t e l l i g i b i l i t y ,  should 

ind ica t e  t h e  f e a s i b i l i t y  of  using such a format i n  t h e  evaluation of not only 

aircrew personnel but a l s o  t a l k e r s  and l i s t e n e r s  i n  general and comuni- 

ca t ion  systems. Also t o  be obtained a r e  da t a  r e l a t i n g  t o  what r o l e ,  if 

any, short- tern memory plays i n  such a test  procedure. 
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FIGURE CAFTIOIIS 

Figure 1, Examples of s ing le  word (MRT), double word (DMRT) , and 

t r i p l e  word (TMRT) t e s t  items and response forms. 

Figure 2, Spectrrsl of noise used i n  t h e  experiments discussed i n  t h e  

t e x t .  

Figure 3. Mean percent correct  r e spmses ,  averaged over t e s t  l is ts ,  

as a function of speech-to-noise r a t i o s  f o r  Study I (unconnected 

da t a  po in t s )  and Study I1 (connected da t a  po in t s ) .  Only t h e  

DMRT and TMRT formats were c:mployed i n  S5udy I, 
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A. INTRODUCTION 

Com!nunicat?'.on by speech involves t h e  t r a n s f e r  of ideas o r  thoughts from 

t h e  t a l k e r ' s  t o  t h e  l i s t e n e r ' s  brain.  Many th ings  can i n t e r f e r e  with t h a t  pro- 

cess.  Some a r e  l i n g u i s t i c a l l y  or ien ted ,  some physiological ,  o thers  acous t ica l ,  

s t i l l  o thers  a r e  or iented t o  e lec t ronic  disrupt ions.  Loud noise masks t h e  

i n t e l l i g i b i l i t y  of speech. A p i l o t ' s  t ' lmet  can e i t h e r  r e s t r i c t  t h e  t a l k e r ' s  

a b i l i t y  t o  co r r ec t ly  a r t i c u l a t e  sounds o r  it can d i s t o r t  t h e  acoust ic  s igna l  

t h a t  reaches t h e  l i s t e n e r ' s  ear, Vibrations i n  c e r t a i n  t ranspor ta t ion  vehic les  

can be a problem, o r  d i f f e r en t  hardware components i n  a voice communication 

system can be fau l ty .  I n  t h e  excitement of 8.n emergency, t h e  rap id  speech of 

someone from East Dwer, Vemont m y  not be  understood by someone from t h e  deep 

South. One type of d i s t o r t i o n  t o  speech i s  caused by high amounts of  reverbera- 

t i on .  Although t h e  spec i f i c  sources of speech d i s t o r t i o n  a r e  nearly endless ,  

they can be c l a s s i f i e d  f o r  s impl ic i ty  i n t o  d i f f e r en t  categories ,  such a s  those  

or iented t o  t a l k  .r , hardware, medium and l i s t e n e r .  

Communications obviously i s  a v i t a l  par% of any s i t u a t i o n  where people 

work toge ther ,  and t h e  most na tu ra l  a s  wel l  a s  e f f i c i e n t  means of communicat ion  

is  speech. Therefore it i s  important i n  m i l i t a r y  operat ions t o  properly assess  

t h e  ex i s t i ng  communicability a s  wel l  a s  i ts importance t o  t h e  success of t h e  

operation a t  hand. There a l s o  i s  a need f o r  c r i t i c a l  and de t a i l ed  evaluat ions 

during t h e  development of t h e  hardware t c  5e  used f o r  communicatir~. The 

" ~ n t e l l i g i b i l i t y  Test'' has been t h e  pr inc ip le  bench-mark metr ic  f o r  evaluating 

t h e  e f f e c t  of d i f f e r en t  types of d i s to r t i ons  caused - passing speech through 

various components of communication systems. The t e s t  mater ia l  can be 

sentences, words, o r  nonsense sy l l ab l e s ,  Typically recordings a r e  made of 



t a lke r s  reading materials from special ly constructed speech t e s t s ,  and then t h e  

recordings a r e  passed through communications equipment t o  panels of l i s t e n e r s .  

The percent correct  responses by the  l i s t e n e r s  i s  the  intelligibility score, 

and it describes the  eff iciency f o r  various combinations of the  t a l k e r ,  t h e  

l i s t e n e r ,  and t h e  e f fec t s  of any d i s to r t ions  occuring between, i . e . ,  from t h e  

hardware components o r  t h e  medium through which the  speech signals  a r e  t rans-  

mitted. 

Pr ior  t o  t h e  development i n  1958 by Fairbanks of the  Rhyme Test (RT), it 

was a tedious and time consuming t a s k  t o  cbtain i n t e l l i g i b i l i t y  scores. When 

used t o  evaluate hardware, t e s t  r e s u l t s  depended on the  t a l k e r ' s  a b i l i t y  t o  

speak c lea r ly  and t h e  l i s t e n e r ' s  t r a in ing  and experience i n  taking i n t e l l i g i b i l i t y  

t e s t s .  Williams, e t  al (1964) noted "Pract ical  t e s t i n g  procedures tha t  a r e  

convenient t o  administer and score, and a t  t h e  same time a r e  short and r e l i a b l e ,  

a re  not i n  general use." 

House, e t  al (1963) revised Fairbanks' RT and ca l led  t h e i r  version t h e  

Modified Rhyme Test (MRT). Using s i x  rhyming l i s t s  of words, they introduced 

t h e  closed response se t .  They found t h a t  t h e  MRT was l e s s  affected by naive t a l k e r s  

and l i s t e n e r s  than previous t e s t s  of i n t e l l i g i b i l i t y .  I n  a r e s t r i c t ed  sense 

t h e i r  modification a lso  permitted t h e  assessment of phonemic confusions. 

I n  1967 Gr i f f i ths  (1967) modified the  MRT in to  a simple diagnostic ar t icu-  

l a t i o n  t e s t  (DAT). H i s  major addition was t o  improve the  qual i ty  of phonemic 

comparisons by including a11 t h e  niinimal fea ture  contrasts  i n  English so t h a t  

t h e  eff iciency of performance by a par t icular  speech system could be estimated 

fo r  conditions of natural  speech. The DAT's capabi l i ty  f o r  phonemic analysis  

can be applied t o  t h e  construction of special  vocabularies fo r  use i n  speci f ic  



s i t ua t ions  where communication requirements a r e  high but  d i s to r t i ons  a r e  

extreme, a s i t u a t i o n  which precludes un res t r i c t ed  use of  language. Like t h e  

MRT, t h e  DAT i s  easy t o  administer and score,  it produces s t a b l e  responses with 

minimal learn ing  e f f e c t s  from t a l k e r  and l i s t e n e r ,  and it y i e l d s  a usefu l  

index of t h e  e f f i c i ency  of comunicat ion components. 

When measuring t h e  performance of communication systems, i n t e l l i g i b i l i t y  

t e s t i n g  requi res  l i s t e n e r s  t o  respond t o  speech stimuli. A s  an a l t e r n a t i v e  

method t o  evaluate  hardware e f f ic iency ,  communication engineers have developed 

a measure ( ~ r e n c h  & Steinberg, 1947) based on l e v e l s  of speech and noise i n  

20 equally contr ibut ing frequency bands. Called t h e  Ar t icu la t ion  Index (AI ) , 

r e l i a b l e  est imates  can be made of i n t e l l i g i b i l i t y  scores t h a t  would be 

obtained with t h e  more cumbersome use of panels of l i s t e n e r s .  There a r e  

correct ions t c  ';he bas i c  A 1  formula f o r  d i f f e r e n t  kinds of d i s t o r t i o n ,  such a s  

reverberation. However, Sachs , e t  . a1 (1969) found t h a t  f o r  one reverberation- 

l i k e  d i s t o r t i o n  t h e  A 1  f a i l s  t o  pred ic t  adequately r e s u l t s  t h a t  a r e  obtained with 

t r a d i t i o n a l  a r t i c u l a t i o n  t e s t i n g .  A b r i e f  descr ip t ion  of t h a t  d i s t o r t  ion 

follows. 

When an acoust ic  s igna l  is  t ransmit ted through t h e  ocean, a type  of dis-  

t o r t i o n  i n  t h e  t ime domain e x i s t s  which i s  s imi l a r  t o  reverberat ion.  However, 

it d i f f e r s  from t h e  t r a d i t i o n a l  descr ip t ions  of reverberat ion which a r e  

fami l ia r  t o  room acoust ic ians.  Figure 1 summarizes severa l  multipathc of a 

transmission a s  it tra-rels  from Point A t o  Point B. One path goes i n  a 

s t r a i g h t  l i n e  from A t o  B. Another path includes r e f l ec t ions  from t h e  surface 

and/or bottom bounces, e.g. ,  A t o  C t o  D t o  E t o  B. These two paths might be 

heard a s  t h e  i n i t i a l  s igna l  and i t s  echo. A t h i r d  type  of path can t r a v e l  from 



A along severkl  l i n e s  of s igh t  and r e f l e c t  o f f  "area" F t o  E, Since a rea  F i s  

not a point source, t h e  s igna l  a r r iv ing  a t  B may be comprised of  an i n f i n i t e  

number of r e f l ec t ions .  The d i s to r t ed  s igna l  which reaches B by t h i s  path has 

been smeared i n  t h e  time domain. Speech 6 i s t o r t e d  i n  t h i s  way i s  ca l l ed  

"smeared sgaech" . 
The d i s t o r t i o n  of smeared speech, a s  wel l  a s  a nmber of other  ty-pes of 

reverberant speech, revea ls  an inherent d i f f i c u l t y  i n  t h e  t r a d i t i o n a l  s ing le  

word i n t e l l i g i b i l i t y  t e s t .  Such t e s t s  do not t ake  i n t o  account t h e  inf luence 

of adjacent speech s igna l s  upon t h e  speech s igna l  under t e s t .  Consider a 

stimulus word which stands alone, i . e . ,  without a lead-in o r  follow-up phrase. 

Time smearing d i s t o r t i o n s  t o  t h e  i n i t i a l  phoneme could occur from a backward 

smearing of t h e  remainder of t h e  word, but not f r o m t h e  s i l ence  preceding t h e  

phoneme. A s i m i l a r  analogy e x i s t s  f o r  t h e  f i n a l  phoneme. This type of d i s -  

t o r t i o n  could a l s o  a f f e c t  whole words. I f  t h e  speech stimulus were 3 sentence, 

t h e  i n i t i a l  word can be d i s t o r t e d  by t h e  r e s t  of t h e  sentence, t h e  f i n a l  word 

by t h e  preceeding speech, and t h e  n iddle  words by both preceeding and following 

speech. I n  o the r  words, t h e r e  a r e  pre-, per- and post- word d i s t o r t i o n s  caused 

by time-smearing which can reduce t h e  i n t e l l i g i b i l i t y  of spe . Exist ing t e s t s  

of i n t e l l i g i b i l i t y  have not been designed t o  evaluate  properly this type of 

d i s t o r t  ion. 

B, PURPOSE 

The purpose of t h i s  study was t o  aevelop an i n t e l l i g i b i l i t y  t e s t  which 

would account f o r  unusual d i s t o r t i o n s  caused by reverberant-like condit ions,  

The t e s t  should have t h e  des i reable  fea tures  of speed and ease of administs- ing 

and scoring as wel l  a s  a capab i l i t y  f o r  d iagnos t ica l ly  evaluat ing con t r a s t s  i n  



d i s t i n c t i v e  f ea tu re s  among phonemes t y p i c a l l y  used i n  na tura l  speech. 

C. DESCRIPTION OF TRI-WORD TEST OF INTELLIGIBILITY (TTI) 

The TTI i s  composed of  t h r e e  l i s t s .  Each l i s t  contains 50 tri-word items. 

Different  DAT l is ts  a r e  u t i l i z e d  f o r  each of t h e  t h r e e  word posi t ions.  Table I 

shows which of t h e  f i v e  DAT lists were used t o  produce each of t h e  th ree  TTI 

l is ts ,  and Appendix A presents  t h e  t h r e e  complete IT1 l i s t s .  Appendix B 

Table I. L i s t s  of  t h e  G r i f f i t h s '  (1967) Diagnostic Ar t icu la t ion  Test  used t o  

produce t h e  Tri-Word Test 3 f  I n t e l l i g i b i l i t y  (TTI). 

DAT LIST USED 

TTI LIST 

A-1 

A-2 

A-3 

I n i t i a l  Middle F ina l  
Words Words Words 

is  t h e  l i s t e n e r ' s  50-item response form f o r  a l l  t h r e e  TTI l i s t s .  Every item 

contains t h r e e  5-word response s e t s ,  one f o r  each word pos i t ion  i n  a tri- 

word item. The f i v e  words comprising e. pa r t i cu l a r  response s e t  a r e  t h e  

rhyming words which make up t h e  equivalent items across  t h e  f i v e  DAT l i s t s .  

The order  of words within each 5-word s e t  have been randomized. 

Tape recordings of  t h e  TTI l i s t s  were made i n  an anechoic chamber using 

a high q d i t y  microphone an2 an Ampex PR-10 Tape Recorder. The t a i k e r ,  



experienced i n  i n t e l l i g i b i l i t y  t e s t i n g ,  was r a i s e d  i n  t h e  San Francisco Bay 

area and spoke with a General American d j a l ec t  ty-pica1 c f  tiitri region, Ten 

tri-word items were recorded immediately following, and with an attempt t o  

maintain t h e  same vocal e f f o r t  a s ,  a c a r r i e r  phrase which was spoken with 

e . t t = ~ t a  t o  maintain peak VU readings of -3, There were i n t e r v a l s  o f  approxi- 

mately 2 sec between t h e  c a r r i e r  phrase and t h e  f i r s t  i t a n ,  and between each of 

t h e  o ther  nine tri-word items. Pech item was spoken a s  a monotonic t h r e e  word 

phrase. This procedure was repeated f o r  addi t iona l  s e t s  of t e n  tri-word items 

u n t i l  a l l  t h r ee  TTI l i s t s  were recc!rded. 

Preliminary presentat ions of t h e  TTI l i s t s  t o  several  panels o f  l i s t e n e r s  

with var ied  i n t e r v a l s  between items indica ted  t h a t  a r a t e  of presenta t ion  of 

one tri-word item every 9 sec was t h e  most confortable  r a t e  f o r  groups of naive 

l i s t e n e r s  t o  respond. Therefore,  t h e  f i n a l  TTI s t i ~ u i u s  t ape  followed t h a t  r a t e  

of presentat ion.  I n  order  t o  el iminate  any e f f e c t s  of preceeding o r  following 

speech on t h e  i n i t i a l  and f i n a l  stimulus words, t he re  was no c a r r i e r  phrase 

surrounding t h e  tri-word items. 

D. EVALUATION OF TTI: PROCEDUiiES 

Stimulus tapes  were made of t h r e e  l i s t s  from t h e  Modified Rhyme Test and 

th ree  l i s t s  from t h e  CHABA Sentence I n t e l l i g i b i l i t y  Test  (silverman and Hirsh, 

1955). The same t a l k e r  reccrded f o r  the TTI l i s t s  was used f o r  t hese  re- 

cordings. A l l  o f  t h e  stimulus tapes  were presented both i n  quie t  and combined 

with d i f f e r en t  l e v e l s  of noise. Measurements were made of each item with a 

Graphic Level Recorder, and t h e  mean item l e v e l  f o r  each l i s t  was ca lcu la ted  

f o r  use i n  determining speech-to-noise (SIN) r a t i o s .  Noise was shaped by 



passing t h e  output of a General Radio Random Noise Generator through a General 

Radio M u l t i f i l t e r  s e t  t o  pass frequencies from 300 t o  3500 Hertz ( H Z )  with a 

down-slope of  -6dB per octave. Lis teni . :  Panels 1-3 heard t h e  nine l ists i n  

quiet  according t o  a semi-random Lat in  square design. The panel s i z e  and order  of 

presentat ion of l i s t s  i s  shown i n  Table 11. Note t h a t  each i n t e l l i g i b i l i t y  l i s t  

was heard by two l i s t e n i n g  panels,  o r  approximately 40 l i s t e n e r s .  Listening 

Panels 4-6 heard t h e  same nine i n t e l l i g i b i l i t y  l i s t s  combined with various l e v e l s  

of noise according t o  a semi-random Lat in  square. Table I11 shows t h e  order  of 

presentat ion of SIN and l i s t ,  and t h e  panel s i z e  fo r  Panels 4-6 and 7. A 

d i f f e r e n t  s e t  of s i x  S/N1s determined from preliminary t e s t i n g  was used f o r  

each of t h e  t h r e e  types of t e s t s  i n  order t o  equate t h e  range of d i f f i c u l t y  of  

response among t h e  t e s t s  and a l so  t o  el iminate  c e i l i n g  and/or c e l l a r  e f f ec t s .  

A 7 th  panel heard an addi t iona l  8/N w a d i t i o n  with t h e  TTI t o  more f u l l y  

cover t h e  range of cor rec t  responses t o  t h a t  t e s t .  S/K1s varied i n  5 dB s t eps  

from +5 t o  -20 dB f o r  t h e  CHABA l i s t s ,  +10 t o  -15 dB f o r  t h e  MFtT l i s t s ,  and +20 

t o  -10 dB f o r  t h e  TTI l i s t s .  Mean l e v e l  of speech was s e t  a t  a 70 dB Socnd 

Pressure Level i n  t h e  phones f o r  a l l  t e s t i n g .  

The seven l i s t e n i n g  panels were 136 Naval en l i s t ed  men who had passed a 

screening t e s t  f o r  hearing a t  15  dB IS0 from 250 t o  6000 Hz a t  t h e  Naval Sub- 

marine Medical Center i n  New Condon. A l l  i n t e l l i g i b i l i t y  t e s t i n g  was done the re  

a l so .  The l i s t e n e r s  received no spec i a l  t r a in ing  i n  i n t e l l i g i b i l i t y  t e s t i n g  

procedures. Panels were presented t h e  d i f f e r en t  t e s t  mater ia l s  monaurally i n  

a group test i r ig  room which contained 20 11.9.ched PDR-8 phones i n  MX/kl-AR 

cushions. L is teners  marked t h e i r  responses t o  t h e  TTI on t h e  Response Fonn 



Table 11. Order of  presentat ion of d i f f e r en t  i n t e l l i g i b i l i t y  l i s t s  i n  qu ie t ,  

showing panel s i z e  and t h e  obtained mean percent cor rec t  responses, 

LISTENING PANEL PRESENTATION 
PANEL SIZE ORDER 

LIST 

CHABA F 
CHABA H 

MRT B 
MRT A 

TTI A-1 
TTI A-2 

CHABA A 
CHABA F 

MRT B 
MRT C 

TTI A-2 
TTI A-3 

MEAN PERCENT 
CORRECT RESPONSES 

1 CHABA A 99.2 
2 CHABA H 99.0 
3 MRT A 38.9 
4 MRT C 98.4 
5 TTI A-1 95.8 92.1 92.7 
6 TTI A-3 93.6 88.9 gk.4 

* 
The th ree  mean percent cor rec t  responses f o r  a TTI l ist a r e  f o r  t h e  f i r s t ,  

middle and l a s t  words of t h e  50 item tri-word l i s t .  



i 
Table 111. Order of presentat ion and condition of  S/N f o r  d i f f e r en t  i n t e l l i g i -  ? 

b i l i t y  l i s t s ,  showing panel s i z e  and t h e  obtained mean percent correct responses. 

LISTENING PANEL PRESENTATION S/N 
PANEL SIZE ORDER RATIO 

LIST 

CHABA A 
CHABA F 
CHABA H 
TTI A-1 
TTI A-2 
TTI A-3 

MRT A 
MRT B 
MRTC 

IT1 A-1 
TTI A-2 
TTI A-3 

MRT A 
MRT B 
MRT C 

CHABA A 
CIiABA F 
CHABA H 

'IT1 A-1 

MEAN PERCENT 
CORRECT RESPONSES 

4t 
The th ree  mean percent cor rec t  responses f o r  a TTI l i s t  a r e  f o r  t h e  f i r s t ,  

middle and l a s t  words of t h e  50 item tri-word l is t .  



i n  Appendix B,  a standard response form was used f o r  t h e  MRT, and responses 

were wr i t t en  on a blank sheet of paper f o r  t h e  CHABA sentences. 

E. EVALUATION OF TTI: RESULTS 

The mean percent cor rec t  responses t o  a l l  t e s t s  a r e  presented i n  t h e  f i n a l  

columns of Tables I1 and 111. Overall  means i n  quiet  were 99.5% f o r  t h e  CHABA 

l is ts  and 97.3% f o r  t h e  MRT. Overall  means f o r  t h e  TTI i n  quie t  were 92.3%, 

88.7% and 93.2% f o r  t h e  f i r s t ,  middle and f i n a l  words respect ively.  The r e s u l t s  

by l i s t s  f o r  d i f f e r e n t  SIN'S presented i n  Table I11 a r e  shown graphical ly  i n  

Figure 2. The absc issa  i s  SIN, t h e  ord ina te  i s  mean percent cor rec t  responses. 

The random chance response d i f f e r s  among t h e  th ree  t e s t s  because of t h e  s m a l l  

closed response s e t s  used on t h e  forms f o r  t h e  MRT and TTI. Therefore t h e  follosr- 

in& cor rec t ion  f a c t o r s ,  Q, were appl ied t o  t h e  obtained means (M): 

TTI : Q = .125 (M - 20) 

MRT: Q = .120 (M - 16.7) 

CHABA: Q = . lo0 ( M  - 0 )  

Figure 3 shows t h e  same d a t a  i n  Figure 2 r ep lo t t ed  a f t e r  Q-corrections. A 

Q-score of 5 represents  a 50% mean cor rec t  response a f t e r  cor rec t ion  f o r  chance. 

The SIN r a t i o s  obtained f o r  t h a t  point were -114.5 dB f o r  t h e  CHABA l is ts ,  and 

-5.2 dB fo r  t h e  MRT l is ts .  For t h e  ?TI l is ts ,  t h e  corrected 50% point was 

obtained f o r  S/N1s of -1.8,-3.0 and -0.3 dB f o r  t h e  f i r s t ,  middle and l a s t  

words respect ively.  Analysis of var iance indicated t h a t  s ign i f i can t  ( .O5 

l e v e l )  t rends  e x i s t  among t h e  t h r e e  t e s t s  f o r  changes i n  S/N, but t hese  t r ends  

a r e  not p a r a l l e l  from t e s t  t o  t e s t .  In  addi t ion ,  t h e  mean responses t o  d i f f e r e n t  

SIN r a t i o s  among t e s t s  were qu i t e  d i f f e r e n t .  As expected, t he  CHABA sentences 



were l e a s t  a f f ec t ed  by t h e  l e v e l  of background noise,  and t h e  'IT1 most a f fec ted .  

Trend ana lys is  f d r  t h e  th ree  pos i t ions  of t e s t  words i n  t h e  TTI indi- 

cated p a r a l l e l  t r ends  f o r  changes i n  SIN. The mean correct  responses f o r  t h e  

word pos i t ions  according t o  SIN a l so  d i f f e r e d  s ig5 i f i cen t ly .  In  t h e  presence 

of noise t h e  f i n a l  word was eas i e s t  t o  i den t i fy ,  tile middle most d i f f i c u l t ,  and 

t h e  i n i t i a l  word was between t h e  two. Based on t h i s  r e s u l t ,  i f  one wanted t o  

s e l ec t  t h e  most i n t e l l i g i b l e  words i n  3-word phrases,  he would choose t h e  f i n a l  

words. 

I n  t h e  f c l t i a l  words of each TTL l i s t ,  25 items have response s e t s  which 

d i f f e r  only with regard t o  t he  i n i t i a l  phoneme. Consequently, f o r  t hese  words 

only t h e  i n i t i a l  phoneme can be evaluated. Likewise, t h e  response s e t s  of 25 

of  t h e  t h i r d  words i n  t h e  tri-word items d i f f e r  only on t h e  f i n a l  phoneme, 

Comparisons can be made between t h e  25 i n i t i a l  and 25 f i n a l  phonemes i n  a  TTI 

l is t .  Results of such comparison a r e  presented as a function of SIN i n  Figure 

4. S t a t i s t i c a l  ana lys is  revealed s ign i f  i c s n t  t rends  with increased l e v e l  of 

noise f o r  both phoneme pos i t ions ,  but t hese  t rends  were not p a r a l l e l .  The 

obtained F-ratio f o r  t e s t i n g  t h e  mean d i f fe rences  d id  not meet requirements f o r  

s ign i f icance  a t  t h e  .O5 l e v e l  of  confidence. It appears t h a t  t h e  aberrant 

shape of t h e  S/N funct ion f o r  t h e  i n i t i a l  phoneme ( see  Figure 4 )  d i s rup t s  t h e  

para l le l i sm between t rends  of t h e  i n i t i a l  and f i n a l  phonemes. Otherwise t h e  

responses f o r  t h e  two phoneme pos i t ions  appeared sirr.ilar. 

F. SUMMARY AND CONCLUSIONS 

The most usual means of assessing t h e  e f f ic iency  of communication systems 

makes use of speech i n t e l l i g i b i l i t y  t e s t s .  However, t h e r e  are c e r t a i n  condit ions 



of d i s t o r t i o n  f o r  which t r a d i t i o n a l l y  used t e s t s  a r e  not su i ted ,  Reverberaticn 

i s  one such condition. This repor t  descr ibes  the  Tri-word Test of I n t e l l i g i -  

b i l i t y  (TTI) which was developed s p e c i f i c a l l y  t o  evaluate d i s t o r t i o n s  t o  speech 

which a r e  caused by reverberant-like in te r fe rences .  There a r e  t h r e e  equated l i s t s  

i n  t h e  TTI, each cons is t ing  of 50 tri-word items. A l i s t  produces th ree  in t e2 l i -  

g i b i l i t y  scores  based upon t h e  percent cor rec t  responses t o  t h e  i n i t i a l ,  medial 

and f i n a l  words i n  t h e  50 i tems, Furthermore, i n  each l i s t  scores determined 

from 25 of t h e  i n i t i a l  phonemes i n  t h e  items can be compared with 25 f i n a l  

phonemes, 

Taped recordings of  t h e  TTI, t h e  Modified Rhyme Tes t ,  snd CHABA Sentexice 

I n t e l l i g i b i l i t y  L i s t s  were played t o  136 l i s t e n e r s  divided i n t o  7 l i s t e n i n g  

panels. Resul t s  a r e  presented f o r  and comparisons made among responses t o  

d i f f e r en t  equated l i s t s  of t h e  t e s t s  f o r  conditions of quiet  and d i f f e ren t  

l e v e l s  of background noise. These r e s u l t s  provide comparative d a t a  f o r  fu tu re  

users  of t h e  TTI. 

It was concluded from t h i s  study t h a t  t he  TTI i s  quick and easy t o  

administer and score,  it permits evaluat ions within a framework of phonmic 

d i s t i n c t i v e  f ea tu re s ,  and it provides d i f f e r en t  i n t e l l i g i b i l i t y  scores f o r  word 

pos i t ion  and phoneme pos i t i cn  within tri-word items, Although a major f ea tu re  

incorporated i n t o  t h e  design of t he  'IT1 i s  t h e  cbpabi l i ty  fo r  precis ,  evaluation 

of d i s t o r t i o n s  of speech caused by reve-beration, t h e  t e s t  should be equai ly 

e f f i c i en t  f o r  assessing communicability ~ n d e r  many other  types of  d i s t o r t i o n  

a s  wel l .  
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APPENDIX A 

TRI-WORD TEST OF INTELLIGIBILITY, 

LISTS A-1, A-2, and A-3. 



1 .  bat  

2. laws 

3. wig 

4. dumb 

5 .  c u f f  

6. d i g  

7. dun 

8. f i l l  

9. leave 

10. toss 

11. lash 

12. mat 

13. beige 

14.' pass 

15. peak 

16. p i c k  

17. PUP 

18. hath 

19. we're 

20. sad 

21. sheen 

22. s i ng  

23. sud 

24. tab 

25. tee th  

B 

base 

cub 

batch 

s i n  

j u s t  

l ack 

peas 

dud 

ban t 

pu f f  

1 iege 

r i p  

1 ong 

d i n  

mad 

s urn 

be s 

wea 

co 1 d 

pa th  

sheave 

tear  

s i p  

dee 

TRI-LIST A-1 

t h a t  

s i n  

t a n  

sea 1 

came 

sub 

ma r k  

h r l f  

pub 

ho ld  

vest 

t i p  

red 

sag 

w i t  

p i p  

went 

1 ee 

POP 

den 

b i g  

dung 

c u t  

k i  1 1  

cea ve 



26. led 

27. sold 

28. d i g  

23. k i c k  

30. f i n  

31. bark 

32. gale 

33. peel 

34. w i  11 

35. feel 

36. +am 

37. ten 

38. p i n  

39. t h i n  

40. thee 

41. rent 

42. h i p  

43. top 

44. yore 

45. v ie  

46. z i p  

47. next 

48. bust 

49. mat 

50. way 

B 

tan 

may 

sa t  

ch ick  

dark 

game 

fee 1 

t i n  

f i g  

w i t h  

hop 

p i t  

t i n  

wig 

h i  1 1  

1 i p  

pa 1 e 

shed 

ree 1 

hash 

thy 

vat  

dub 

t o j  

gore 

TRI-LIST A-1 

pack 

bayed 

109 

t a l e  

tong 

1 ass 

sheathe 

tease 

1 each 

ch in  

f i n  

t i n  

sh in 

bash 
8 

ee 1 

doth 

d i d  

pea 1 

f l e  

wore 

gay 

t h i c k  

math 

r u s t  

n i p  



1. bass 

2. lodge 

3, w i t ch  

4. d u f f  

5. CUP 

6. dim 

7. dub 

8. f i z z  

9. leash 

10. t a l k s  

11. laugh 

12. man 

13. bathe 

14. pad 

15. peach 

16. p i g  

17. puck 

18, have 

19. weed 

20. sack 

21. sheath 

22. s i t  

23. sun 

24. tang 

25. tee1 

bays 

cud 

badge 

f i n  

dust  

1 a th  

peat 

dug 

t en t  

PUS 

1 ead 

1 i p  

1 ob 

d i l l  

mass 

sung 

west 

then 

wean 

gold 

Pat 

sheaf 

tee th  

s i c k  

zee 

TRI-LIST A-2 

*la t 

s i p  

tan  

ree 1 

ga"= 

sum 

dark 

hash 

p u f f  

c o l d  

bes t  

r i p  

shed 

s a t  

w i t h  

p i t  

bent 

dee 

hop 

Pen 

w ig  

dub 

cub 

h i l l  

wee 1 



26. wed 

27. t o l d  

28. r i g  

29. p i c k  

30, k i n  

31, l a r k  

32, ba le  

33. heel 

34. t i l l  

35. zeal 

36. same 

37. he0 

38. win 

39. sh in  

40. knee 

41. dent 

42. d i p  

43. cop 

44. l o r e  

45. t h i gh  

46. 9YP 

47. r es t  

48. gust 

49. f a t  

50. they 

tap 

nay 

sap 

s i c k  

park  

tame 

kee l 

t h i n  

f i b  

w ick  

shop 

t ch  

n 

9 

11 

sh ip  

ma l e 

fed 

veo 1 

has 

h igh  

r a t  

dove 

to9 

roa r 

TRI-LIST A-2  

pa th  

base 

1 ong 

pa le  

t a  j 

l ack 

sheave 

t ea r  

1 iege 

tir! 

f i g  

s i n  

t i n  

batch 

fee 1 

dud 

d i n  

peas 

thy  

go re  

may 

ch ick  

mad 

j u s t  

l i p  



E 

1 .  badge 

2, lob 

3. wick 

4. dove 

5. cud 

6. d i l l  

7. dug 

8. f i b  

9. lead 

10. tog 

11.  l a t h  

12. mass 

13. bays 

14. pat 

15. peat 

16. p i t ch  

17, pus 

18. has 

19. wean 

20. sap 

21, sheaf 

22, s i ck  

23. sung 

24. tap 

25. teeth 

C 

bayed 

cu t  

bash 

t i n  

rus t  

lass 

pea 1 

dung 

went 

pub 

leach 

t i p  
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d i d  

math 

sub 

vest 

den 

weave 

hold 

peck 

sheathe. 

tease 

s i n  

1 ee 

TRI-LIST A-3 

D 

f a t  

s i t  

tang 

zea 1 

same 

sun 

l a r k  

have 

puck 

t o l d  

res t  

d i p  

wed 

sack 

w i t ch  

p i 9  

dent 

knee 

COP 

hen 

r i g  

dub 

CUP 

t i l l  

weed 



E 

26. fed 

27. gold 

28. p i g  

29. s i ck  

30. t h i n  

31. park 

32. male 

33. keel 

34. b i l l  

35. veal 

36. tame 

37. then 

38. f i n  

39. g in  

40. tee 

41. ten t  

42. l i p  

43. shop 

44. roar 

45. high 

46. ship 

47. west 

48. dust 

49. r a t  

50. nay 

tam 

gay 

sag 

t h i c k  

mark 

came 

ee 1 

shin 

f i n  

w i t  

POP 

P ~ P  

ch in  

b i g  

k i l l  

n i p  

t a l e  

red 

sea 1 

ha1 f 

f i e  

tha t  

doth 

tong 

wore 

TRI -L I ST A-3 

D 

pad 

bathe 

1 odge 

bale 

t a l k s  

1 augh 

sheath 

tee 1 

leash 

sh in  

f i z z  

win 

k i n  

bass 

hee 1 

d u f f  

dim 

peace 

th igh  

l o r e  

they 

p i c k  

man 

gus r 

9Y P 



APPENDIX I3 

FORM A RESPONSE SHEET 

FOR TRI-WORD TEST OF INTELLIGIBILITY 



, SEECH I~ELLIQIBILIW nst 
TRI-WORD C I S 1  

i i jORM A RESPONSE SHEET 

i 

i 
f 

Name 
*- 

1 ' I  
I !  
1 .  
i ! 

1. BADGE BATHE HAT 8. F I N  

! ' i  BATCH BASE F A T  - F l  B 
: I BASS BAYED THAT FIG 
! '  BAT BAYS , RAT 

I 1 F I L L  

1 BASH BE l G'r VAT F IZZ  

Score 
D a t e  

DUB HALF 
DUNG HAS 
DUG HAS H 
DUN H ATH 
DUD HAVE 

2. LAWS CUT S I P 9. LEAD DENT Ptl P 
LOG CUB SICK LEAVE RENT PUCK 
LOB CUFF S I N  LE l GE WENT PUB 
LODGE CUP . SING LEASH TENT - PUFF 
LONG CUD SICK LEACH SENT PUS 

3. WIT 
WICK 
WITH 
WITCH 
WIG 

4. DUMB 
DUFF 
DOTH 
DOVE 
DUB 

5. CUP 
CUB 
CUT 
CUD 
CUFF 

6. DILL 
DIG 
D l  N 
D l  D 
D I H  

7. DUN 
DUG 
DUD 
DUNG 
DUB 

BADGE 
BAT 
BASS 
BATCH 
BASH 

WIN 
T I N  
P I N  
S I N  
F I N  

JUST 
eusT  
GUST 
RUST 
DUST 

LAST 
LACK 
U U  GH 
LATH 
LASH 

PEAT 
PEAS 
PEAL 
P€ AK 
?€ACE 

TAP 
TAN 
TAB 
TAM 
TANG 

VEAL 
ZEAL 
REEL 
FEEL 
SEAL 

CAME 
SAME 
GAME 
S HAE 
TAME 

SUD 
SUB 
SUN 
SUM 
SUNG 

LARK 
OAR K 
BARK 
PARK 
M K  
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10. TONG 
TAJ 
TOSS 
TALKS 
TOG 

!1. LATH 
LAUGH 
LASH 
LACK 
LASS 

12, MAT 
n4N 
n4TH 
M4D 
nAss 

1 .  BEIGE 
BATHE 
BAYED 
EASE 
BAYS 

14. PAT 
PAD 
PASS 
BATH 
PACK 

PUP 
PUB 
PUCK 
PUS 
PUFF 

LEku 
LEAVE 
LIEGE 
LEACH 
LEASH 

L I p 
D l  P 
H I P  
R I P  
T I P  

LONG 
LOG 
LAWS 
LOB 
LODGE 

D I L L  
DIM 
DIG 
D I N  
D I D  

TOLD 
SOLD 
COLD 
GOLD 
HGL D 

NF ST 
REST 
BEST 
WEST 
VEST 

D l  P 
T I P  
R I P  
H I P  
L I P  

LED 
FED 
SHED 
WED 
RED 

SACK 
SAG . 
SAD 
SAY 
SAP 



IS. PEAT 
PEAK 
PEACE 
PEAS 
PEAL 

16. P I T  
P I P  
PlCK 
P 1 TCH 
PIG 

17.  pue 
PUFF 
PUP 
PUS 
PUCK 

18. HAVE 
HATH 
HASH 
HAS 
HALF 

19. WEED 
bEAL 
WE ' RE 
M A N  
WF,AVE 

20. SACK 
SAG 
SAD 
SAT 
SAP 

21. SHEAF 
SHEATH 
SHEEN 
SHE kVE 
SHEATHE 

22. S I P  
SING 
S I N  
S I T  
SICK 

HAD 
HASS 
HAT 
RAN 
MATH 

SUN 
SUD 
sun 
SUB 
SUNG 

@EST 
VEST 
NEST 
REST 
WE ST 

TE I! 
THEN 
DEN 
HE N 
PE N 

WE 'RE 
WEAN 
WEAL 
WEAVE 
WEED 

HOLD 
SOLD 
TOLD 
COLD 
GOLD 

PASS 
PAT 
PATH 
PACK 
PAD 

SHEEN 
SHEATH 
SHEATHE 
SHEAVE 

u I T  
w l G 
WICK 
WITCH 

P I P  - 
P I T  
PlCK 
PIG 
PITCH 

R m  
RENT 
BE Nr 
VENT 
DENT 

DEE 
ZEE 
KNEE 
LEE 
THEE 

COP 
TOP 
POP 
SHOP 
HOP 

PE N 
TEN 
THEN 
EN 
MEN 

PIG 
W I G  
B I G  
DIG 
RIG 

- DUN 
DUG 
DUB 

:' DUD 

sun 
SUD 
SUNG 
SUB 

24. TAM 
TAN 
TANG 
TAB 
TAP 

25. TEAR 
T EETHE 
TEEL 
TEASE 
TEETH 

.26. RED 
WED 
LED 
FE D 
SHED 

27. HOLD 
SOLD 
GOLD 
COLD 
1 OLD 

28. PIG 
W I G  
R 1 G 
a I G 
31G 

29, KICK 
THICK 
CHICK 
S 1 CK 
PlCK 

30; THIN 
F I N  
K I N  
T I N  
SHIN 
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TEASE 
TEAR 
TEETHE 
TEETH 
TEE L 

S I P  
SING 
S I N  
S I T  
SlCK 

KNEE 
DEE 
ZEE 
T HEE 
LEE 

TAN 
T A X  
TAB 
1 AM 
TAP 

NAY 
HAY 
WAY 
GAY 
THEY 

SAD 
SAP 
SI4f 
SACK 
SAC; 

SlCK 
CH I CK 
KICK 
THICK 
PlCK 

BARK 
LARK 
OAR K 
PARK 
WVIK 

CUB 
CUFF 
CUP 
Cur 
CUD 

B 1 LL 
H I L L  
W l  LL 
K I L L  
T I L L  

WEAN 
WE 'RE 
WEED 
WEAL 
WEAVE 

PACK 
PAD 
PPTH 
PASS 
PAT 

BAY E D 
BASE 
BE l GE 
BATHE 
BAYS 

LODGE 
LONG 
LAWS 
LOB 
LOG 

U L E  
BALE 
GALE 
PALE 
TALE 

TALKS 
TOG 
T OSS 
TAJ 
TONG 



I * 
31. PARK 

MARK 
DARK 
BARK 

. i LARK 
I 

P7- W L E  
TALE 
GALE 
BALE 
PALE 

33. EEL 
HEEL 
FEEL 
PEEL 
KEEL 

34. K I L L  
H I L L  
WlLL  

! T I L L  

I 
B I L L  

I 
35. ZEAL 

FEEL 
SEAL 

I REEL 
VEAL 

36. TAME . SAME 
SHAME 
CAME 
GAME 

I 

37. HEN 
DEN 
TE N 
PEN 
THEN 

T I N  
P I N  
S I N  
WIN 
F I N  

CAME 
TAME 
GAME 
SHAME 
SAME 

PEEL 
HEEL 
EEL 
FEEL 
KEEL 

K I N  
F I N  
T I N  
TH lN 
SH l N 

F IZZ  
F I  G 
F I L L  
F I B  
F I N  

WIG 
WIT 
WITCH 
WITH 
WICK 

' SHOP 
TOP 
HOP 
COP 
POP 

P l TCH 
. PIG 

P I T  
PICK 
P I P  

SHlN 
CHlN 
TH l N 
T I N  
GIN 

LACK 
LASS 
LASH 
LAUGH 
LATH 

SJiE A P  
SHEATH 
SHEAVE 
SHEATHE 
SHEEN 

TEAR 
TEASE 
TEETH 
TEETHE 
TEEL 

LEAVE 
LEASH 
LEAD 
LEACH 
LIEGE 

SHlN 
T I N  
CHlN 
GIN 
TH l N 

F IG 
F l  ZZ 
F l  L L  
F I N  
F I B  

T I N  
S I N  
F I N  
P I N  
WIN 

T I N  
F I N  
SHlN 
K I N  
TH lN 
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3 9  THlN 
CHlN 
T l N 
SH l N 
GIN 

40. DEE 
THEE 

I ZEE 
LEE 
KNEE 

41. BENT 
DE KT 
WENT 
TE NT 
RENT 

42. T I P  
D l  P 
R I P  
L I P  
H I P  

43. SHOP 
HOP 
TOP 

. POP 
COP 

44. GORE 
WORE 
ROAR 
YORE 
LORE 

45. THY 
H l GH 
F I E  
V I E  
TH l GH 

46. GYP 
N I P  
L I P  
SHl P 
Z I P  

WIG 
PIG 
B I G  
DIG 
R I G  

H l L L  
B l  L L  
K l  L L  
WlLL  
T I  LL  

SHl P 
Z I P  
L I P  
GYP 
N I P  

GALE 
BALE ' 

TALE 
PALE 
MALE 

WED 
SHED 
LED 
FED 
RE D 

SEAL 
REEL 
FEEL 
ZEAL 
VEAL 

HAVE 
HAS 
HASH 
HALF 
HATH 

"TI GH 
H l GH 
V I E  
THY 
F I E  

BASS 
BADGE 
BAT 
BATCH 
BASH - 
PEEL 
HEEL 
EEL 
FEEL 
KEEL 

DUFF 
DOTH 
DUD 
DOVE 
DUMB 

D I L L  
D I N  
DIM 
D l  G 
D ID  

PEAK 
PEAT 
PEAS 
PEAL 
PEACE 

T m  
TH l GH 
F I E  
HIGH 
V I E  

GORE 
WORE 
YORE 
LORE 
ROAR 

NAY 
GAY 
MAY 
WAY 
THEY 



47. REST RAT CHI CK 
VEST FAT S l CK 
NEST VAT KICK 
BEST THAT PICK 
WEST HAT TH l CK 

* 

48. GUST DUFF MATH 
BUST Dune MAD i 
RUST DOVE MAT 
DUST DOTH MASS 
JUST DUB MAN 

49. VAT TOSS GUST 
THAT TALKS JUST . 
RAT TOG RUST . 
FAT TONG DUST 
MAT TA J BUST 

i 
! 
! 50. MAY YORE ' GYP 
, NAY ROAR SHIP 

I 
THEY WORE Z I P  

. GAY ' GORE 
i : 

L I P  
i WAY LORE N I P  

1 
! 

.i ! 
i 
I 
I 
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I n  t h i s  conference we a re  concerned with how noise, speci f ica l ly  

a i r c r a f t  noise, a f f e c t s  t h e  communication process among people and how 

t h i s  disruption i n  t u r n  is  re la t ed  t o  noise-induced annoyance. The main 

point t h a t  I hope t o  make here i s  t h a t  i f  we wish t o  predict t h e  amount 

of annoyance t h a t  w i l l  r e s u l t  from undue noise exposure, it may not be 

su f f i c i en t  t o  only consider measures of speech i n t e l l i g i b i l i t y l  a s  

indicators  of communication effectiveness. Further,  I hope t o  show t h a t  

the  conceptual framwork known a s  information processing can be a productive 

vehicle f o r  beginning t o  understand the  complete e f fec t s  t h a t  noise and 

perhaps other  s t r e s ses  produce i n  human cognition. 

It has widely been suggested t h a t  disruption of communication i s  a 

major component leading t o  noise d issa t i s fac t ion .  This evidence has come 

from a t  l e a s t  two sources: socia l  survey work (e.g. Borsky (1961); McKennell, 

1963 ; Hazard, 1971) , and laboratory experiments ( e. g. Williams, Stevens 

and Kla t t ,  1969). These studies have c lea r ly  pointed t o  communication 

disruption a s  a strong determinant of annoyance. Indeed, t h e  study by 

WillLams, and coworkers has established some re la t ive ly  r e h a b l e  relat ionships 

between noise l e v e l  and ra ted  annoyance with a given noise environment. 

The question t h a t  I wish t o  enter ta in  here, however, i s  somewhat 

d i f ferent .  Specif ical ly,  what i s  the  proper way t o  measure the  amount of 

disruption of the  speech communication process caused by t.ly pa r t i cu la r  

noise environment? This question has previously been approached from a 

number of viewpoints but most of ten  i n  the  context of the  assessment of 

t h e  qual i ty  of electronic communication systems, A number of categories 

of communication system t e s t s  have been ident i f ied ,  including a r t i cu la t ion  



t e s t s ,  i n t e l l i g i b i l i t y  t e s t s ,  speech interference t e s t s ,  and speech compre- 

hension t e s t s  (Chambers, 1973). Tne major emphasis of these t e s t s  has 

been on the  accuracy of immediate iden t i f i ca t ion  of speech sounds a t  the  

phonetic, phonemic Qr syntact ic  levels .  However, l i t t l e  a t tent ion  has been 

focused on t h e  eff iciency with which information is  communicated, although 

speech comprehension t e s t s  p a r t i a l l y  address t h i s  question. To be sure, 

i n t e l l i g i b i l i t y  i s  t h e  most obvious th ing t o  examine i n i t i a l l y ,  i f  we 

cannot hear a spoken message o r  understand individual words, fur ther  

processing i s  d i f f i c u l t  o r  impossible. However, recent advances i n  the  

modeling of human information processing (e.g, Norman and Lindsay, 1973) 

suggest t h a t  reduction of i n t e l l i g i b i l i t y  may be only the  most obvious 

manifestation of the  disruption of t h e  speech understanding process. Even 

i n  s i tua t ions  where i n t e l l i g i b i l i t y  is  perfect ,  interference with the  t o t a l  

communication process may be taking place. 

b t u a l l y ,  telephone engineers and others  associated with t h e  design 

of advanced e lec t ronic  communication systems, have been aware f o r  some time 

of t h e  need f o r  assessment t o o l s  t h a t  address more subt le  issues than 

i n t e l l i g i b i l i t y .  The need t o  quantify communication system quali ty,  fo r  

example, has l ed  t o  a number of  test paradigms. Pollack and Decker (1958) 

asked subdects t o  r a t e  how confident they were tha t  t h e  message they 

reported i n  a sentence comprehension experiment was i n  f ac t  t h e  one t h a t  

was transmitted, Confidence ra t ings  were found t o  be re l i ab ly  re l a t ed  t o  

average percent correct  message reception even when signal-to-noise r a t i o  

was varied. Even more importantly, however, t h i s  study i l l u s t r a t e s  an 

attempt t o  assess how sa t i s fac tory  t h e  process of communication is,  from 



t h e  point of view of t h e  rece iver ,  Such a measure might wel l  depend on 

f ac to r s  o ther  than simple i n t e l l i g i b i l i t y  provided by t h e  system. Munson 

and Karlin (1962) suggested t h a t  e q u d  preference contours could be  

constrv.ctued on a two-dimensional g r id  of speech l e v e l  and noise spectrum 

l e v e l  s o  t h a t  d i f f e r en t  speech/noise combinat ions could be e f f ec t ive ly  

ranked i n  terms of  qua l i t y  of t h e  transmission system. Richards and 

Swaffield (1953), ( c i t e d  i n  Broadbent, 1958 ) among o the r s ,  have s y ~ g e s t e d  

t h a t  t h e  l e v e l  of  e f f o r t  t h a t  must be expended by individual  speakers 

and l i s t e n e r s  is a good subjec t ive  measure of speech communication 

system qual i ty .  Nakatani (1971) proposes t h e  i n t e l l i g i b i l i t y  of speech 

i n  t h e  presence of i n t e r f e r i n g  speech a s  a good index of  e f fec t iveness  of 

a telephone system of  high qua l i ty ,  It i s  my in ten t ion  t o  suggest t h a t  

t hese  kinds of  measures, although they might be considered secondary measures 

of speech communication e f fec t iveness ,  nevertheless  be in tegra ted  i n t o  any 

assessment of annoyance due t o  a i r c r a f t  noise,  and t h a t  t h e i r  inclusion i s  

espec ia l ly  important where i n t e l l i g i b i l i t y  i s  e s s e n t i a l l y  perfect .  

The Information process in^ Model 

I have asser ted  t h a t  information processing i s  t h e  conceptual frame- 

work t h a t  w i l l  bes t  explain (and p r e d i c t )  some of t h e  more sub t l e  e f f e c t s  

t h a t  noise and o ther  s t r e s s e s  may produce i n  cognition.' To make it c l e a r  

why t h i s  should be so I would l i k e  t o  very b r i e f l y  review some of t h e  

major elements of t h i s  metetheory. 

Figure 1 is a schematic version of  a model proposed by Norman and 

Rumelhart i n  1970 t o  explain how people process very simple v i sua l  s t imul i  

(@,g. l e t t e r s  of t h e  alphabet i n  a recognit ion t a sk ) .  Although somewhat 

1 
This view has been proposed before. Spe pa r t i cu l a r ly  Broadbent 
(1958 , 1971 ) 
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removed from the  kinds of speech processing we a re  discussing here, the  

model is exemplary of t h e  c l a s s  of information processing models. The 

major points t h a t  t h i s  model i l l u s t r a t e s  a r e  the  following: 

sensat ion, percept ion, memory and thought are m u t u ~ l l y  interdependent, 

perceptual response i s  asoumed not t o  be an immediate and d i rec t  con- 

sequence of a stimulus but ra ther  is  assumed t o  have gone through a 

number of stages of processing, each of which takes time t o  organize 

o r  t raverse,  

increased time t o  perform a task  r e f l e c t s  e i the r  an increase i n  com- 

plexity of processing o r  a decrease i n  processing eff iciency,  

processing is  l imited by capacit ies  of t h e  information processing 

channels o r  t h e  cen t ra l  processor, the  contents of the  stimulus, 

and/or the  p r io r  experience and condition of t h e  observer, and, 

the  r o l e  of memory and memory processes i s  emphasized because 

information i s  recoded and preserved, with varying degrees of 

f i d e l i t y ,  a t  each of t h e  stages i n  the  overa l l  process. 

To be sure, the  processing of speech is somewhat more complicated 

i n  a number of respects ,  analysis  of t h e  meaning as  well a s  t h e  surface 

s t ruc ture  of t h e  stimulus being necessary. More complicated models have 

been constructed f o r  processing tasks  of grea ter  complexity. Neve~theleus, 

the  essent ia l  fea tures  of t h i s  c l a s s  of models a s  noted above i s  assumed 

t o  hold. 

Given t h i s  metatheory, the  var ie ty  of ways t h a t  noise (or  any other 

s t r&sor )  might in te r fe re  with the  processing of speech information may 

be made clearer .  



A s  noted above, t h i s  model i s  f o r  a r e l a t i v e l y  simple perceptual  t a s k ,  

e. g. t ach is toscopic  recognit ion of v i sua l ly  presented mater ial .  The 

processing of  speech i s  c l e a r l y  a more complex business involving processing of 

t h e  meaning a s  wel l  a s  t h e  surface s t ruc tu re  of t h e  verbal  stimulus. Yet, 

t h e  generai f ea tu re s  of t h e  model ( t h e  l imi ted  capaci ty,  recoding and temporal 

emphasis not ions,  f o r  example) suggest: ( 1 )  a v a r i e t y  of ways i n  which a 

s t r e s s o r  such as noise might a f f e c t  t h e  processing of information and 

(2 )  a va r i e ty  of ways t o  measure t h e s e  e f f ec t s .  I n  f a c t ,  t h e r e  e x i s t s  a 

body of l i t e r a t u r e  t h a t  i l l u s t r a t e s  some of t hese  more sub t l e  noise e f f e c t s ,  

q u i t e  d i s t i n c t  from t h e  more t r a d i t i o n a l  changes i n  i n t e l l i g i b i l i t y ,  and 

t h a t  a r e  n ice ly  cons is ten t  with t h e  general information processing model. 

I w i l l  review some of t hese  below. 

Noise and Information Processing 

An important notion i s  t h a t  increased time t o  perform a t a s k  represents  

e i t h e r  an increase  i n  processing complexity o r  a decrease i n  processing 

efficiency. I n  e i t h e r  case,  t h e  expression, "an increase i n  processing 

load", i s  o f t en  used. Pollack and Rubenstein (1963) administered a standard 

&rticulat!.on t a s k  t o  observers with broadband na ise  of var ious l e v e l s  mixed 

i n t o  t h e  communication c i r c u i t .  I n  no case was t h e  noise of s u f f i c i e n t  

l e v e l  t o  cause decrements i n  measured i n t e l l i g i b i l i t y ,  The response time, 

nevertheless ,  was a monotonic increasing function of t h e  noise l e v e l .  It 

thus  appears t h a t  noise which has l i t t l e  e f f e c t  on ove ra l l  recognit ion 

performance might produce an increase i n  processing load. 

Holloway (1970) reasoned t h a t  i f  accuracy can be t raded off  w a i n s t  

response speed when processing complexity o r  load i s  increased, then  



r e s t r i c t i n g  t h e  time allowed f o r  responding should l ead  t o  a roduction of 

i n t e l l i g i b i l i t y  performance, Observers were given an ixnediate  recognit ion 

t a s k  f o r  monosyllabic words. The sy l l ab l e s  were presented i n  f i v e  l e v e l s  

of no ise  and at s i x  presentat ion r a t e s ,  from 24 t o  112 words per  minute. 

Resul ts  a r e  shewn i n  Figure 2. Although i n  t h i s  case,  noise d id  markedly 

affect  i n t e l l i g i b i l i t y  at t h e  lower speech-to-noise r a t i o s ,  t h e  important 

r e s u l t  i s  t h a t  t h e r e  i s  an in t e rac t ion  between speech-to-noise r a t i o  and 

presenta t ion  r a t e .  Spec i f ica l ly ,  decreases i n  i n t e l l i g i b i l i t y  are more 

pronounced f o r  f a s t  presentat ion r a t e s  than  f o r  slow. The r e s u l t  i s  there- 

fo re  cons is ten t  with t h e  idea  t h a t ,  t o  a degree, g rea t e r  accuracy may be 

achieved i f  more time is  allowed f o r  processing. Noise adds t o  pro- 

cessing complexity i n  aadi t ion  t o  ~ c t i n g  a s  a masker f o r  these  subJects.  

Other examples of t hese  more s . ~ b t l e  e f f e c t s  cf noise on t h e  communication 

process a r e  provided by Rabbitt  (1966; 1968).  In  a f i r s t  experiment, (1966) 

subjec ts  were presented l i s t s  of four  l e t t e r  nouns over a loudspeaker. 

The words were e i t h e r  presented i n  quie t  o r  mixed with pulse  modulated noise. 

Subjects had no t roub le  shadowing (e.g. repeat ing aloud) each word a s  it 

was presented, whether i n  quie t  o r  i n  t h e  noise.  When given a delayed 

recognition t a sk ,  however, i n  which both t a r g e t  m d  d i s t r a c t o r  Gords were 

presented subsequent t o  an i n i t i a l  p resenta t ion  of a t a r g e t  l is t ,  subjec ts  

misi.dentifiedmore of  t h e  d i s t r a c t o r  wonk presented i n  noise than they 

d id  i n  quiet .  The cor rec t  i d e n t i f i c a t i o n  r a t e  f o r  t a r g e t  words remained 

about t h e  same i n  e i t h e r  case. Table I shows t h e  r e s u l t s .  The two indices  

labe led ,  respec t ive ly ,  d t  and B, a r e  t h e o r e t i c a l  parameters which correspond 

t o  observer accuracy and observer c r i t e r i o n ,  It should be noted t h a t  both 

accuracy and c r i t e r i o n  parameters a r e  reduced when t h e  t e s t  words a r e  presented 
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it noise. Experiment 2 suggests t h a t  t h e  locus of t h e  noise ef fec t  i s  t h e  

time a t  which t h e  words a r e  f i r s t  presented f o r  memory, This i s  shown i n  

t h e  lower half of Table I where "qu.iet/noiseW denotes t h a t  t h e  o r ig ina l  list 

was memorized i n  quiet  but t e s t ed  i n  noise,  The accuracy index i s  higher 

f o r  t h i s  condlition than when the  words had i n i t i a l l y  t o  be memorized i n  

noise but recognized i n  quiet.  

Table I 

RECOGNITION: MEMORY FOR WORDS CORRECTLY HEARD I N  NOISE ( ~ a b b i t t ,  1966) 

Mean number correct  and f a l s e  pos i t ive  scores, with calcu- 
l a t e d  d' and $ fo r  four noise/quiet conditions 

Mean correct mean f a l s e  alarm mean d'  

Experiment 1 

quiet ( ~ ~ 1 7  ) 12.71 2.20 2.24 

noise ( ~ = 2 9 )  12.17 3 . 92 1.93 

Experiment 2 

quiet /  (N=12 ) 2.05 
noise 

noise/ ( ~ ~ 2 9 )  1.87 
quiet 

mean $ 

5.69 

3.77 

3.77 

3.52 

Recall of words i n i t i a l l y  learned i n  noise i s  similarly affeated. 

Rabbitt (1968) asked subjects t o  r e c a l l  l i s t s  of eight d i g i t e  which were 

i n i t i a l l y  presented f o r  memorization i n  e i the r  quiet o r  mixed with "0 dB S/N" 

noise. Immediate recognition was v i r t u a l l y  unaffected a s  shown i n  t h e  upper 



half  of Table 11. Delayed r e c a l l  ( i n  which observers must reproduce o r  

"recall" t h e  d i g i t  sequence a t  some point following t h e  i n i t i a l  p r e a e n t ~ ~ i o n )  

i s  d i f f e r e n t i a l l y  affected by quiet  and noise, however, Sequences were 

found t o  be more d i f f i c u l t  t o  r e c a l l  i f  l is ts  were i n i t i a l l y  heard i n  noise, 

Table I1 

MEAN ?\'UMBER OF LISTS OF EIGHT DIGITS CORRECTLY REPRODUCED 
RECOGNITION AND RECALL ( ~ a b b i t t ,  1968) 

d i g i t s  presented i n  noise 
Digits presented i n  quiet  with 0 dB S/N 

Recognition 
(and t ranscr ip t ion)  10.00 (s=O,O) 9.64 ( ~ = 0 . 4 8 )  

Recall 4.02 ( ~ = 3 , 9 )  2.84 (st4.20) 

An addit ional  experiment by Rabbitt (1968) appears t o  suggesr, t h a t  t h e  

increased d i f f i c u l t y  of r e c a l l  can be a t t r ibuted  t o  a reduction i n  observer's 

capacity t o  rehearse the  d i g i t  sequences when they a r e  heard i n i t i a l l y  i n  

noise. In  t h i s  respect the  r e s u l t s  f o r  r e c a l l  a re  t h e  same as  those f o r  

delayed recognition; the  decreased performance appears t o  be due t o  a decrease 

i n  cognitive capacity ( spec i f i ca l ly  a decrease i n  a b i l i t y  t o  commit the  

information t o  s torage) produced by the  noise. 

Thus, r o t e  memory t a sks  appear t o  be performed l e s s  e f f i c i e n t l y  by 

subjects when they a r e  forced t o  l i s t e n  t o  t h e  memory items in  noise, even 

though i n t e l l i g i b i l i t y  may renkin essen t i a l ly  perfect .  Are other  more 
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complex aspects of the  conrmunication process affected as  well? Rabbitt (1968) 

performed a fur ther  experiment i n  which subjects were read one of two prose 

passages emd then askea questions about t h e  content of these  passa(3es. Ten 

questions i n  all were asked, f i v e  from the  f i r s t  ha l f  of each passage and f i v e  

from t h e  second hal f ,  In  t h e  f i r s t  condition of t h e  experiment both halves 

of each passage were recorded through a simulated telephone l i n k  of 

r e l a t ive ly  high f i d e l i t y  and low noise. I n  t h e  second condition t h e  f i r s t  

half of each passage was recorded as  previously while the  second half  was 

mixed with noise t h a t  was maintained a t  an instantaneous noise l e v e l  5 dB 

below t h a t  of t h e  speech signal.  The r e s u l t s  of t h e  experiment m e  shown 

i n  Table 111. Interes t ingly ,  t h e  no-noise subjects  performed s igni f icant ly  

b e t t e r  than the  quiet lnoise even on t h e  f i r s t  half  of each passage, 

Apparently a t t en t ion  t o  a continuous stream of cew verbal data must be 

shared with rehearsal  and other  cognitive processes associated with the  

assimilation of what has already been heard. I f  more a t tent ion  must be 

al located t o  processing of l a t e r  material ,  l e s s  capacity i s  available fo r  

continued processing o r  development of understanding of e a r l i e r  material  

and r e c a l l  may be impaired. 



Table I11 

MEAN NUMBERS OF QUESTIONS ANSWERED CORRECTLY RE 
SCIENTIFIC AMEZlICAN EXTRACTS ( ~ a b b i t t  , 1968) 

N - 
Passage A 

No Noise 36 

Quiet/Noise 36 

F i r s t  Half of Passaae Second Half of Passage 

Passage B 

No Noise 26 

Quiet/Noise 26 

One f i n a l  l i n e  of evidence point: tciward a pre-emptive e f f e c t  t h a t  

noise may havo on cogni:,ive processing. I n  an experiment reported by 

Broadbent (1958) subjec ts  were required t o  share t h e i r  a t t e n t i o n  between 

a v i s u a l  t racking  t a s k  and a standard a r t i c u l a t i o n  t e s t .  !Two forms of s igna l  

d i s t o r t i o n  were chosen (simple f i l t e r i n g  and frequency t r a n s l a t i o n )  which 

produced t h e  same l e v e l  of performance as t h e  a r t i c u l a t i o n  t e s t ,  i n  t h e  

absence of t h e  t racking task .  The d i s t o r t i o n s  were e i t h e r  applied s ingly  o r  

i n  combination and performance on both t h e  a r t i c u l a t i o n  t e s t  and t h e  t racking  

t a s k  monitored. Results a r e  shown i n  Table IV.  The a r t i c u l a t i m  t a s k  scores  

a r e  shown i n  t h e  top  half  o f  t h i s  t a b l e ,   a able IVa) track!.ng t a s k  scores SLOW~ 

a t  t h e  bottom ba able IVb). The important r e s u l t  i s  t h a t  t h e  t racking and 



ar t icula t ion scores a re  essent ia l ly  independent. I have c i rc led  t h e  in teres t ing  

comparisons. 6ote t h a t  fo r  the  two conditions c i rc led  (with dashed l i n e s )  where 

visual  tracking scores a r e  ident ica l ,  a r t i cu la t ion  scores vary from 67 t o  el%. 
Similarly, t h e  so l id  c i r c l e s  show conditions which produce essent ia l ly  

equivalent tracking performance but great ly  varying ar t icula t ion scores. 

NOISE M A D  AND SUBSIIIIARY TASK PERFORMANCE  r road bent, 1958) 

Table IVa. The percentage of words correct ly heard with a simultaneous 
visual  tracking task  

High Pass 
Fi l ter ing Frequency Transposition 

Table IVb. The mean score on the  v isual  tracking task  while l i s t en ing  
t o  various d is tor t ions  of communication channel 

High Pass 
Fi l ter ing 
(cutoff-Hz ) Frequency Transposition 

-300 Hz - 200 Hz 0 Hz 



This last experiment i l l u s t r a t e s ,  i n  a most gray~hic fashion I believe, t he  concept 

of processing capacity and processing strategy. One can maintain performance 

on a par t icular  t a sk  a t  the  expense of performance on a subsidiary task. 

Maintenance of high performance on t he  primary task  i n  most cases can only be 

achieved at t he  expense of extra e f fo r t .  Is it unreasonable t o  suppose t ha t  

people are aware of t h i s  kind of cognitive cost and t ha t  t h i s  awareness may ! 
! 

lead t o  annoyance? 

The available evidence is  suggestive on t h i s  point but hardly con- 

clusive. Rabbitt (1966) reports  tha t  subjects who were able t o  maintain i 

high ar t icula t ion scores i n  a noisy environment nevertheless spontaneously 

exhibited a high degree of annoyance because of the  increased d i f f i cu l ty  

they experienced i n  attempting t o  remember the  material. 

What conclusions may be drawn from these studies? F i r s t ,  i n t e l l i g i b i l i t y  

and other measures of communication efficiency, a s  may be reflected i n  increased 

processing time, reduced capacity fo r  performing other tasks  or  reduce6 menory 

retention a b i l i t i e s ,  may be re la t ively  independent. Secondary measures of 

communicstion efficiency may exhibit greater  sens i t iv i ty  t o  noise disruption 

than i n t a l l i g ib i l i t y .  I f  subjective rat ings of annoyance are  i n  any way 

t i e d  t o  these, annoyance may be underestimated by i n t e l l i g i b i l i t y  scores. 

Second, the  kinds of disruption of t h e  communication process we have been 

discussing may well be representative of t he  action of noise as a s t r e s s  

ra ther  than noise as a masker. I f  t h i s  is  the  case, it may well be helpful 

t o  cons id~z  such effects  within t he  general context >f an informatio.1 pro- 

cessing model such as  the  one discussed. Finally,  t he  studies I have 

reviewed have fa i l ed  t o  deal i n  any quanti tat ive manner with noise para- 



meters and s i zes  of  the various e f fec t s  for the categories of disruption 

discussed. If these kinds of  e f fec t s  are deemed important enough t o  warrant 

further study i n  the context of aircraft noise, carefully selected information 

processing paradims should be used t o  establish relationships between 

noise parameters, information processing a b i l i t i e s ,  subjective 

ratings of annoyance, 



SUMMARY 

I n t e l l i g i b i l i t y  may be only t h e  most obvious measure of t h e  dis- 

ruption e f fec t  t h a t  a i r c r a f t  noise produces within t h e  context of speech 

communication. The l i t e r a t u r e  outl ining some of t h e  secondary e f fec t s  

of noise on human information processing and a conceptual model f o r  

in terpre t ing  these  e f fec t s  a r e  reviewed. It i s  concluded t h a t  secondary 

measures of communication eff iciency ( i . e .  information processing per- 

formance) may prove t o  be more sens i t ive  indicators  of noise disruption 

and noise induced annoyance than primary measures such as i n t e l l i g i b i l i t y .  
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ABSTRACT 

At the present time there are no speech testing methods that truly 

predict speech communication efficiency. There does exist a considerable 

body of data concerning speech reception. This data should be collated and 

abstracted into meaningful transfer functions. In the most experimentally 

rigid studies, there remain plaguing subjective factors contributing to 

prediction variability. Hence, it is suggested that a frankly subjective 

scaling method of speech testing may offer some advantages over present 

techniques. 



OBJECTIVITY-SUBJECTIVITY CONTINUUM IN INTELLIGIBILITY TESTING 

The long history of speech testing and the continued application of a 

variety of methods used to evaluate communication systems, either whole or in 

part, indicate the non-universality of a single, acceptable procedure. The 

following discussion is an honest evasion of a "true" answer to the question, 

I' can speech interf erence, or speech intelligibility ' really' be predicted. " 

At the present time, obviously, there is no single unequivocal answer, And 

before any meaningful discussion can be initiated, any possible answers will 

hinge upon the interpretation of the word "really" in the question above, as 

well as for several other terms, 

One of these other terms needing more precise specification is "speech 

intelligibility". This phrase and its synonym "articulation testing" afford 

very little information as to the focus of experimental attention under 

investigation, i . e . ,  the ends of the talker-listener continuum. To reduce 

ambiguity in reporting of experimental procedures and data, it is suggested 

that the investigator use the term speech reception (scores or values) if 

message recep~ion is the dominant factor being explored, or the output of a 

system bei~g assessed. If the experimental variable is some characteristic 

of the talker, i.e., dialectal differences, education, modification of 

auditory feedback, environmental or "internal" stressors, etc., then the 

appropriate descripter term would be speaker intelligibility. 

If the word "really", in the first paragraph above, means validly and 

reliably predicting message transference under all permutations of talkers, 

listeners, noise environments and communication equipments, the answer must 



be a blunt, "No" , Even in well controlled laboratory situations, with only 

one element of the "communication chain" allowed to vary systematically, the 

variance is often unacceptable. When all of the elements can be affected 

simultaneously, as in most operational environments, it is fortunate that 

spoken language is so highly redundant. 

However, if the word "really" can mean adequately predicting listener 

reception efficiency (either operationally or pragmatically), then the 

answer is a reasonably firm "Yes". If intelligibility means speaker intelli- 

gibility, the answer must be a reasonably firm "No". There exists a rather 

large body of experimental data concerning listener reception. While there 

is a considerable number of studies exploring speaker intelligibility, these 

usually lack the statistical wealth of subjects representing populations as 

found in listener reception studies, This speaker-subject condition is due, 

in part, to the numbers of listeners whose responses must be used to validate 

the output of a single talker; costly in terms of manpower and time. 

Since there exists such a substantial corpus of data relating listener 

reception efficiency to a wide variety of speech sanlples (testing materials), 

environmental conditions, psychological and physiological factors, it should 

be possible to abstract and collate the findings up to the present with a 

goal of constructing transfer functions which would allow listener reception 

productions across several of the reception influencing factors before other 

more objective testing methods are sought. For example: 

There is a well-known family of monotonic curves relating percent 

correct speech reception vt jus Articulation Index (AI) abstracted from 

various investigations that used speech test materials varying in difficulty 



l e v e l  from Spondee words, eentences,  rhyme t e s t s ,  multiple-choice, PB, t o  
I 

CVC nonsense s y l l a b l e s .  The r e s u l t s  on the  same s o r t  of speech t e s t s  have 

been p lo t t ed  f o r  percent co r r ec t  recept ion versus  signal-to-noise e a t l o s  

(SIN) y ie ld ing  s i m i l a r  monotonic funct ions.  I n  ne i the r  case a r e  the funct ions 

l i n e a r ,  but have the  usual  sigmoidal shape. Now, i f  one were t o  carefu l ly  

eva lua te  a l l  of t he  cont r ibu t ing  da ta  abs t rac ted  i n  t he  two , I . !  i e s  of curves 

and found the  d a t a  po in ts  r e l i a b l e ,  i t  should be poss ib le  t o  * . ' . . ~ e  the  da t a  

t o  der ive compound r e l a t i onsh ips ,  By taking a p a r t i c u l a r  percent za r r ac t  

score,  i . e . ,  25, 50 o r  7 5 ,  and p l o t t i n g  these po in t s  f o r  each test along SIN 

and A 1  axes,  a preliminary hypothet ical  set of funct ions probably would look 

l i k e  those shown i n  Figure 1. Each percent l i n e  has a d i f f e r e n t  s lope,  but  

t he  speech t e s t  type r e l a t i onsh ips  a r e  roughly l i n e a r .  The 50 percent l i n e  

does seem t o  approach a s lope of one. 

To examine f u r t h e r  the  l i n e a r i t y  of the  speech t e s t  type r e l a t i m s h i p ,  

i t  is  poss ib le  t o  construct  an A1 versus A1 funct ion using the  same percent 

co r r ec t  points  a s  above f o r  each type of speech t e s t .  This hypothe t ica l  

comparison might be s imi l a r  t o  the  p lo t  shown a s  F i g w e  2. I dea l ly ,  the  

th ree  l i n e s  should have a s lope  of one but be separated a t  two regions along 

the  diagonal. The percent cor rec t  l i n e  s lopes do not dev ia te  f a r  from one, 

but t he re  i s  considerable curve ~ e r l a p ,  i . e . ,  no separa t ion ,  

Another graphic summary which should prove i n t e r e s t i n g ,  i f  t he  da ta  were 

ca re fu l ly  evaluated,  equated, and properly p lo t t ed ,  would be t o  use the  50 

percent value found f o r  each of the various types of speech t e s t s  determlned 

under a va r i e ty  of no ises ,  varying i n  complexity and band width, and hold t he  

SIN constant.  



I n  res t ruc tur ing  the present ly ava i lab le  da ta  one of the r e s t r i c t i o n s  

t h a t  c r i t i c a l  examination should reveal  is t h a t  many inves t iga tors  have 

modified the output speech s igna l ,  usually de l ibera te ly .  I n  o tner  words, 

t he  data-base would have t o  consis t  of s tud ie s  i n  which the s igna l s  were 

presented over a r e l a t i v e l y  broad-band system (0.2 - 8 KHz) and be unprocessed, 

t ha t  is, not peak clipped (Lickl ider ,  1945), time delayed (Thompson, e t .  a l . ,  

1972), pseudo.Aichotic modifications (Tolhurst,  1971) : ~ r  by other  types of 

r e l ea se  from masking techniques. 

Nor is i t  possible  a t  the  present time t o  construct  various t r ans fe r  

funct ions concerned with general iz ing predic t ions  of S/N r a t i o s  between the  

conditions i n  which the s igna l  l e v e l  va r i e s  a s  the  independent var iab le  under 

severa l  l eve l s  of noise (one l e v e l  a t  a time) and the conditions i n  which the  

Independent va r i ab l e  is the  masking noise  l eve l  during which the speech s igna l  

remains constant.  There has not been enough of the l a t e r  type s t u d i e ~  t o  

make the comparison va l id .  Slgnal-to-noise "should be" signal-to-noise 

regardless  of which components of the r a t i o  i s  varied,  but there  a r e  indica- 

t i ons  of differences from l i n e a r i t y  a t  the extremes of the in t ens i ty  range. 

The vei led optimism regarding l i s t e n e r  reception predic t ion  expressed 

above and the  nearly complete pessimism of predict ing speaker j n t e l l i g i b i l i t y  

e f f ic iency  remain. This may be because of the vas t  number of var iab les  t o  be 

control led a t  any one in s t an t  of experimental time (Berman, e t .  a l . ,  1970). 

Webster (1972) has indicated one f ac to r  contr ibut ing t o  l i s t e n e r  recept ion 

var ia t ion :  "There a r e ,  i n  f a c t ,  a t  l e a s t  10 standhrdized t e b t s  t h a t  can, 

when properly chosen, g i v t  r e l i a b l e  (repeatable) scores  varying from 50% t o  

90% on the same ' t e s t  system'. This apparent anomaly e x i s t s  --- because of 



t he  extreme redundancy of spoken language." I n  addi t ion  t o  t h i s  and o ther  

language f ac to r s  inherent i n  speech t e s t i ng ,  and somewhat regardless  of  the  

type of t e s t ( s )  to  be used and the  sophis t ica t ion  of t he  experimenter o r  of 

the  experimental procedures he may employ, there  is always a c e r t a i n  r e s idua l  

(amount, degree) of subjec t ive  f ac to r ( s ) .  Test r e s u l t s  can be  a f fec ted  by 

the  ' mguage sample u t i l i z e d  (Schultz, l972),  introducing f ac to r s  of subjec t  

v a r i a b i l i t y  whether they be classed a s  psycholngical o r  physiological  

(Boothroyd, 1968), o r  by the  se l ec t ion  and use of experimental instrumenta- 

t ion. 

Several inves t iga tors  have commented on the  v a r i a b i l i t y  due t o  language 

sampling. Speech communication is a s e r i e s  of message un i t s  spoken i n  a 

sequence (Egan, 1957). These s igna l s  a r e  p robab l i s t i c  i n  nature i n  t h a t  a 

wide var ie ty  of inputs  may give rise t o  the  same phonemic perception and 

iden t i ca l  inputs  can give r i s e  t o  d i f f e r en t  phonemic perceptions (Schultz, 

1972). Even when the  t e s t s  a r e  composed of meaningful monosyllabic words, i n  

which there  a r e  few contextual cues, subjec ts  do not e l iminate  a l l  such 

cues (Boothroyd, 1968) . 
Some of the  psychological f ac to r s  t h a t  keep speech recept ion t e s t i n g  from 

being a s  object ively predic tab le  a s  inves t iga tors  and the  consumers of t h e i r  

s tud ie s  would l i k e  a r e  the  in t e l l i gence  ranges of the  subjec ts  (Speaks, 

1972; Broadbent, 1967) and a corol lary of in te l l igence ,  educational l eve l  

and maturation (Boothroyd, 1968). In  addi t ion,  there is the  f ac to r  of both 

the  immediate and long-term psychological "set" of the receiver  who l i s t e n s  

and makes h i s  bes t  guess a s  t o  the message sen t .  H i s  accuracy is influenced 

by the  confusabi l i ty  among the  message subsets ,  e i t h e r  open o r  closed 



(Egan, l95;'), word probability within a language, item difficulty (Speaks, 

et. al., 1972), and the acoustic coarticulation effects of phonemic probabili- 

ties between diagram and trigram combinations (Boothroyd, 1968). There is 

also the potent subjective factor of the criterLan level the listener adapts 

under any particular experimental situation (Egan, 1957; Berman, et. al., 

1970). The subjective criterion level can be shifted in either direction by 

the varient sorts of behavior of the investigator in structuring the experi- 

mental design and/or during the running of subjects. The results are often 

given the blanket category of "experimentor error". And as in any list, 

there are always the etceteras. 

Physiological factors which may intrude, in addition to the characteris- 

tics of the masking noise(s) and their effects upon hearing, comprise a long 

list and they are more conjectural in nature than the acoustic and psycholo- 

gical modifiers outlined above. Definitive experiments are more difficult 

to do even in the laboratory. Adequate assessments under operational 

conditions are generally not feasible . However, it is impossible to overlook 
the "case-history" indications of the effects upon speech production and 

reception of fatigue. The state may be defined as the result of stresses of 

long duration task performance, short or long-term high task loading or 

complete physical-emotional exhaustion and/or excessive sleep deprivation. 

There are, almost undou>tedly, short-term and accumulative effects upon the 

function or malfunction of the organism due to diet and the extension of that 

continuum, drugs, either prescriptive or social. Other environmental changes 

affecting the human physiology can be reflected to psychological modifications 

and affect communications efficiency both as to perception and production of 
speech. 

22 1 



The contributions to subject variability attributable to inadequate 

and/or intimidating instrumentation are mote or less obvious to most investi- 

gatorr;. These factors can be reduced to having minimal effects by using 

reasonable scientific accumen and expenditure of time and funds. Hence, no 

further listings will be attempted here. 

The preceeding sections of this paper have been an effort to gather 

evidence, opinion and assumptions that no speech testing procedure can be 

objective, truly. Since there is a wide range of variable subjectivity in 

any presently employed testing methodology, it may be expedient to obtain 

estimates of comunicatior! transmission efficiency by a technique that more 

or less "exploitstt subjectivity . This procedure has been experimentally 
tested and reported by Speaks, et. al. (1972). This study was an extension 

and refinement of earlier research of Hawkins and Stevens (1950) in which 

they had the subjects vary the @mplitudeof a running sample of continuous 

speech until the subjects reported they heard something -Jersus not hearing 

anything. This level they labeled as the Threshold of Detectability (TD) 

for speech. They then increased the continuous speech presentation level in 

small increments until the listeners reported they could "just understand" 

the meaning of most words and phrases in the speech sample. This average 

level was termed, Threshold of Intelligibility (TI). The differences in 

presentation level between the two thresholds was not large, only 9 dB. 

Other examples of the use of "scaling techniques" to find thresholds of 

running speech are found in the reports of Falconer and Davis (1959), OtNeil 

(1954), and others including Dahle, Hume and Haspiel (1968). 



=peaks, e t .  a l .  (1972) employed a l imited number of t ra ined  subjec ts  t o  

ad jus t  the  ',eve1 of running speech, mixed with noise ,  using a ' ' ~ e k e s ~ ' '  

technique, u n t i l  they could report  they were understanding the  speech a t  some 

f ixed  percentage of understanding, i .e . ,  25, 50, 75 and 100 percent .  These 

inves t iga to r s  had t h e i r  l i s t e n e r s  ad jus t  the  l e v e l  of speet7h during ~ h i c h  

the  background white noise was kept a t  a constant l e v e l  and then a separa te  

s e r i e s  of judgments i n  which the  noise  l e v e l s  were adjusted while t he  speech 

presenta t ion  l e v e l  was kept constant.  Their r e s u l t s  a r e  reported i n  percent- 

age cor rec t  values which d i f f e r  from the  previous s tud ie s  using sca l ing  

methods. Rel iabi lLty estimates of the  subjects '  judgments were high with the  

standard deviat ions ranging from 0.8 t o  1.3 dB f o r  the 25, 50 and 75 percent 

sca led  values,  which means t h a t  t h e i r  subjec ts  did not vary s ign i f i can t ly  

when they had a s imi l a r  l e v e l  of t ra in ing .  

Two s e r i e s  of t e s t s  were run t o  assess  the comparability between 

I n t e l l i g i b i l i t y  estimation judgments and sentence r e p e t i t i o n  (shadowing) per- 

cen t  cor rec t  scores ,  the l a t t e r  a common method of determining speech 

recept ion accuracy, From da ta  obtained under various signal-to-noise r a t i o s ,  

t he  co r r e l a t ion  coef f ic ien t  between t F - 2  two s e t s  of da t a  was .93, l a t e r  

corrected t o  .84 showing t h a t  sca l ing  judgments and senteace r e p e t i t i o n  a r e  

highl; re la ted .  Additional comparisons, using other  types of speech recept ion 

t e s t s ,  should be  made. 

While Speaks, e t .  a l .  (1972) did not e x p l i c i t l y  def ine the time expendi- 

t u r e  of the subject  t r a in ing  perlod, i t  cannot exceed the time needed to  t r a i n  

a l i s t e n i n g  panel t o  t ru ly  adhere t o  the ANSI standard f o r  a r t i c u l a t i o n  



testing using PB monosyllabic words. It is very probable that subject 

training need be no more extensive or rigorous than with other articulation 

testing methods. 

Once trained, the listening panel could rapidly determine reception 

functions under a wide variety of noise spectra, each noise at several SIN 

ratios. It should be possible to explore a number s f  conditions of language 

usage or operational vocabularies at any specified level of face validity. 

Additionally, this speech reception scaling would allow an investigator to 

survey rapidly various "release-from-masking" techniques. 

Unless psycho-acousticians wish to extend and/or utilize an instrumental 

analysis of speech combined with noise weighting factors as developed by 

Licklider, et. al. (1959) which yielded an index proportional to AI, it may 

seem unrealistic to continue to seek objective, universal predictors based on 

human response data. Since obtaining on-line electrophysiological or bio- 

chemical indexes of human speech perception is unlikely in the near future, 

it may be worthwhile to exploit reliable subjective methods, blatantly and 

frankly. 



75% CORRECT 

# 

A' = 50% CORRECT 

SIGNAL-TO-NOISE RATIO 

Figure 1.  25, 50, and 75% correct reception score values obtained from s i x  
different  speech t e s t s  as a function of A1 and SIN. The speech t e s t s :  spondee, 
sentence, rhyme, multiple-choice,PB, and nonsence sy l lables  are always plotted 
i n  that order. 



AR'I'PCULATION INDEX ( A 1  ) 

Figure 2 .  25, 50, 75 and 100% correct reception score values obtained from 
f i v e  different  speech t e s t s  as  a function of A 1  versus AI. The speech t e s t :  
spondee, sentence, rhyme, PB, and nonsense sy l lables  are always plotted i n  
that order. 
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