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PERCEPTUAL LEARNING OF MIRROR-IMAGE ACOUSTIC PATTERNS1 

M.E.  Grunke and D . B .  P i s o n i z ,  Psychology Depar tment ,  Ind iana 

Unive rs i t y ,  Bloomington,  Indiana u7uo1 U . S . A .  

The phonet ic un i t s  o f  spoken language a r e  o f t e n  mapped in a 

one-to-many fashion onto their acoust ic  representat ions in 

speech. As a consequence, a chi ld acquir ing language must in 

some way b e  ab le  t o  recogn ize  a v a r i e t y  o f  d i f f e r e n t  acous t ic  

signals a s  members o f  the same phonetic ca tegory .  For example, 

the /b/  in the syl lable /ba/  i s  character ized by  rapidly r is ing 

fbrmant t rans i t ions  i n to  the fo l lowing v o w e l ,  whereas the  same 

consonant in the syl lable lab/ i s  character ized b y  rapidly 

fall ing formant t r ans i t i ons .  

In v i ew  o f  the l a c k  o f  one- to-one correspondence be tween 

phonemes and_ the i r  acoustical representat ions in speech, i t  would 

seem advantageous for  a chi ld learn ing language i f  the var ious  

acoust ical  forms o f  a pa r t i cu la r  phoneme were  re la ted to each 

other perceptua l ly .  In f a c t ,  the acous t i ca l  representa t ions  o f  

stop consonants in  in i t ia l  and f inal posi t ion, although 

physical ly d i f f e r e n t ;  a r e  r e l a t e d :  s top  consonants in f inal  

syl lable posi t ion a r e  roughly t he  m i r ro r  image i n  t ime o f  their 

counterparts in in i t ia l  posit ion. But are  mirror-image acoustic 

patterns inherent ly  re la ted  perceptua l ly  for the  l i s tener?  

The issue o f  the perceptual  re la tedness  o f  mi r ror  image 

acoustic pat terns  was addressed recen t l y  in  a ser ies  o f  

experiments b y  K la t t  & Shattuck (1975)  & Shattuck and K la t t  

(1976).  They presented br ie f  pure-tone acoustic patterns to 

adult l i s teners  who had to  make a s imi la r i ty  judgment. The 

acoustic pat terns were two-component f requency gl issandos with a 

short-term spectral composition similar to the formant 

t ransit ions in speech. 

The resu l ts  o f  these exper iments did not  support the 

original hypothesis that mirror-image acoustic patterns are 

intrinsically similar for a l istener. Instead, judgements o f  

Perceptual similarity for these patterns were based primarily o n .  
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the d i r e c t i o n  o f  the  lower  g l issando component ,  the component 

occurr ing in the reg ion o f  the second formant. 

We h a v e  conduc ted  t h r e e  expe r imen ts  tha t  a l so  add ress  the 

ques t ion  o f  whether  mi r ro r - image acous t i c  p a t t e r n s  a re  

i n t r i n s i c a l l y  r e l a t e d .  H o w e v e r ,  we used  acous t i c  pa t t e rns  tha t  

inc luded a s t e a d y - s t a t e  cons tan t  f requency ( C F )  po r t i on  a s  wel l  

as  a rap id  f requency gl issando (FM) .  In add i t ion ,  we used a 

perceptua l  l ea rn ing  paradigm in  which l i s t e n e r s  had to l ea rn  t o  

map four d i f f e r e n t  acous t i c  p a t t e r n s  i n t o  two  response 

c a t e g o r i e s .  We wanted to  know which o f  s e v e r a l  mapping 

arrangements o f  these pa t te rns  would be  eas ies t  for  l is teners to  

l e a r n .  

St imul i  

Three s e t s  o f  s t imu l i ,  w i t h  four s i gna l s  per  s e t ,  were  

generated using a complex-tone generat ing program (Kewley-Por t ,  

1 9 7 6 ) .  Each stimulus component consis ted o f  a 60 msec l inear 

r i s e  or  f a l l  (FM)  in  f requency and a 1 4 0  m s e c  cons tan t - f requency  

(CF) port ion.  The four s ignals within a se t  d i f f e r e d  in whether 

the f requency  t r a n s i t i o n  was r i s i n g  or f a l l i ng  and whether the 

t r ans i t i on  p receded  o r  fo l lowed the s t e a d y - s t a t e  po r t i on .  

The th ree  s t imu lus  s e t s  d i f f e r e d  i n  the  number o f  component 

t o n e s ,  e i the r  o n e ,  t w o  or  t h r e e .  Frequency  v a l u e s  were se lec ted  

to cor respond t o  v a l u e s  o f  the  f i r s t ,  second ,  and th i rd  formants 

in the syl lables / b a / ,  I d a / ,  / a b / ,  and / a d / .  For the Single-Tone 

s e t ,  the  pa t t e rns  cor responded to  the f requency  o f  t he  second 

formant .  For  the Double-Tone s e t ,  component f requenc ies  

corresponded to  the  second and t h i rd  fo rman ts .  For the 

Triple-Tone s e t ,  a l l  three formants were represented although the 

f requency t r ans i t i ons  cor responding to  the  f i r s t  formant a lways  

r o s e  when i t  p receded  the s t e a d y - s t a t e  and fe l l  when i t  f o l lowed 

the s t e a d y - s t a t e ,  i n  accordance with the formant mot ions observed 

in na tu ra l  speech.  

Experimental Procedure and Design 

In the perceptua l  learn ing task  one st imulus from a 

par t icu lar  set  was p resen ted  v i a  headphones on each  t r i a l  t o  

sub jec ts  who responded b y  p ress ing  one o f  t w o  response  bu t tons .  

C o r r e c t  feedback w a s  p rov ided  a f t e r  each  response accord ing to 

one o f  three st imulus mapping arrangements.  In the Mirror-Image 

———-l 
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condi t ion,  st imuli with a r is ing transi t ion preceding the 

s teady—sta te  ("—_“) or  a fal l ing transit ion fol lowing the 

s teady-s ta te  (“““—\) were assigned to one response (R1)  whereas 

stimuli w i th  a fal l ing t rans i t ion  preceding the s teady-s ta te  

(x…—__) or a r i s i n g  t r ans i t i on  fo l low ing  the s t e a d y - s t a t e  (___—‚0 

were ass igned to  the other response ( R 2 ) .  In the Rise-Fal l  

cond i t i on ,  s t imu l i  w i th  r i s ing  t r ans i t i ons  e i the r  p reced ing  or 

fol lowing the s teady-state (/————-————’) were assigned to one 

response:  the two  stimuli with fall ing transi t ions (‘————--————\) 

were ass igned  t o  the  o the r .  In the Temporal -Posi t ion cond i t i on ,  

the s t imul i  were  ass igned to  responses  accord ing  to  the temporal 

pos i t i on  o f  t h e  t r a n s i t i o n s  - -  whether  the  t r ans i t i on  preceded  

( f — — \ - — )  or fol lowed (--——\-—-—-/) the s teady-s ta te  

f requency .  

In add i t i on  to  tes t  t r i a l s  on which responses  were 

co l l ec ted ,  s tudy  periods were  a lso in te rspersed t o  he lp sub jec ts  

l earn  the appropr ia te  s t imulus-response mapping. During s tudy  

p e r i o d s ,  s e v e r a l  r epe t i t i ons  o f  each  o f  the t e s t  st imuli were 

presented wh i l e  feedback was p rov ided .  

R e s u l t s  and D i scuss ion  

Responses  w e r e  analyzed in te rms o f  number c o r r e c t  b y  

s t imulus.  O f  the three mapping cond i t ions ,  the Temporal-Posi t ion 

condit ion showed the highest performance with 8 8 . 5 5  co r rec t .  

More impor tan t l y ,  h o w e v e r ,  the Mirror-Image condi t ion produced 

more a c c u r a t e  respond ing ,  78% c o r r e c t ,  than the R ise -Fa l l  mapping 

condit ion wi th 68.3% co r rec t  response. 

With r e s p e c t  t o  stimulus s e t ,  the Double-Tone st imul i  showed 

slightly be t te r  performance, 81.6%, than the Single-Tone s e t ,  

with 78 .7%.  However ,  the Triple-Tone set which more closely 

resembled speech showed the  poorest  performance w i t h  only 7u .51  

c o r r e c t .  

These r e s u l t s  h a v e  s e v e r a l  impl icat ions for learn ing  o f  

acoust ical  pat terns resembling speech. F i rs t ,  the eas iest  

stimulus mapping condition to learn was the one based on the 

temporal posit ion o f  the t ransi t ion in the pat tern - -  a 

re la t ionsh ip  that  c lear ly  d o e s  no t  requ i re  the sub jec t  t o  analyze 

out  the component f requencies a t  onset  or  o f f s e t .  Sub jec t s  can 

simply use temporal posit ion ( i . e . ,  in i t ia l  v s .  f ina l )  as the 
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mos t  sa l ient  d imension for learn ing and ignore a l l  other 

d i f f e r e n c e s .  Second ,  i t  i s  a lso  apparent  f rom our r e s u l t s  that  

when the  pos i t ion  o f  the  t r a n s i t i o n  becomes an i r r e l e v a n t  

a t t r i bu te  to  b e  ignored b y  the s u b j e c t ,  a st imulus arrangement 

b a s e d  on  a m i r ro r - image  re l a t i onsh ip  i s ,  in  f a c t ,  eas ie r  to  l ea rn  

than one  b a s e d  on  on l y  t h e  d i rec t ion  o f  f requency change o f  the 

t r ans i t i ons .  Thus,  whi le mi r ror - image pa t te rns  a r e  n o t  the same 

p e r c e p t u a l l y ,  s u b j e c t s  a r e  neve r t he less  able t o  r e c o g n i z e  and 

s e l e c t i v e l y  a t tend  to  the c r i t e r i a l  p roper t i es  o f  the st imul i  

t ha t  de f ine  the i r  equ iva lence.  In both o f  t hese  mapping 

cond i t i ons ,  sub jec t s  must  "hear -ou t "  the ind iv idua l  components o f  

the pat terns  and respond  to them s e l e c t i v e l y .  

In Exper iment  1 we used tonal  pa t te rns  so that the stimuli 

would n o t  b e  heard  a s  speech.  The r e s u l t s  would b e  un in te res t ing  

i f  sub jec ts  simply heard these pa t te rns  a s  speech and used 

phonet ic labe ls  t o  mediate acqu is i t i on .  By th is  i n te rp re ta t i on ,  

mirror- image pat te rns  would be super ior  to  

d i rec t ion-o f - t rans i t ion  mapping because the st imul i  within a 

mi r ror - image pai r  evoke  the same phonetic label  —— i . e .  "b" or 

" d "  —- and n o t  because  the i r  con f igura l  p roper t ies  a r e  

i n t r i ns i ca l l y  r e l a t e d .  To study the e f f e c t s  o f  ca tegor i za t ion  on 

pe rcep tua l  learn ing we c a r r i e d  out another exper iment to  

determine how we l l  sub jec ts  could i den t i f y  these pa t t e rns  when 

exp l i c i t l y  provided w i th  labels  that  emphasized a t ten t ion  to  

ei ther the acoust ic  or phonet ic p roper t i es  o f  the s t imul i .  

Experimental  Procedure and Design: Experiment 2 

In Experiment 2 sub jec ts  were required to  i den t i f y  the 

stimuli into one o f  four categories provided b y  the experimenter. 

In the Acoustic-Label condit ion, sub jec ts  were told that the 

st imul i  were tones  consis t ing o f  a shor t  in te rva l  w i t h  constant  

p i t ch ,  fol lowed or preceded b y  a rap id  r i s e  or fa l l  in  p i tch.  

The acoust ic  labels  were  schematic l ine drawings  o f  the t ime 

course o f  the frequency change o f  each stimulus (/————‚‘\———- , 

————\‚ -——~’). In the Phonetic-Label condit ion, subjects were 

told that  the st imuli were modif ied tokens o f  natura l  speech and 

were provided with the labels / b a / ,  I da / ,  lab/ ,  and lad / .  
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R e s u l t s :  Expe r imen t  2 

For the S ing le-  and Double-Tone s t imul i ,  acous t i c  l a b e l s  

w e r e  matched  m o r e  a c c u r a t e l y  than phonet ic  l abe ls .  This e f f e c t  

was r e v e r s e d ,  h o w e v e r ,  fo r  the Tr ip le—Tone s t imu l i ,  where  

phonetic labels were more accura te  than acoustic labels .  The 

add i t i on  o f  a component in  the r e g i o n  o f  the  f i r s t  formant  

marked l y  i n c r e a s e d  the a c c u r a c y  o f  phonet ic  c a t e g o r i z a t i o n  wh i le  

dec reas ing  pe r fo rmance  w i th  acous t i c  l a b e l s .  N o t e ,  h o w e v e r ,  tha t  

the  l o w  tone for  each  Tr ip le-Tone s t imulus  had e i t he r  an i n i t i a l  

r i s i n g  or f i na l  fa l l i ng  t r ans i t i on  which d i d  not  pa ra l le l  the 

d i r e c t i o n  o f  the  o ther  t r a n s i t i o n s .  The p resence  o f  t hese  

c o n f l i c t i n g  f requency  g l i ssandos  no doubt p roduced i n t e r f e r e n c e  

i n  the acoust ic  labeling condit ion. 

In Exper iment  1 acqu is i t i on  per formance was  poorer  for  

Triple-Tone st imuli  than for Single- and Double-Tone st imul i ,  a 

p a t t e r n  which was r ep l i ca ted  here on l y  in  the Acous t i c  Labe l  

cond i t i ons .  Thus ,  these r e s u l t s  support the i n te rp re ta t i on  tha t  

sub jec t s  in  Exper iment  1 w e r e  l i s ten ing pr imar i ly  i n  an aud i t o r y ,  

r a the r  than phonet ic  mode and s t rong l y  suggest  tha t  

phonet ic-mediat ion was no t  respons ib le  for  the outcome observed  

e a r l i e r .  

The m i r r o r  image p a t t e r n s  used  here a lways  shared th ree  

p roper t ies  in  common: ( 1 )  t h e y  had  the same s t eady -s ta te  

f requencies,  ( 2 )  the frequency t rans i t ions a t  onset  and o f f s e t  

had the same short-term spectra l  composit ion, and ( 3 )  members o f  

a g iven mirror- image pair had roughly the same average frequency. 

These th ree proper t ies a re  po ten t ia l  f a c t o r s  tha t  cou ld  

con t r ibu te  t o  the sal ience o f  m i r ro r - image p a i r s  and the 

advantage observed  i n  l ea rn ing .  The f i r s t  fac to r  could no t  h a v e  

p layed a r o l e  i n  the ear l ie r  resu l t s  s i nce  a l l  p a i r s  w i th in  a 

st imulus s e t ,  whether mir ror—image or  n o t ,  had ident ica l  

s teady -s ta tes .  However ,  the other  two p roper t ies  could have  been 

used a s  re l i ab le  d isc r im ina t i ve  cues  b y  sub jec ts  to  f ac i l i t a te  

learn ing.  

To determine which o f  these acoust ic  a t t r i bu tes ,  i f  a n y ,  was  

responsib le  for the advantage observed i n  learn ing  mirror- image 

pa i rs ,  we repeated Experiment 2 adding two additional stimulus 

s e t s ,  one wi th average f requencies and the other wi th the 
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t r ans i t i ons  ad jus ted  to b e  e q u a l .  

cons tan t  

We a lso  included the original 

s t e a d y - s t a t e  s t imu l i .  WOuld the  m i r ro r - image  condi t ion 

con t inue  t o  show an advan tage  in  learn ing under these t w o  new 

st imulus cond i t i ons?  

Exper imen ta l  P rocedure  and Des ign :  Exper iment  3 

The exper imenta l  procedure was  the same a s  Exper iment  1. 

Double-Tone used and the 

mapping Three 

st imulus s e t s  were  c o n s t r u c t e d ,  aga in  wi th  four s t imul i  per s e t .  

Each s e t  

used  

H o w e v e r ,  on ly  s t imul i  w e r e  

Tempora l -Pos i t i on  cond i t ion  was e l im ina ted .  

conta ined the  i n i t i a l — r i s i n g  and f i na l - f a l l i ng  stimuli 

ear l i e r .  For the wi th t ransi t ions,  

f requency va lues  for  the i n i t i a l - fa l l i ng  and f i na l - r i s i ng  stimuli 

w e r e  se t  than i n  the p rev ious  e x p e r i m e n t ,  s o  that  the 

t r ans i t i ons  were  i den t i ca l  f o r  a l l  s t imu l i .  

were 

st imul i  i den t i ca l  

l ower  

These t w o  st imul i  

l owered in f requency fo r  the Average-Frequency s e t  to  

make a l l  s t imul i  equal in  ave rage  f requency .  

a l s o  

R e s u l t s :  Exper iment  3 

The d i f f e r e n c e  in  per formance be tween  Mirror- Image and 

R i se—Fa l l  mapping cond i t ions  was  rep l i ca ted  wi th  the 

Cons tan tnSteady—Sta te  s t imu l i .  The d i f f e r e n c e  between 

Mir ror- Image and R ise-Fa l l  w a s ,  h o w e v e r ,  even  g rea te r  for the 

s t imu l i  t r a n s i t i o n s .  conta in ing ident ica l  H o w e v e r ,  fo r  the 

Average-Frequency s t imu l i ,  no  s i gn i f i can t  d i f f e r e n c e  was found 

between the two  mapping cond i t i ons .  Thus,  on the  one hand,  the 

advan tage  o f  Mirror-Image over  Rise-Fal l  mapping c a n  b e  made more 

pronounced b y  ad jus t i ng  the f requency t r ans i t i ons  t o  b e  ident ica l  

whereas the d i f fe rence can  be at tenuated 

h a v e  the 

subs tan t ia l l y  b y  

ad jus t i ng  a l l  st imul i  t o  same ave rage  frequency 

i r r e s p e c t i v e  o f  the temporal and spec t r a l  p roper t ies  o f  the 

p a t t e r n s .  

Conc lus ions  

Mirror-Image acous t i c  pa t te rns  show an advantage in 

perceptua l  learning because s u b j e c t s  respond no t  on ly  to  

ind iv idua l  components o f  these pa t t e rns  but a lso  t o  proper t ies  o f  

the entire pat tern in terms o f  i t s  conf igural  shape. Subjects do 

not  seem to  a t tend se lec t i ve l y  t o  on ly  the g ross  shape o f  the 

spectrum a t  onset or o f f s e t  but prefer  instead to integrate and 

deploy sa l ien t  cues  conta ined in bo th  the t rans i t i ona l  and 
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Steady-s ta te  por t ion  o f  the e n t i r e  p a t t e r n s .  In the  c a s e  o f  

Mirror—Image pa t te rns ,  c r i t e r i a l  d i f fe rences  between the 

responses happen also to b e  corre lated with sa l ient  and 

well-defined redundant proper t ies o f  the pat terns such as average 

pitch which was an i r re levan t  and uncorre lated dimension when the 

patterns were arranged in the Rise—Fal l  mapping condi t ion.  

I t  i s  apparen t  f rom these resu l t s  wi th  nonSpeech s i g n a l s  

having p rope r t i es  s imi lar  to  Speech t ha t  d i f f e r e n c e s  i n  "mode o f  

processing" can also contro l  perceptual se lec t i v i t y  and in f luence 

the pe rcep t ion  o f  i nd iv idua l  components o f  the st imulus p a t t e r n  

as wel l  as  the en t i r e  p a t t e r n  i t s e l f .  

on  whether the s u b j e c t ' s  a t t e n t i o n  i s  

This can  occur  i n  qu i te  

d i f fe ren t  depending 

di rec ted to  cod ing  the 

qual i t ies  o f  the 
. 

pat terns  h a v e  been ob ta ined in a perceptua l  learn ing t a s k  d e s p i t e  

o f  these acous t i c  

ways 

aud i t o r y  p r o p e r t i e s  or  the phonet ic  

p a t t e r n s .  These n e w  r e s u l t s  o n  m i r ro r—image  

the repor t  t ha t  the perceptual  s im i l a r i t y  

p a t t e r n s  cannot  b e  recogn ized  consc ious ly  b y  s u b j e c t s  a s  shown b y  

ear l ier  expe r imen ts .  

R e f e r e n c e s  

K l a t t ,  D.H. and S . R .  Shattuck ( 1 9 7 5 ) :  "Perception o f  b r i e f  

' s t imu l i  tha t  resemble rap id  formant t ran81 t ions , '  In G .  

Fant and M . A . A .  Tatham ( e d s . ) : A u d i t o r y  gna1y31s and 

Percep t ion  o f  Speech.  New Y o r k :  Academic P r e s s ,  

29H—301. 

Kewle -Port D .  ( 1 9 7 6 ) :  " A  complex-tone generat ing 

p ï o g r a m î "  R e s e a r c h  on Speech Pe rcep t ion  P r o g r e s s  R e p o r t  

N o .  3 Depar tment  o f  Psycho logy ,  Ind iana U n i v e r 5 1 t y ,  

Bloomington, Indiana. 

Shattuck, S . R .  and D.  K la t t  ( 1 9 7 6 ) :  "The perceptual  

s im i la r i t y  o f  mi r ror - image acoust ic  pa t te rns  i n  

speech , "  Percep t ion  and PsychOphys i cs ,  20, HTO-MTH. 


