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Abstract 
 
When hearing the non-word entena, Spanish 
listeners can convert it to the Spanish word 
antenna (antenna) by changing one vowel or to 
the Spanish word entera (whole) by changing 
one consonant.  Van Ooijen [5] found 
participants were better at vowel changes than 
consonant changes, an effect she called "vowel 
mutability." 
 
Previous experiments have demonstrated vowel 
mutability with spoken materials, suggesting that 
it is specific to spoken language.  The 
experiments below tested for vowel mutability 
with print materials.   
 
Experiment 1 tested 55 native speakers of 
Spanish with 30 non-words that could be 
converted to Spanish words by changing either 
one vowel or one consonant.  Experiment 2 was 
identical to Experiment 1, but the participants 
were native speakers of English and materials 
were in English.  The results in both showed 
strong vowel mutability effects.  Such effects 
with print materials, both in Spanish and 
English, suggest that vowel mutability is not 
specific to spoken language. 
 

1.  INTRODUCTION 
 

In Spanish, prema is not a word.  This non-word 
can be converted to the real word prima (cousin) 
by changing the first vowel from /e/ to /i/. It can 
also be converted to the word presa (dam) by 
changing the /m/ to /s/.  This is the word 
reconstruction task [5].  In this task, participants 
hear a series of non-words.  Each one can be 
converted to two real words, one created by 
changing just one vowel to produce prima, the 
other by changing just one consonant to produce 
either presa or prena or crema. 
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procedure for the word reconstruction task is 
resent one-third of the non-words with 
uctions to change only a vowel to create a 
 (vowel condition), then present a second 
 of the non-words with instructions to 
ge only a consonant to create a word 
sonant condition), then present the 
ining third of the non-words with 
uctions to change either a vowel or 
onant, whichever the participant prefers, to 
te a word (free-choice condition). 

 Ooijen [5] found that her participants made 
r errors in the vowel condition than in the 
onant condition, and they were generally 
r at finding the vowel target words.  In the 
choice condition, they reported vowel target 
s more often and did so faster.  Collectively 

Ooijen called these effects "vowel 
bility."  

ral explanations for this phenomenon have 
 tested and rejected.  First, the number of 
nctive features separating the vowel or 
onant in the target word from its 
cement in the non-word is uncorrelated with 
ess in finding the word.  Second, the number 
owel vs. consonant slots in the non-word 
 not correlate with success in finding the 
el and consonant words.  Third, the number 
owels vs. consonants in a language does not 
t vowel mutability.  Fourth, the acoustic 

larity of vowels in a language does not affect 
el mutability.  Fifth, dialectical variation 
 not explain vowel mutability.  Finally, 
el mutability is not caused by variations in 
requency of use of vowels vs. consonants. 

el mutability is a robust phenomenon.  It has 
 demonstrated in English [4,5], Spanish 



[2.3], and Dutch [2] and appears with measures 
of both latency and accuracy.  Having no 
explanation for vowel mutability is disquieting, 
since the phenomenon applies to vowels and 
consonants, one of the most basic distinctions in 
phonology. 
 
All studies to date have tested for vowel 
mutability using spoken language materials, 
which suggests that vowel mutability is specific 
to spoken language processing.  The studies 
below explore the possibility that vowel 
mutability also appears when the materials are 
read rather than heard.   
 

EXPERIMENT 1 
 

Vowel mutability has been shown to occur in 
Spanish using spoken materials [2, 4]. 
Experiment 1 tested whether vowel mutability 
appears in Spanish when using print materials 
instead. Fifty-five university students in 
Pamplona, Spain participated. Sixty non-words 
were created, 30 experimental items and 30 filler 
items.  All items could be changed into two 
different Spanish words by altering either one 
vowel or one consonant, e.g., analo could be 
changed to anulo or to avalo. For the 
experimental items, several controls were 
necessary to ensure that vowel and consonant 
target words were equally likely as responses. 
These included the frequency of the target words 
and where in the word the letter to be changed 
occurred.  
 
The 30 experimental and 30 filler non-words 
were randomized with the restriction that each 
third of the list contain 10 experimental and 10 
filler items. 
 
Participants were presented the 60 non-words at 
the rate of one every 10 seconds and asked to 
write what they thought the correct word was. 
 
  
 At the beginning of each third of the list, they 
were told whether they were in the vowel, 
consonant, or free-choice condition.   
 
Responses were scored for errors, which 
consisted of either no response during the 10-
second interval or a response that did not meet 
the criteria given in the instructions.  Mean 
proportions of errors for the vowel, consonant, 
and free-choice conditions were 0.08, 0.24, and 
0.09 respectively and are shown in Figure 1. 
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e means were tested in a simple analysis of 
nce (ANOVA).  The main effect for 
ition was significant. Posttests showed the 
onant condition to have significantly more 
s than either the vowel or free-choice 
ition.  The vowel and free-choice conditions 
ed no significant difference.   
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re 1:  Mean proportions of errors in the 
el, consonant, and free-choice conditions for 
riment 1. 

e free-choice condition, participants could 
ge either a vowel or a consonant to make a 
 out of the non-word.  In the cases in which 
cipants produced a correct word, a vowel 
ge was significantly more common than a 
onant change, with mean proportions of 0.53 
0.29 respectively. 

in earlier studies, participants were much 
r at making vowel changes than at making 
onant changes.  The error rate in the 
onant condition was more than twice the 
 rate for the vowel and the free-choice 
itions.  There was no significant difference 
rror rate in the vowel and free-choice 
itions.  Having a choice in the free-choice 
ition seemed to confer no advantage over 
ly changing a vowel.   

el mutability in other studies has been 
onstrated with spoken materials, whereas the 
ent study used print materials.  Despite the 
ge in modality, the vowel mutability effect 
occurred.   

2. EXPERIMENT 2 
 

el mutability has been shown in Spanish, 
ish, and Dutch, which suggests that vowel 
bility may be found in all spoken languages.  
riment 1 showed that vowel mutability 



occurs with print materials in Spanish.  Does it 
occur with print materials in other languages as 
well?  Experiment 2 tested this hypothesis using 
native speakers of American English and English 
print materials.  Experiment 2 was identical to 
Experiment 1 in design.  
 
Responses were scored as in Experiment 1.  
Mean proportions of errors for the vowel, 
consonant, and free-choice conditions were 0.14, 
0.31, and 0.13 respectively and are shown in 
Figure 2. 
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Figure 2:  Mean proportions of errors in the 
vowel, consonant, and free-choice conditions for 
Experiment 2.  
 
The main effect for condition was significant.  
Posttests showed the consonant condition to have 
significantly more errors than either the vowel or 
free-choice condition.  The vowel and free-
choice conditions showed no significant 
difference.   
 
In the free-choice condition, a vowel change was 
significantly more common than a consonant 
change, with mean proportions of 0.50 and 0.26 
respectively. 
 
The pattern of results for Experiment 2 was very 
similar to the pattern for Experiment 1, so vowel 
mutability appears in both spoken and print 
materials. 
 

3.  CROSS-LANGUAGE COMPARISONS 
 

Experiments 1 and 2 were identical in design, 
sample size, selection of materials, and 
procedure, so it was possible to compare them.  
A two-factor ANOVA was performed with 
experiment (Spanish, English) crossed with 
condition (vowel, consonant, free choice).  The 
primary difference between the two experiments 
was that the error rate in the English experiment 

was 
stud
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Figure 3:  Cross-language comparisons 

 
consonant condition showed significantly 
 errors than did the vowel and free-choice 
itions, and the latter two did not differ.  In 
free-choice condition, vowel words were 
uced significantly more often than 
onant words.  This is the same pattern of 
lts first shown by van Ooijen [5] and in all 
equent vowel mutability studies.  All 
ious studies of vowel mutability have used 
en materials.  The present pair of studies 
 print materials instead and still produced 
el mutability effects in Spanish, a Romance 
ly language, and English, a Germanic family 
uage.  Producing vowel mutability effects 
 print materials in both Spanish and English 
orts the hypothesis that vowel mutability is 
specific to spoken materials.  The primary 
rence in the two experiments was that the 
 rate overall was appreciably higher in the 
ish study than in the Spanish study, perhaps 
use the Spanish students were primarily 
th-year, but the English students were 
arily first-year. 

4.  GENERAL DISCUSSION 
 

two studies presented here have exhibited 
el mutability in the visual modality.  They 
to the robustness of the effect shown in 
er studies in the auditory modality [2,3,4,5].  
auditory studies have tested six potential 

anations of vowel mutability, but none has 
 supported.  Other hypotheses have been 
ed [2], but these are generally difficult to 

   

ence for vowel mutability in the visual 
ality suggests that vowel mutability is not a 
omenon that is specific to phonological 
essing but is general to lexical access.  



Accordingly, explanations for vowel mutability 
should be sought in models of lexical access that 
are general to both modalities. 
A potential problem with this conclusion is that 
some or all of our participants may have 
converted the visual non-word to a spoken form 
before accessing the lexicon.  If a print-to-sound 
conversion occurs uniformly, then finding vowel 
mutability with print materials could be 
explained as basically a phonological process.  
Dual route models of reading have received 
extensive discussion [1]. The issue at present is 
not whether an indirect route through 
phonological recoding exists but under which 
conditions it may be used.  Seidenberg [6], for 
example, proposed that phonological recoding 
may be invoked when reading low frequency 
words.  Nearly all the words in our two 
experiments were low frequency words, so they 
may have been recoded into phonological form 
for lexical access.  Further work is necessary to 
test this possibility.   
  
Current models of lexical access, for both print 
and spoken language, seem to offer no 
explanation of vowel mutability.  In none is there 
a selective mechanism that impedes processing 
of consonants in favor of vowels. 
 

5.  CONCLUSIONS 
 
 Vowel mutability is a reliable phenomenon that 
has now been shown to occur in both print 
materials and spoken materials.  The generality 
of the effect invites an explanation at a more 
central level of lexical processing, one that 
focuses on properties that distinguish vowels 
from consonants regardless of modality.   
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