
Table 4. Masking within words as a furwtion of whether the 
masked and masking phonemes occurred in identically or 

differently stressed syllables 

Different stress Same 
stress 

Masking Masking 
phoneme phoneme 
stressed unstressed 

Backward masking 50 30 17
 
Forward masking 100 o o
 
Chance 51 23 26
 

However this result was not as clear cut as in forward 
masking and did not significantly exceed chance 
expectation. 

5. Syllabic Factors 
In 96 % of the cases the masked and masking 

phonemes occurred in different syllables. This finding 
led us to examine whether syllabic position of masked 
and masking phonemes was usually similar. Since 
consonants were masked in virtually every case, four 
syllabic positions were considered: initial position, 
next to initial, final and next to final. Consider the 
single syllable word SLANT: the S occUrs in initial 
position, L in next to initial, N in next to final and T 
in final. Of course for the one syllable word CAN, 
C occurs in initial position and N in final position. 

In forward masking the syllabic position of the 
masked and masking phonemes was almost invariably 
identical (see Tabte 5). Moreover the 7 % of the cases 

Table 5. Syllabic position of the masked and masking phonemes 
analyzed as same or different for forward and backward masking 

Same Diffe­
rent 

Within words { 
Backward masking 
Forward masking 

50 
100 

50 
0 

Backward masking 72 28 
Between words 

{
Forward masking 
Chance 

86 
29 

14 
71 

in which syllabic position of the masked and masking 
phonemes differed, were different from the other in­
stances of forward masking in other ways. For example, 
the masked and masking phonemes occurred unusually 
close together in these cases as can be seen in 6 and 
7 below. 

6. sind wir rings um ihn herumgesessen --+ wir ings 

7. der Riese --+ der iese 

This suggested that there may be two distinct types of 
forward masking, this later type reflecting a low level 
refractory period similar to that studied by VINCE 
(1948) and others. We will refer to this latter class of 
masking Type I forward masking. 

For backward masking, the syllabic position of the 
masked and masking phonemes was identical less 
frequently than for forward masking but more fre­
quently than could be expected by chance (see Table 5). 

Thus syllabic position must playa role in forward 
and backward masking. 

The next question was whether phonemes in some 
syllabic positions were more frequently masked than 
in others. Since the results for forward and backward 
masking were quite similar, they were combined in 
Table 6. As can be seen there masking in next to 

Table 6. The syllabic position of masked consonants 

Initial 
conso­
nant 

Next to 
initial 

Next 
to 
final 

Final 
conso­
nant 

Within word 
Between words 
Chance 

46 
41 
50 

27 
41 
8 

9 
9 
8 

18 
10 
34 

50 

)( 

I 

40 

NATURAL SPEECH 

MASKING 
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I 
I 

I 
I 
I 

I
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10 
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SIMILARITY 

Fig.!. The frequency of masking as a function of the similarity 
of the phonemes preceding or following the masked and mask­

ing phonemes 

initial consonants occurred much more frequently 
than would be expected by chance. Here the chance 
assumption was that syllabic position of masked 
phonemes will reflect the frequency of the syllabic 
position in natural speech. This null hypothesis can 
thus be rejected. 

This finding indicates a significant difference be­
tween masking and Spoonerisms. The reversed pho­
nemes in Spoonerisms were usually situated in initial 

. syllabic position, (MACKAY, 1969) and very rarely in 
next to initial position. 

6. Word Factors 
Our question here was whether the initial position 

of words plays a significant role in the occurrence of 
between word masking. Specifically we were interested 
in whether consonants in initial syllabic position were 
masked more frequently in the first syllable of words 
than in the other syllables. The data showed that this 
was the case. The initial phoneme of words was masked 
more frequently than the initial phoneme of other 
syllables in words, and more frequently than could be 
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Table 7. The frequency of between-word masking in the initial 
syllabic position, analyzed separately for the initial and 

noninitial syllables of words 

Initial Noninitial 
syllable syllable 
of words of words 

Data: between-word masking 70 30
 
Chance , 56 44
 

phoneme was stressed than when it was unstressed 
(0.01 level, Mann-Whitney U). 

The proximity of masked and masking phonemes 
in forward and backward masking was next compared. 
However, no difference was found in the proximity of 
the masked and masking phonemes in backward and 
forward masking (using a Mann-Whitney test, for 
both within and between word masking). 

expected by chance (see Table 7). Clearly the initia,l 
position of words plays a role in masking just as it 
plays a role in the tip of the tongue· phenomenon 
(BROWN and McNEIL, 1966), and in Spoonerisms 
(MACKAY, 1969). 

50 
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Fig. 2. The proximity (in phonemes) of masked and masking 
phonemes in within-word masking' Chance is based on the 
frequency of phoneme repetition at various degrees of separa­

tion in words in natural speech 

7. Proximity of Masked and Masking Phonemes 
The question of the proximity of reversed phonemes 

is of considerable interest for one interpretation of 
masking outlined in the discussion. Only masking 
within individual words was considered in this ana­
lysis. Separation was analyzed here using the phoneme 
as the unit of analysis. That is, the number of pho­
nemes separating the masked and masking phonemes 
was counted, where immediately adjacent phonemes 
represent separation 0, one intervening phoneme 
representing separation 1 and so on. 

Chance was based on the frequency of phoneme 
repetition in the corpus of natural speech. The results 
are shown in Fig. 2. There it can be seen that masked 
and masking phonemes occurred farther apart than 
would be expected by chance. That is, fewer masked 
and masking phonemes occurred close together than 
would be expected by chance, and wide separations 
occurred with greater than chance expectancy. More­
over for backward masking the masked and masking 
phonemes occurred closer together when the masking 

8. Cross-Language Comparisons 
As a means of corroborating the preceding analysis, 

a limited corpus of masking errors was examined in 
English. This corpus (N =24) was published in 
America by H. H. BAWDEN in 1900, apparently with­
out knowledge of MERINGER'S earlier work. All of 
BAWDEN'S omissions involved repeated phonemes. 
Moreover the masked and (identical) masking phoneme 
were usually situated in the same syllabic position in 
BAWDEN'S corpus. Also similar to masking in German, 
the masked phoneme in the English corpus tended to 
occur in next to initial syllabic position as can be seen 
in 8-10. Moreover, two distinctive types of 

8. repress --+ repess 

9. histological slide --+ side. 

10. stand straight --+ sand straight 

forward masking were apparent in the English corpus. 
Instances of Type I forward masking can be clearly 
seen in examples 11 and 12 below. Moreover the 
phonemes following or preceding the masked and mask­
ing phonemes were seldom 

11. truly enormous --+ truly (y is pronounced eel 
normous 

12. less specialiZed --+ less pecialized 

identical (see Table 8), as was the case in the German 
corpus. 

Table 8. Masking in English: instances of identity o(phonemes 
immediately preceding and following the masked and masking 

phoneme 

Repeated No repeated 
phonemes phonemes 

Data 7 93
 
Chance 14 86
 

Thus, since the main factors influencing phoneme 
in German. and English were similar, we are in a 
position to argue that phoneme masking reflects 
underlying mechanisms common to all speakers, 
regardless of language spoken. 

Discussion 
RAAB (1963) argues that an inhibitory mechanism 

is necessary for explaining sensory masking. A similar 
mechanism seems necessary for explaining motor 
masking. Moreover the similarities between sensory 
and motor masking are so striking that a general 
model of sensory and motor masking may be possible. 
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However the limited goal of the present paper is to 
develop a model of masking in speech production that 
is consistent with models for explaining other types of 
errors in. speech. Consistent with this goal we will begin 
by comparing the conditions under which Spoonerisms 
(phoneme reversals) and masking occur. 

Oomparison ot Spoonerisms and Masking 
Phoneme reversals (Spoonerisms) as in 13 and 

14 may be considered the most complex error in speech 
involving temporary masking as well as anticipation 
and perseveration of speech sounds (STURTEVANT, 
1947). 

13. Sons of toil _ Tons of soil 

14. Vagabund _ Vabagund 

Thus by comparing masking and Spoonerisms we 
should be able to determine the cOhditions under 
which masking occurs alone and in combination with 
anticipation and perseveration. 

Oontextual Integration Factors 
Spoonerisms. A basic assumption in models of 

Spoonerisms is that contradictory aspects of similar 
motor programs interact in mutually inhibitory 
fashion. This inhibitory interaction is assumed to 
follow a process of contextual integration of phonemes. 
That is, for adjacent phonemes AB, A is assumed to 
be modified to fit Band B is assumed to be modified 
to fit A. The autcome of this process of integration is 
a set of contextual variants of phonemes. Thus similar 
contextual variants are assumed to interact in mutually 
inhibitory fashion. Now the crucial interaction in 
Spoonerisms is between the reversed phonemes them­
selves, which are almost invariably similar. For ex­
ample the Band G in VAGABUND are similar and 
are assumed to interact at the motor unit level in 
Fig. 3. 

Masking. These same assumptions also allow an 
explanation of certain factors in motor masking. 
Specifically it can be shown that the repeated pho­
nemes in masking are not identical but are highly 
similar. For example the p in pin is produced quite 
differently from the p in spin. The reader can readily 
demonstrate this fact for himself by saying these two 
words while holding a match in front of his lips. The 
p in pin will blowout the match while the p in spin 
will not. It would therefore be consistent to assume 
reciprocal inhibition between contextual variants of 
the same phoneme. The explanation of masking thus 
reduces to which component in these mutually in­
hibitory networks will become dominant and inhibit 
the other. This question is considered in the next 
section. A subsidiary question is why phonemes in this 
model are sometimes reversed giving a Spoonerism, 
and at other times one of the phonemes is masked. 
The answer to this question must lie in part in the 
separation of the identical phonemes. In Spoonerisms 
the identical phonemes are much closer together than 
in masking (see Table 9). Thus when similar programs 
are widely separated in the speech sequence, masking 
may occur without prior entry of the later program. 
Moreover. the conditions for prior entry are present in 
Spoonerisms but not in masking. 

5 Kybernetik, Bd. 6 

Table 9. Proximity in Spoonerisms and masking: For masking 
the proximity is measured as the degree of separation 
(in phonemes) of the masked and masking phonemes. For 
Spoonerisms proximity is the degree of separation of the 
reversed phonemes. In both cases, only within word errors are 

considered, and the data are in per cent 

Proximity Masking Spoonerisms 

0 0 0 
1 18 78 
2 18 15 
3 27 7 
4 14 0 
5 14 0 
6 9 0 
7 0 0 

SYNTACTIC INTEGRATOR 

WORD (MORPHEME) 

SCHEMA 

honelic 

I' 

PROGRAM 1 PROGRAM 2 
ntegrator 

-!- -!-
Outpul 

a 

Buffer DisplayI 

Individual Phoneme 
LevelI 

Contextual Integration 

Motor Units 

b 

Fig. 3. a An oversimplified model for explaining certain aspects 
of Spoonerisms. In the system labeled syntactic integrator, 
morphemes (words) are syntactically ordered. The internal 
schema for morphemes primes or partially activates a phonemic 
program. Phonetically similar programs are assumed to 
interact in a mutually inhibitory fashion. b Phonetic pro­
grams: Words are assumed to be displayed in phonemic form 
in a buffer system in this model. The buffer system is viewed 
as a simultaneous display system that partially activates 
phonemic units at the next level and a set of programs for 
modifying these phonemes at the contextual integration level. 
The motor units code these contextual variants of phonemes, 
and it is at this level that reciprocal inhibition between similar 
contextual variants is assumed. For example, the L's in UN­
GLAUBLICH are assumed to be highly similar and interact 
in mutually inhibitory fashion. Serial scanning of the buffer 
system is necessary for final activation of these motor units in 

this model (see Fig. 4) 
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Stress Factors 
Spoonerisms. In Spoonerisms the first of the 

reversed phonemes usually occurs in an unstressed 
syllable and the second in a stressed syllable. Prior 
entry of this stressed phoneme is explained in the 
model in Fig. 4. Three levels are assumed in the model; 

SCANNING DIRECTION 
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Boost SCANNER 
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Intensity
 

LI -;» t 
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I tzI I 
I I ' TWO PHONEMESPre-priming --I--t3 IN A WORD 
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PROGRAMkfL


A B 

PHONEME 

REVERSALIntensity 
IN MOTOR 
OUTPUT~
 B A 

L.--------------i>t 

Fig. 4. An oversimplified model for explaining the stress pre­
entry phenomenon in Spoonerisms. Three levels are assumed 
in this model: speech motor units (not shown), a preprimed 
program for words, stressed segments represented by a higher 
level of subthreshold excitation than unstressed segments; 
and a scanning mechanism of the type assumed in visual 
systems (SPERLING, 1960). The scanning mechanism sweeps 
over the motor program for words at a uniform rate in uni­
directional fashion; serially boosting the level of excitation of 
the motor program to threshold, thereby activating the cor­
responding motor units. Since the segments of the motor 
program are in proper serial order, the speech motor units will 
usually be activated in correct serial order. However at rapid 
rates of scanning (Le., when ts is short) excitation of the stressed 
segments of the motor program of a word may reach motor 
threshold sooner than a preceding unstressed segment, result­
ing in stress-dependent transpositions in the serial order of 
speech. Note that the form of the scanning mechanism is 
arbitrarily chosen, and might better be represented as a bell­
shaped normal function, and that t1 and tz represents the 
hypothetical summation times for the two phonemes and ts 
represents their temporal separation for a given rate of sanning 

the speech motor units (not shown); a preprimed or 
partially activated representation of words, with 
higher level of subthreshold excitation for stressed 
than unstressed segments; and a scanning mechanism 
of the type assumed in visual systems (SPERLING, 
1960). The scanning mechanism is assumed to sweep 
over the motor program for words at a constant rate 
and in unidirectional fashion, serially boosting the 
level of excitation of the preprimed motor program to 
threshold thereby activating the corresponding motor 
units. The motor output above threshold is not 
assumed to be all or none, so that variations in pre­
priming will become translated into a higher level of 

motor output. This model now predicts prior entry of 
a later phoneme when 

PE = t2 +ta- t1 < 0 (all other factors being equal) 

where PE stands for prior entry, t1 and t2 for the sum­
mation times for the two phonemes to reach threshold 
with scanning, and ta stands for the temporal separa­
tion of the two phonemes, for a given rate of scanning. 
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Fig. 5. An oversimplified model of forward masking (see text 
for explanation) 

Masking. We can now develop a model of stress in 
masking based on these same principles (see Fig. 5). 
Explanation of forward masking is quite simple in 
such a system. H the scanner passes the second (un­
stressed) phoneme, without boosting its excitation to 
motor threshold, that phoneme will not be produced. 
The role of the first str~ssed phoneme in this omission 
lies in inhibiting the second, increasing the activation 
necessary for boosting this second phoneme to thre­
shold. However even without this inhibitory contribu­
tion to masking, the model predicts a higher pro­
bability of omitting unstressed than stressed phonemes. 
In line with this prediction, both normals (HEFFNER, 
1963) and aphasics (see ROBERTS' pedolalia, leipolalia 
and rhythmation) tend to drop unstressed rather than 
stressed phonemes. 

Now consider the idealized model of backward 
masking in Fig. 6. The model predicts backward mask­
ing when T < d, where T represents the increment in 
excitation (as a result of scanning) over time t which 
represents the time between onset of scanning the 
first and second phonemes in the preprimed program, 
and d is the difference in prepriming of these two 
phonemes. This prediction follows from the reciprocal 



. inhibition assumption. That is, when one component 
of a reciprocal inhibitory network becomes more 
activated than the other, that component becomes 
dominant, inhibiting the other. Consequently, unless 
the first phoneme of a mutually inhibitory pair 
becomes dominant before the scanner begins to boost 
the excitation of the second, the first phoneme will not 
be produced. 

Return now to the model of Spoonerisms in Fig. 4, 
which can readily be seen as formally identical to the 
model of backward masking in Fig. 6. The difference 
in outcome in the two cases may be explained in terms 
of ta the temporal separation of the units in the pre­
primed schema for words. For Spoonerisms, tamust be 
short for prior entry of the later program. However 
when ta is somewhat longer Le. the relevant units are 
more widely separated in the motor program, masking 
without prior entry may result. However one wonders 
whether a similar rather than identical phoneme could 
act as a masking phoneme. For example in 15 below, it 
would seem justified to argue that the phoneme T is 
masked by the repeated occurrence of a similar 
phoneme D (which differs in only one distinctive 
feature). However, rigorous test of this hypothesis 
proved difficult in principle and was not carried out 
here. 

, 

15. Da droben darf --+ Da droben darf 
das Tohr. das ohr. 

Masking in Memory. Certain phenomena in the 
recall of speech suggest that the principles of motor 
masking may apply at that level as well. Consider the 
following phenomenon which MERINGER classified as 
Bahnverlegungen (roughly translated - internal 
blocks). 

"Dr. FRANKFURTER erzahlte mir, daB ihn die Leute 
oft Dr. HAMBURGER nennen. In diesem Augenblicke 
war mir sein gelaufiger Name entfallen, und ich konnte 
erst, nachdem ich etwa 50 Schritt mit ihm gegangen 
war und das bahnverlegende ,Hamburger' entschwun­
den war, mit Anstrengung auf seinen Namen kommen." 

MERINGER presents several examples of such inter­
ference phenomena, and points out the similarity in 
phonetic and syllabic structure of the interfering 
program. Now one interpretation of these internal 
blocks is as follows: 

Memories are retrieved by search routines and 
when the same routine is ambiguous, activating two 
memory programs which are basically similar, these 
programs interact in mutually inhibitory fashion. In 
the above example MERINGER'S search routine for 
retrieving FRANKFURTER'S name may have taken the 
following form: Search for a three syllable name of a 
German city. This search routine activated engrams 
for both FRANKFURTER and HAMBURGER which are 
phonetically and syllabically similar. Now assuming 
an inhibitory interaction between these similar pro­
grams would explain why he could not remember the 
one while thinking of the other. 

MERINGER'S next example is an attempt to recall 
REllffiOLD, the name of a female artist. However only 
the name RENARD came to mind (also the name of a 
famous female artist) and this phonetically similar 

name blocked the recall of the correct name. Again the 
reciprocal inhibitory assumption seems to apply. Con­
ceivably such proactive and retroactive inhibition 
known in studies of memory since MULLER and 
SCHUMANN (1894) might be profitably viewed as a 
masking phenomenon rather than as a demonstration 
of chain association. 
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Fig. 6. An idea.lized model of backward masking (see text for 
expla.nation) 

()ther Jrheories 
Recently WWKELGREN (1968) outlined a set of 

chain association theories for explaining errors in 
natural speech i. e. context free chain association, con­
tingent chain association, multiple trace chain associa­
tion, and context sensitive chain association theories. 
He then proceeded to rule out all but one of these 
theories contending that errors in speech support 
context sensitive chain association theories. However 
careful examination of this theory shows it incapable 
of handling any of the masking phenomena discovered 
in this study. Moreover, chain association fares so 
badly in explaining other errors in speech such as 
Spoonerisms, that chain association of phonemes or 
allophones is not considered a tenable assumption. 

Summary. Masking in motor systems was defined 
as the omission of one act in a sequence due to the 
succeeding or prior occurrence of another act in the 
sequence. A study of phoneme masking in natural 
speech showed that: 

1. Omitted phonemes were usually preceded or fol­
lowed by an identical phoneme (the masking phoneme). 

2. Forward masking, (where the masking phoneme 
precedes the masked phoneme) was as frequent as 
backward masking. 
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3. The phonemes preceding or following the masked 
phonemes usually shared several distinctive features, 
but were completely identical less frequently than 
would be expected by chance. 

4. For within-word masking the masking phoneme 
usually occurred in a stressed syllable and the masked 
phoneme in an unstressed one. 

5. The masked and masking phonemes were closer 
together in forward than backward masking. However 
for both forward and backward masking the masked 
and masking phonemes occurred farther apart than 
would be expected by chance. 

6. Two types of forward masking were distinguished 
on the basis of the proximity of the masked and mask­
ing phonemes. For 0 separation between masked and 
masking phonemes as in wir rings --+ wir ings, Type I 
forward masking was defined, and Type II for wider 
separations. 

7. The syllabic position of masked and masking 
phonemes in Type II forward masking was almost 
invariably identical but the opposite was true of Type I 
forward masking which was explained as a low level 
refractory effect. 

8. Masking occurred more frequently for some 
syllabic positions than others. 

9. Consonants were more frequently masked than 
vowels. 

10. Chain association theories proved inadequate 
for explaining masking phenomena in speech produc­
tion. 

II. Two main assumptions seemed necessary for 
explaining masking: 

a) In preprogramming speech sounds stressed pho­
nemes are more highly activated than unstressed ones. 

b) Contradictory aspects of similar speech pro­
duction programs interact in mutually inhibitory 
fashion. Thus when similar programs for integrating 
speech sounds are preprogrammed one program may 
inhibit the other leading to omission of a phoneme. 

12. The mechanisms underlying masking and 
phoneme reversals (Spoonerisms) were shown to be 
similar, differing only in proximity and stress para­
meters. 
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