
The Effects of Electronic and Other External 
Control Methods on Stuttering: A Review of 

Some Research Techniques and Suggestions for 
Further Research 

By JOHN W F. BOHR, B.A. Honores (Pret.) Sen ior R e s e a r c h Officer,  Na t i ona l In s t i t u t e for 
Pe r sona l Resea rch , S o u t h Afr ican  Counci l for 

Scientif ic  and Indus t r ia l Resea rch , J o h a n n e s b u r g . 

INTRODUCTION 
Dur ing t h e cour se of  a ser ies of  s tud ies 

a imed a t d e t e r m i n i n g t h e r e l a t i onsh ip be-
t w e e n p e r f o r m a n c e  u n d e r cond i t ions of  de-
layed a u d i t o r y feedback  (DAF) and perfor-
m a n c e on t h r e e o t h e r t e s t s (visual and audi-
t o r y r eac t i on t imes and t h e S t r o o p Reading 
Tes t ) , t h e a u t h o r ' s i n t e re s t w a s a roused in 
t h e e x p e r i m e n t a l w o r k of  Cher ry , S a y e r s 
and M a r l u n d (5), on t h e inhibi t ion of  s tu t -
t e r ing b y m e a n s of  ex t e rna l con t ro l . 

T h e a u t h o r ' s e x p e r i m e n t a l w o r k in t h e 
field  of  D A F a m o n g 126 Eng l i sh - speak ing 
S o u t h Afr ican  un ive r s i ty s t u d e n t s , all of 
w h o m w e r e n o r m a l speake r s , ind ica ted t h a t 
t h o s e s t u d e n t s w i t h a former  h i s t o r y of  s tu t -
t e r ing typ ica l ly s h o w e d a sma l l e r d iscrep-
a n c y in r ead ing t imes t h a n o t h e r s w i t h o u t 
such h i s to ry , w h e n pe r fo rmance  u n d e r t w o 
cond i t ions w e r e compared , viz . r ead ing i). 
w i t h i m m e d i a t e and ii). w i t h de layed audi-
t o r y feedback. 

In n o r m a l speech t h e s u b j e c t c o n s t a n t l y 
m o n i t o r s his s p e e c h b y pe rcep t ion of  his out -
p u t t h r o u g h b o t h e x t e r o c e p t i v e and propr io-
cep t ive cues . D A F br ings a b o u t a d i s rup t ive 
effect  on t h e former,  and m a s k s t h e t i ssue-
bo rne a u d i t o r y cues to t h e hea r i ng m e c h a -
nism, w i t h o u t affecting  t h e r e m a i n d e r of 
p rop r iocep t ive cues . It m a y be t h o u g h t t h a t 
t h e fu r the r  d iminu t ion of  p rop r iocep t ive 
cues w o u l d m a k e c o h e r e n t s p e e c h impos-
sible, b u t th i s is no t t h e case , as h a s been 
d e m o n s t r a t e d b y Ladefoged  (9). He exc luded 
e x t e r o c e p t i v e speech m o n i t o r i n g by m e a n s 
of  a loud m a s k i n g noise in e a r p h o n e s w o r n 
by t h e sub j ec t , w h o s e p e r c e p t i o n of  t i ssue-
bo rne a c o u s t i c cues w a s also m a s k e d b y t h e 
loud noise in t h e ea rphones . In an a t t e m p t 
to d imin ish o t h e r p rop r iocep t ive cues to t h e 
sub jec t , Ladefoged  had h im s u c k ame tho -
coca ine t ab le t s , w h i c h p r o d u c e d local anaes -
t he t i z a t i on of  t h e surface  of  t h e lips, t o n g u e 
and m o u t h in te r ior . Even u n d e r t h e s e con-
di t ions of  cons ide rab le d iminu t ion of  b o t h 

e x t e r o c e p t i v e and p rop r iocep t ive cues , t h e 
s u b j e c t w a s able t o p r o d u c e intel l igible 
speech . P robab ly t h e s u b j e c t w a s still able 
to pe rce ive a l imited n u m b e r of  r educed pro-
p r iocep t ive cues conce rn ing musc l e s t r e t c h 
in t h o s e a r eas of  t h e lips, t o n g u e and l a r y n x 
unaffected  b y t h e a m e t h o c o c a i n e . 

2. DELAYED AUDITORY FEEDBACK 
(DAF) 
W h e n a s p e a k e r is s u b j e c t e d to D A F he 

h e a r s his r eco rded voice a f ract ion  of  a sec-
ond ( a b o u t 180 mi l l i seconds) after  u t t e r a n c e , 
t h r o u g h a h e a d s e t or e a r p h o n e s . T h e s y s t e m 
is so a r r a n g e d t h a t t h e de layed feedback  is 
a t a level h igh e n o u g h to m a s k t h e t i ssue-
b o r n e aud i t o ry cues to t h e hea r ing m e c h a -
nism. T h u s t h e a u d i t o r y mon i to r ing of 
s p e e c h is d i s rup ted , a l t h o u g h p ropr iocep t ive 
cues r ema in unaffected.  W i t h m o s t s u b j e c t s 
th is d i s rup t ion of  n o r m a l aud i t o ry speech 
m o n i t o r i n g p r o d u c e s v e r y m a r k e d c h a n g e s 
in speech . Lee, w h o pub l i shed t h e first  p a p e r 
on D A F (10), refers  t o t h e s e effects  as 
" s t a r t l i n g " and says of  DAF: " . . . it will 
c a u s e t h e p e r s o n to s t u t t e r , s l ow d o w n whi le 
ra i s ing his voice in p i t ch and vo lume , o r s t op 
comple t e ly " . W o r k i n g in t h e s a m e field 
s i m u l t a n e o u s l y w i th Lee, b u t i n d e p e n d e n t l y 
of  h im, Black r e p o r t e d (1) t h a t DAF: " . . . 
m a y p r o d u c e n e a r t r a u m a t i c effects  t h a t in-
c lude t h e b locking of  speech , facial  con to r -
t ions , t h e p ro longa t ion and s lur r ing of 
sounds , and r epe t i t i ons of  s o u n d s and syl-
lab les . " Black s t a t e s t h a t t h e d i s rup t ive ef-
feet  of  D A F is m o s t m a r k e d w h e n t h e de lay 
t ime of  D A F is b e t w e e n 180 and 220 milli-
seconds , w h i c h a p p r o x i m a t e s t h e m e a n syl-
lable du ra t i on for  a v e r a g e speake r s . 

A p p a r a t u s for  p r o d u c i n g D A F h a s been 
descr ibed by Black (1 and 2), Bohr (3 and 4), 
F a i r b a n k s and J a e g e r (6), H a n l e y and 
Tiffany  (7), M a r p l e and Morr i l l (12), and 
Tiffany,  Han ley and S u t h e r l a n d (14). 
Typica l ly , a modified  m a g n e t i c t a p e r e c o r d e r 
is u sed . T h e r e c o r d e r is fi t ted  w i t h t w o 
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h e a d s (one for  r ecord ing and t h e o t h e r for 
s i m u l t a n e o u s p l ayback of  t h e r ecorded sig-
nal) and t h e o u t p u t from  t h e p l a y b a c k h e a d 
is fed  in to an addi t iona l p l a y b a c k ampli-
fier.  T h e s u b j e c t h e a r s t h e o u t p u t from  t h e 
p l a y b a c k head , su i t ab ly amplified  by t h e 
p l ayback amplifier,  t h r o u g h e a r p h o n e s o r a 
headse t . T h e deg ree of  de lay in t h e s y s t e m is 
d e p e n d e n t u p o n a n u m b e r of  factors ,  viz. 
phys ica l s e p a r a t i o n b e t w e e n record ing and 
p l a y b a c k heads , speed of  t a p e t r a n s p o r t , and 
t h e e x i s t e n c e o r o t h e r w i s e of  dev ices for 
l eng then ing t h e t a p e loop b e t w e e n the re-
cord ing and p l ayback heads . 

T h e s y s t e m devised by t h e a u t h o r is illu-
s t r a t e d in F igures 1 and 2. In F igure 1 t h e 
modified  t a p e r eco rde r a p p e a r s in t h e cen t r e 
w i t h t h e p l a y b a c k amplifier  on t h e r ight . The 
h e a d s e t s h o w n is p a r t of  a l a b o r a t o r y - t y p e 

aud iome te r ; for  field  use t h e a u t h o r e m p l o y s 
e i t he r a se t of  e a r p h o n e s o r a specia l ly con-
s t r u c t e d p o r t a b l e h e a d s e t con ta in ing t w o 
inve r t ed -cone l oudspeake r s . In F igure 2 t h e 
t w o h e a d s can be seen in t h e lower cen t re . 
T h e va r i ab le loop con t ro l l e r is s h o w n c e n t r e d 
b e t w e e n t h e t w o reels , whi le t h e se t of  in ter -
c h a n g e a b l e c a p s t a n s a r e d i sp layed a b o v e t h e 
lef t -hand  t a p e reel. By m e a n s of  t h e in ter -
c h a n g e a b l e c a p s t a n s , w h i c h cont ro l t h e 
speed of  t ape t r a n s p o r t , and t h e va r i ab le 
loop cont ro l le r it is poss ib le to ob ta in de l ay 
t imes r ang ing from  122 mi l l i seconds to 897 
mi l l i seconds . T h e phys ica l s epa ra t ion be-
t w e e n t h e t w o h e a d s is such t h a t a de lay 
t ime of  183 mi l l i seconds is ob ta ined w h e n 
t h e t a p e is t h r e a d e d s t r a igh t t h r o u g h be-
t w e e n h e a d s and t h e speed of  t a p e t r a n s p o r t 
is 1 \ inches pe r second . 

Fig. 1 DAF System devised by author 

1 JOURNAL OF THE SOUTH AFRICAN LOGOPEDIC SOCIETY 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



Fig. 2 Modified tape recorder for DAF 

3. SOME SOUTH AFRICAN RESULTS 
FROM DAF EXPERIMENTS 

Using t h e a p p a r a t u s desc r ibed above , 126 
Eng l i sh - speak ing second-yea r s t u d e n t s wi th-
ou t c u r r e n t s p e e c h defects  w e r e t e s t ed a t t h e 
Univers i t i e s of  Cape T o w n , Rhodes and 
Na t a l ( P i e t e r m a r i t z b u r g and D u r b a n ) . Each 
sub j ec t w a s requ i red to read t h e GRAND-
F A T H E R p a s s a g e tw ice in success ion . (This 
p a s s a g e b y V a n 'Riper (15) con t a in s all 
Engl ish speech sounds) . For each read ing the 
sub j ec t w o r e a po r t ab l e headse t . Dur ing t h e 
first  r ead ing he hea rd his vo ice w i th d i rec t 
( immedia te ) feedback  t h r o u g h t h e headse t , 
and du r ing t h e second read ing he heard, his 
voice t h r o u g h t h e h e a d s e t w i th a de l ay t ime 
of  183 mi l l i seconds . T h e resu l t s of  th i s t e s t 
ser ies a p p e a r in Tab le 1. 

T h e s e r e su l t s revea l t h a t D A F p r o d u c e s 
a m a r k e d reduc t ion in r ead ing speed for  b o t h 
ma le and female  sub jec t s . W h e n t h e m e a n s 
on ly a r e cons idered , t h e r e is a c loser ra t io 

-be tween t h e t w o read ing t imes for  m a l e s 
t h a n for  females .  H o w e v e r , t h e r e is a g r e a t e r 
r a n g e over wh ich ma le pe r fo rmances  v a r y 
b o t h w i th d i rec t and de layed aud i to ry feed-
back , as s h o w n b y t h e l a rger s t a n d a r d devi-
a t i ons for  t h e male s a m p l e unde r b o t h ' 
r ead ing condi t ions . One of  t h e female  sub-
j ec t s r epo r t ed hav ing a slight s t u t t e r a t an 
ear l ier age. Her r ead ing t i m e s w e r e 50 and 
100 s e c o n d s for  d i rec t and de layed aud i t o ry 
feedback  respec t ive ly , g iv ing a ra t io of  .50 
b e t w e e n t h e t w o ' pe r fo rmances ,  well below 
t h e m e a n s of  b o t h female  and male , g roups . 
In t h e ma le s amp le t h e r e w e r e five  s u b j e c t s 
w i th an ear l ier s t u t t e r i n g h i s to ry . The i r per-
fo rmances  are l isted in Tab le 2. 
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TABLE 1. READING TIMES IN SECONDS - GRANDFATHER PASSAGE 

Direct 
Feedback DAF 

„ ,. Direct Feedback 
Ratio: DAF 

1. Males Mean 45.6* 61.8* .74 

n = 58 Standard deviation 6.3* 16.1* — 

2. Females Mean 45.9* 65.1* .71 

n = 68 Standard deviation 5.0* 13.1* — 

* = Significant  beyond the .05% level. 

TABLE 2. READING TIMES (SECONDS), 5 MALE FORMER STUTTERERS 

Subject Direct 
feedback DAF 

„ . Direct Feedback 
Rat.o: DAF 

A 43 33 1.303 

Β 45 56 .804 

C 
I 

46 48 .958 

1 D 46 58 .793 

Ε 46 41 1.122 

Mean for 
group 

45 
sd=1.166 

47 
sd=9.325 

.957 
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If  on ly t h o s e ma le s ( n = 5 3 ) w i t h n o r epo r t ed 
s t u t t e r i n g h i s t o r y a re cons ide red the i r m e a n 
r ead ing t i m e s w i th d i rec t and de layed feed-
b a c k a re 45.623 sees . ( s d = 6 . 5 6 ) and 63.132 
sees . (sd = 15.883) respec t ive ly . A n F and 
t - t e s t on t h e r e su l t s of  n o n - s t u t t e r e r s and 
former  s t u t t e r e r s revea led a v e r y signif icant 
difference  (.001 ρ .0005) in t h e s t a n d a r d 
dev ia t ions of  t h e g r o u p s w i t h d i rec t feed-
back , b u t n o significant  difference  b e t w e e n 
the m e a n s . U n d e r DAF, t h e s t a n d a r d devi-
a t ions of  t h e g r o u p s do no t differ  signifi-
can t ly , b u t t h e r e is a s ignif icant  difference 
b e t w e e n t h e m e a n s (.025 ρ .01). In effect 
the 5 former  s t u t t e r e r s a re less affected  in 
r ead ing t ime u n d e r D A F t h a n t h e 53 non-
s tu t t e r e r s . A l t h o u g h t h e smal l s a m p l e s ize 
of  former  s t u t t e r e r s p rec ludes a n y final  con-
clusion, the a u t h o r t en t a t i ve ly infers  t h a t t h e 
r ecovered s t u t t e r e r m a y h a v e deve loped a 
t echn ique w h e r e b y he t e n d s to ignore audi-
to ry feedback  cues and to re ly m o r e heavi ly 
on p rop r iocep t ive cues for  s p e e c h moni to-
r ing. 

If  th i s h y p o t h e s i s holds , it p r e s e n t s t h e 
poss ibi l i ty of  ut i l iz ing D A F as a p rognos t i c 
m e a s u r e d u r i n g speech t h e r a p y . T h o s e sub-
jec ts s h o w i n g t h e smal les t d i s c r e p a n c y in 
r ead ing t imes u n d e r d i rec t and de layed audi-
to ry feedback  could be e x p e c t e d to benefi t 
m o s t f rom  speech t he r apy , and v ice versa. 
Al te rna t ive ly D A F could b e e m p l o y e d as an 
ind ica to r of  t h e p rog res s of  t h e s t u t t e r e r 
du r ing s p e e c h t h e r a p y . It shou ld be e m p h a -
sized t h a t t h e s e sugges t ions a re p u t forward 
t e n t a t i v e l y . a t th is s tage, and shou ld be con-
s idered as sugges t i ons for  fu r the r  r e sea rch , 
w h i c h will ind ica te w h e t h e r t h e y a r e w a r r a n -
ted. 

A fur ther  sugges t i on e m a n a t i n g from  these 
p re l imina ry f indings  is t h e cons ide ra t i on b y 
speech t h e r a p i s t s of  emphas i z ing , du r ing 
the rapy , t h a t s u b j e c t s should a t t e m p t to re ly 
m o r e heav i ly d u r i n g speech o n propr io-
cep t ive cues and a t t e m p t to ignore t h e audi-
t o r y speech cues , w h i c h in t h e ca se of  s tu t -
t e r e r s a c tua l l y h a m p e r speech and t end to 
m e d i a t e s t u t t e r i ng , as s h o w n b y t h e w o r k 
of  Cher ry , S a y e r s and M a r l u n d (5). 

5. AN EXPERIMENT USING EXTERNAL 
CONTROL FOR STAMMERING 

A n u m b e r of  forms  of  ex t e rna l con t ro l 
to d i s t r a c t the s t u t t e r e r f rom  t h e a u d i t o r y 
cues in his o w n voice h a v e b e e n p roposed 
b y Cher ry , Saye r s and M a r l u n d (5) for  ex-
p e r i m e n t a l and cl inical u s e w i th s t u t t e r e r s . 
T h e s e inc lude speech shadowing , s imul-
t a n e o u s r ead ing from  t h e s a m e text , o r from 
different  t ex t s , g ibber ish , whi spe r ing , re-
ve r sed speech , DAF, w h i t e noise mask ing , 
low-p i tch mask ing , etc. , all of  wh ich t end to 
p r o d u c e improved s p e e c h p r o d u c t i o n b y 
s t u t t e r e r s in rou t ine r ead ing . 

Before  deal ing w i t h h i s e x p e r i m e n t s in 
e x t e r n a l con t ro l w i th a s t u t t e r e r , t h e a u t h o r 
w i s h e s to p r e s e n t a brief  r ecap i tu l a t ion of 
e ach of  t h e s e t echn iques : 

a. Speech shadowing. T h e e x p e r i m e n t e r 
r e a d s a loud or s p e a k s extempore, and t h e 
s u b j e c t a t t e m p t s to c o p y th i s speech pa t -
t e r n a loud, b u t does not see the text 
( w h e n used) . 

b. S imultaneous reading. T h e e x p e r i m e n t e r 
r e a d s a loud, whi le t h e s u b j e c t a lso r e a d s 
a loud from  the s a m e tex t . 

c. U s e of  different  texts . Both e x p e r i m e n t e r 
and sub j ec t r ead a loud from  different 
t e x t s . 

d. Gibberish. E x p e r i m e n t e r and sub j ec t s t a r t 
r e ad ing a loud from  s a m e t ex t ; wh i l e t e s t 
is u n d e r w a y e x p e r i m e n t e r c h a n g e s wi th -
o u t w a r n i n g in to m e a n i n g l e s s s o u n d s 
(gibber ish) . 

e. Whispering. T h e e x p e r i m e n t e r r e a d s 
a loud , whi le the s u b j e c t r e a d s t h e s a m e 
p a s s a g e in a wh i spe r . 

f.  Reversed speech. T h e s u b j e c t r eads a loud, 
wh i l e a r eve rsed speech record ing is 
p l ayed b a c k to h im t h r o u g h e a r p h o n e s 
from  a g r a m a p h o n e r eco rd o r t a p e 
record ing . 

g. DAF. T h e sub j ec t r e a d s , a loud, his vo ice 
be ing r ecorded on m a g n e t i c t ape and 
p layed b a c k to h im t h r o u g h a h e a d s e t a 
f ract ion  of  a second af ter  t h e u t t e r a n c e 
of  e ach sound . 

h. Whi te noise masking. T h e sub j ec t r e a d s 
a loud, whi le a b r o a d b a n d of  noise even ly 
d i s t r ibu ted t h r o u g h o u t t h e audio spec-
t r u m , and e lec t ron ica l ly g e n e r a t e d , is fed 
in to t h e h e a d s e t he is w e a r i n g . 
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i. Low-pitch masking. T h e s u b j e c t r e a d s 
a loud, wh i l e a s ine w a v e of  a b o u t 140 
cyc les p e r second (cps) is fed  in to t h e 
h e a d s e t h e is wea r ing . 

All t h e a b o v e forms  of  e x t e r n a l con t ro l 
c a n h a v e t h e effect  of  improv ing t h e read ing 
of  s t u t t e r e r s . It c a n be seen t h a t t h o s e forms 
l isted from  a. to e. a b o v e c a n b e appl ied 
w i t h o u t a n y e lec t ron ic devices , w h i l s t t h o s e 
l is ted from  f.  to i. r equ i re s o m e w h a t e labo-
r a t e a p p a r a t u s . 

C h e r r y et.al. h a v e d e m o n s t r a t e d t h a t 
w h i t e no ise m a s k i n g c a n p r o d u c e a differen-
tial effect  on t h e inhib i t ion of  s tu t t e r ing , 
d e p e n d i n g o n t h e po r t ion of  t h e aud io spec-
t r u m r e a c h i n g t h e sub jec t : W h e n t h e w h i t e 
noise is suppl ied to the s u b j e c t t h r o u g h a 
low p a s s filter  w h i c h p a s s e s all audib le 
noise be low 500 cps, t h e m e a n r educ t i on in 
b r e a k d o w n ( s tu t t e r ing) t ime is 9 5 % , p lus o r 
m i n u s 5 % . W h e n t h e w h i t e noise is suppl ied 
t o t h e s u b j e c t t h r o u g h a h igh pa s s filter 
w h i c h p a s s e s audible noise above 500 cps , 
t h e m e a n r educ t ion in b r e a k d o w n (s tu t -
te r ing) t ime is on ly 3 5 % . p lus o r m i n u s 3 7 % . 
T h u s w h i t e no ise b e l o w 500 cps p r o d u c e s a 
g r e a t e r i m p r o v e m e n t in s p e e c h p r o d u c t i o n 
t h a n t h a t a b o v e 500 cps . 

m e t r o n o m e t e c h n i q u e of  u n o b t r u s i v e l y 
a c c e n t u a t i n g speech r h y t h m w h e r e b y h e c a n 
r e d u c e his s t u t t e r u n d e r n o r m a l c i rcum-
s t ances . W h e n exc i ted , h e omi t s the m e t r o -
n o m e h a n d s ignals and s t u t t e r s m o r e t h a n 
usua l . H e u n d e r w e n t t h e e x p e r i m e n t a l ser ies 
o n t h e c lea r ly - s ta ted u n d e r s t a n d i n g t h a t he 
w a s pa r t i c ipa t ing in t h e rep l ica t ion of  a 
ser ies of  e x p e r i m e n t s or ig inal ly per formed 
in London , and w a s no t u n d e r g o i n g a form 
of  t h e r a p y . 

T h r e e read ing p a s s a g e s w e r e used in th is 
ser ies : a r andomly - se l ec t ed p a s s a g e from  a 
per iodica l and t w o s t a n d a r d read ing pas sa -
ges, e ach con ta in ing all t h e speech s o u n d s 
in Engl i sh . T h e t w o s t a n d a r d p a s s a g e s w e r e 
V a n Riper ' s G R A N D F A T H E R p a s s a g e (16) 
and A R T H U R T H E Y O U N G RAT, b y 
J o h n s o n , Brown , Cur t i s , E d n e y and K e a s t e r 
(8). 

T h r o u g h o u t t h e ser ies of  t e s t s the sub-
jec t w o r e a po r t ab l e h e a d s e t , t h r o u g h w h i c h 
h e rece ived all i n s t r u c t i o n s and ex t e rna l con-
t ro l s ignals . This p r o c e d u r e w a s fol lowed  so 
t h a t t h e w e a r i n g of  t h e h e a d s e t did n o t in 
itself  c o n s t i t u t e an e x p e r i m e n t a l var iab le . 

T h e r e su l t s of  th is e x p e r i m e n t a l ser ies are 
p r e s e n t e d in Tab le 3. 

TABLE 3. READING TIMES (SECONDS) WITH AND WITHOUT EXTERNAL CONTROLS 
Test 

Sequence 
Reading 
Passage Circumstances of  Test 

Reading 
Time 

1. Grandfather  Subject reads without external control 200 

2. Speech shadowing 63 
3. Simultaneous reading with experimenter 50 

Subject whispers. Experimenter reads aloud 45 
Delayed auditory feedback  (DAF) 55 

6. Immediate auditory feedback 55 
9. White noise masking at 110 db 60 

10. 
11. 

White noise masking at 117 db 
Low pitch (140 cps) masking at 97 db~ 

48 
51 

8. Arthur the 
Young Rat 

Subject reads without external control 96 

12. Low-pitch (140 cps) masking at 97 db 49 
13. Low-pitch (140 cps)masking at 97 db switched rapidly on and off 
15. Subject reads without external control 

54 
1 0 8 

7. From a 
periodical 

Subject reads without external control 200 

14. Subject reads without external control 155 

T h e a u t h o r rep l ica ted s o m e of  t h e exper i -
m e n t s i n , e x t e r n a l con t ro l w i t h a m a l e s tu -
den t , agetf  20 yea r s . Norma l ly t h e sub j ec t 
h a s no difficulty  in speak ing in t h e p r e s e n c e 
of  a v e r y y o u n g child or a p e t an imal , and 
h e c a n s ing or c h e e r in a g roup . W h e n in t h e 
c o m p a n y of  his pee r s o r super io r s , h o w e v e r , 
h e s t u t t e r s severe ly . H e h a s deve loped a 

T h e r e su l t s s h o w ce r t a in anomal ies . F i rs t -
ly t h e r e is a c lear ind ica t ion t h a t e x t e r n a l 
con t ro l w a s assoc ia ted w i t h improved read-
ing. Th i s c a n b e s een from  t h e first  se r ies 
(i.e. T e s t s 2, 3, 4, 5, 9, 10 and 11) as we l l as 
f rom  t h e second ser ies (Tes t s 12 and 13). 
Second ly read ing p e r f o r m a n c e  also improved 
when no external control was applied (Tests 
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6 and 14). Th i rd ly it a p p e a r s a s if  t h e r e is a 
sequen t i a l i m p r o v e m e n t in r ead ing du r ing 
t h e c o u r s e of  t h e t e s t ser ies , a s is c lea r ly de-
m o n s t r a t e d w h e n the th i rd ser ies is exam-
ined. In T e s t s 7 and 14 no e x t e r n a l con t ro l 
w a s appl ied, b u t the pe r fo rmance  on Tes t 
14 w a s a cons ide rab le i m p r o v e m e n t on t h a t 
of  Tes t 7. H o w e v e r , th i s s equen t i a l improve-
m e n t does no t hold cons i s t en t ly for  t h e first 
ser ies (Tes t s 1, 2, 3, 4, 5, 6, 9, 10 and 11) o r 
for  t h e second ser ies (Tes t s 8, 12, 13 and 15), 
In fact  t h e p o o r e s t pe r fo rmance  sequent i -
al ly w a s on t e s t 15, w h e n c o m p a r e d wi th 
T e s t 8. I t cou ld b e a rgued t h a t fat igue  se t in 
a t T e s t 15, as a s u d d e n s t ep funct ion,  as 
Tes t 14 i m m e d i a t e l y p r eced ing it r e p r e s e n t e d 
a 2 2 % r e d u c t i o n in r ead ing t ime ove r Tes t 7. 

To s u m u p t h e r e su l t s of  t h i s ser ies of 
e x p e r i m e n t s , it m a y be s t a t ed v e r y t e n t a t -
ively t h a t t h e r e a p p e a r s to be a t r e n d for 
improved r ead ing to be a s soc i a t ed w i th ex-
t e rna l con t ro l . T h e s e e x p e r i m e n t s ce r t a in ly 
do not w a r r a n t t h e conc lus ion t h a t ex te rna l 
con t ro l per se r educes s t u t t e r i ng . It is ap-
p a r e n t t h a t cons ide rab le fur ther  r e sea rch , 
us ing a l a rger s a m p l e as wel l as con t ro l and 
expe r imen ta l condi t ions a l t e rna te ly , is re-
quired - a field  in w h i c h speech t h e r a p i s t s 
could p l ay a n i m p o r t a n t pa r t . 

6. EXTERNAL CONTROL AND 
STUTTERING 

Resu l t s r e p o r t e d b y Cher ry , S a y e r s and 
Mar lund (5) and McLaren (11) ind ica te t h a t 
cons ide rab le succes s h a s a l r e a d y been 
ach ieved w h e n ex te rna l con t ro l is used in 
c o n j u n c t i o n w i t h o t h e r t e c h n i q u e s in t h e 
t r e a t m e n t of  s t u t t e r e r s . M c L a r e n (11) 
e m p h a s i z e s t h a t no one t e c h n i q u e can b e t h e 
ideal a p p r o a c h to t h e p rob lem, a s s t u t t e r i n g 
is an infinitely  c o m p l e x p h e n o m e n o n , involv-
ing speech in t h e a c t of  c o m m u n i c a t i o n and 
is i n t ima t e ly a s soc i a t ed w i th h u m a n re la t ion-
ships . Over a per iod of  3 y e a r s ex t e rna l con-
trol h a s b e e n used a t St. M a r y ' s Hospi ta l , 
London , to bui ld u p a d y n a m i c t echn ique , 
a d a p t a b l e t o all age s and t y p e s of  s t u t t e r e r s . 
M a c L a r e n (11, p . 460) s t a t e s : 

" T h e y o u n g pa t i en t - p rov ided t h a t en-
v i r o n m e n t a l s t r e s ses c a n be re l ieved -
r e s p o n d s wel l t o d i rec t a u d i t o r y re t ra in-
ing. 

" W i t h t h e older p a t i e n t t h e anx i e ty 
a t t a c h e d to t h e s p e e c h s i tua t ion often 
s p r e a d s its t e n t a c l e s t h r o u g h t h e w h o l e 
p a t t e r n of  life.  It wou ld be a b s u r d to 
e x p e c t t h a t a u d i t o r y r e t r a in ing a lone 
could b r ing a n y rea l relief  to such 
p a t i e n t s . But he re ou r t e chn ique h a s 
been found  to b e of  g r e a t va lue , for  it 
no t on ly se rves to s t r e n g t h e n and rein-
force  t h e m e m o r y of  no rma l i t y b u t it c a n 
b e used as an i n s t r u m e n t b y which , in 
a v e r y p rac t i ca l w a y , t h e s t a m m e r e r can 
be b r o u g h t to real ise in ac tua l exper i -
ence t h e n a t u r e of  his difficulties  and 
t h e pr inc ip les w h i c h m u s t b e followed 
if  he is t o free  himself  from  t h e m . " 

T h e re la t ionsh ip b e t w e e n s t u t t e r i n g and 
e x t e r n a l cont ro l a w a i t s full  e luc ida t ion . 
M e a n w h i l e t h e h y p o t h e s i s p r o p o s e d b y 
Cher ry , Saye r s and M a r l u n d (5) h a s m u c h to 
c o m m e n d it. A s t h e y see it, s t u t t e r i n g is 
ma in ly m e d i a t e d b y t h e s u b j e c t ' s a b n o r m a l 
p e r c e p t i o n of  t h e low- f requency  c o m p o n e n t s 
of  his o w n voice, pa r t i cu l a r ly t h e b o n e and 
t i s sue -conduc t ed l a r y n x tones . T h e y do no t 
s u g g e s t t h a t th is a b n o r m a l pe rcep t ion is a 
cause of  s tu t t e r ing . T h e role of  ex t e rna l con-
trol is t h e n t o d iminish t h e s t u t t e r e r ' s a w a r e -
ne s s of  t h e low-f requency  l a ryngea l s t imul i 
b y m e a n s of  mask ing . If  t h e s t u t t e r e r ' s 
bas i l a r m e m b r a n e s a re b r o u g h t in to v ibra-
t ion b y m e a n s of  a loud t o n e in t h e region of 
140 cps, all o t h e r h ea r i n g s t imul i a re m a s k e d 
wi th t h e resu l t t h a t t h e p e r c e p t u a l abnor -
ma l i ty is effectively  b locked and s t u t t e r i n g 
is d imin ished . 

7. SUGGESTED FURTHER RESEARCH 
ON EXTERNAL CONTROL 

On t h e bas i s of  t h e w o r k a l r eady d o n e in 
Bri ta in b y Cher ry , Saye r s and M a r l u n d and 
t h e s o m e w h a t inconc lus ive r e su l t s from 
S o u t h Afr ican  rep l ica t ion of  s o m e of  the i r 
t e c h n i q u e s of  ex t e rna l con t ro l , t he a u t h o r / 
cons ide r s t h a t e x h a u s t i v e r e sea r ch in th i s 
field  p r o m i s e s wel l for  t h e d e v e l o p m e n t of 
p rac t i ca l t e chn iques for  t h e a l levia t ion of 
s t u t t e r i ng . 

T h e a u t h o r posed t h e p r o b l e m of  des ign-
ing a small , p o r t a b l e t r a n s i s t o r osci l la tor 
c apab l e of  p roduc ing a s t ab le w a v e form  in 
t h e v ic in i ty of  140 cps to t h e Acous t i c Re-
sea r ch L a b o r a t o r y of  t h e Counci l for  Scien-
tific  a n d Indus t r i a l Resea rch . Dr. J . F. Burge r 
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des igned and c o n s t r u c t e d a p r o t o t y p e mul t i -
v ib r a to r u s ing t w o t r a n s i s t o r s to p r o d u c e a 
ve ry s t ab le waveform,  t h e f requency  of 
w h i c h c a n b e var ied v e r y s imply b y con-
t ro l l ing t h e p o w e r supp ly vo l t age . The r ange 
of  f r equency  is from  123 to 165 cps, wh ich 
is t h o u g h t to b e wide e n o u g h to a c c o m o d a t e 

indiv idual differences  in r e s o n a n t f requency 
of  t h e bas i l a r m e m b r a n e s of  different  sub-
jec ts . F igure 3 s h o w s t h e c i rcui t d i ag ram of 
th i s mul t i -v ib ra to r , t o g e t h e r w i th t h e w a v e -
form  p r o d u c e d and de ta i l s of  c h a n g e s in 
f requenc ies  a s soc ia ted w i t h c h a n g e s in p o w e r 
supp ly vo l tage . 

F I G U R E 3 

CIRCUIT DIAGRAM, MULTI-VIBRATOR 

P O W E R S U P P L Y 
MB. T H E F R E Q U E N C Y O F THE M U L T I -
VIBRATOR V A R I E S A C C O R D I N G T O T H E 
P O W E R S U P P L Y V O L T A G E , A 3 S H O W N 
B E L O W . 

POWER SUPPLY 
f  V O L T S ) 

3 
-4 5 
6 
9 

FREQUENCY 
(CYCLES P E R SECOWD) 

165 
14-6 
I3E 
I 23 

WAVE FORM PRODUCED 

TIME 

α-b s 1-7 TIME UKJIT6 
b - c • 2Ό TIME UNITS a -C «3·τ TIME UNITS" owe COMPLETE CVCLB 
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T o da te , n o e x p e r i m e n t s w i th s t u t t e r e r s 
h a v e b e e n per fo rmed  us ing th i s mul t i -v ibra-
tor . H o w e v e r , it is sugges ted t h a t it could be 
l inked w i t h a t r ans i s t o r p o w e r amplifier, 
m i c r o p h o n e , swi t ch ing s y s t e m and ear-
p h o n e s in a smal l p o r t a b l e se t t h a t could be 
w o r n by a s t u t t e r e r over a n e x t e n d e d per iod . 

T h e p r o p o s e d s y s t e m is s h o w n in F igure 4. 
T h e ci rcui t has been so des igned t h a t out -
p u t from  e i ther t h e mu l t i -v ib ra to r or t h e 
m i c r o p h o n e can be fed  to t h e e a r p h o n e s 
af ter  amplif icat ion.  T h u s , w h e n t h e s tu t -
t e r e r is l is tening, he s w i t c h e s t h e m i c r o p h o n e 
in to and t h e mu l t i -v ib ra to r ou t of  circui t . 

FIGURE A-

BLOCK: DIAGRAM, MULTI-VIBRATOR 
MICROPHONE, AMPLIFIER SWITCHING 

M I C R O P H O N E 
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W h e n he w i s h e s to speak , he sw i t ches t h e 
m i c r o p h o n e ou t of  and t h e mu l t i -v ib ra to r in-
to t h e c i rcui t . This then p r o d u c e s t h e cha rac -
te r i s t i c squea l in the e a r p h o n e s se t t i ng his 
bas i l a r m e m b r a n e s in to v ib ra t ion and ob-
l i t e ra t ing all pe rcep t ion of  voice tones . For 
cosme t i c r e a s o n s t h e e a r p h o n e s could be of 
t h e hear ing-a id type. 

Shou ld th i s p roposed s y s t e m evoke t h e 
des i red effect  of  inhib i t ing s t u t t e r i n g 
t h r o u g h t h e m a s k i n g of  t h e s t u t t e r e r ' s per-
cep t ion of  low-f requency  c o m p o n e n t s of  his 
voice, it is fu r ther  sugges t ed t ha t t h e r a p y 
could p roceed a long t h e l ines t h e Hul l ian 
learning t h e o r y of  re in forcement ,  i m m e d i a t e 
reward , m a s s i n g of  re in forcement ,  r eac t ive 

/ inh ib i t ion and cont ro l led inhib i t ion as pro-
posed by W a l t o n and Black (15). In effect 

, t h e n t h e e x t e r n a l con t ro l w o u l d cons t i t u t e a 
' t e m p o r a r y " c r u t c h " to t h e s t u t t e r e r du r ing 

t h e p r o c e s s of  aud i to ry recond i t ion ing . 

Whi l e th i s p a p e r w a s in p r epa ra t i on , t h e 
a u t h o r ' s a t t e n t i o n w a s d r a w n to the .vork of 
P a r k e r and C h r i s t o p h e r s o n (8), of  Whi t t i ng -
h a m Hospi ta l , Nr . P res ton , Lancash i r e . Us ing 
a smal l t r a n s i s t o r t o n e p r o d u c i n g a p p a r a t u s 
wh ich t h e p a t i e n t could sw i t cn off  or o n a t 
will, w h e n des i r ing to h e a r or speak , t hey 
successfu l ly  t r e a t e d t h r e e s t u t t e r e r s , t w o of 
w h o m had rece ived no benefi t  from  conven-
t ional speech t h e r a p y . 

Final ly , t h e a u t h o r ' s a t t e n t i o n has been 
d r a w n to t h e as ye t unpub l i shed work of  Dr. 
C. D. Roode (Dept. , of  Psycho logy , Univer-
s i ty of  Po tche f s t room)  on e a r d o m i n a n c e 
and ce reb ra l speech local iza t ion, a t t h e Uni-
ve r s i ty of  O t t a w a . In t h e l ight of  th i s w o r k 
it wou ld a p p e a r t h a t r e s e a r c h in to ea r domi-
n a n c e m a y wel l be a m a j o r fac tor  in eluci-
da t i ng t h e ae t io logy and t r e a t m e n t of  speech 
defects . 

SUMMARY 
S o m e re su l t s from  S o u t h Afr ican  exper i -

m e n t s w i t h de layed aud i t o ry feedback  a r e 
p r e s e n t e d , from  w h i c h it is a p p a r e n t t h a t 
r e ad ing pe r fo rmance  of  m a l e former  s tu t -
t e r e r s differs  from,  t h a t of  m a l e s w i th no re-
p o r t e d h i s t o ry of  s tu t t e r ing . T h e Cher ry -
S a y e r s - M a r l u n d e x p e r i m e n t s in t h e field  of 
ex t e rna l con t ro l s and s t u t t e r i n g a re r ev iewed 
and s o m e r e s u l t s from  S o u t h Afr ican  repl ica-
t ion of  s o m e of  t he se e x p e r i m e n t s w i th a 

m a l e s t u t t e r e r a r e p r e sen t ed . A t r ans i s t o r 
mu l t i -v ib ra to r w i th in t e re s t ing r e sea rch and 
cl inical possibi l i t ies is descr ibed . Recen t w o r k 
in Br i ta in and C a n a d a is m e n t i o n e d and s o m e 
sugges t i ons for  fu tu re  r e sea rch a re made . 

OPSOMMING 
R e s u l t a t e van Suid-Afr ikaanse  p r o e w e op 

die gebied van v e r t r a a g d e akoes t i e se t e rug -
voe r ing w o r d aangeb ied , w a a r u i t b lyk da t 
d a a r verski l le in l ee sp re s t a s i e b e s t a a n t u s s e n 
m a n l i k e g e w e s e h a k k e l a a r s en m a n s m e t 
g e e n a a n g e m e l d e hakke l -gesk ieden i s . Die 
C h e r r y - S a y e r s - M a r l u n d p r o e w e t e n ops ig t e 
v a n e k s t e r n e k o n t r o l e s en hakke l w o r d ge-
me ld t e s a a m m e t n a v o r s i n g s g e g e w e n s ui t die 
he rha l ing v a n s o m m i g e v a n hierdie p r o e w e 
m e t 'n man l ike h a k k e l a a r in Suid-Afrika.  'n 
T r a n s i s t o r mul t i -v ib ra to r m e t i n t e r e s s a n t e 
navor s ings -en kl in iese m o o n t l i k h e d e w o r d 
b e s k r y w e . On langse w e r k in Br i t t an j e en 
K a n a d a w o r d g e n o e m en voors te l l e vir toe-
k o m s t i g e navo r s ing w o r d voorge le . 
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