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1. Introduction 
 
The Dual Mechanism Model, or DMM, proposes that “regular” 
inflectional morphemes are attached by a categorical default 
rule understood as an operation over variables while ”irregular” 
inflected words are formed by analogy to irregular forms in the 
lexicon (Pinker 1999, Pinker and Prince 1988, 1994, Berent et 
al. 1999, Clahsen 1999). 

The two defining characteristics of a regular pattern applied 
via a default rule are 1) the regular pattern is the most 
frequently used pattern with nonce stems that are not similar to 
any existing stems, i.e. it is the pattern that is applied by default 
when formation by analogy fails; and 2) the regular pattern is 
applied when certain necessary and sufficient conditions 
defining the variables to which the rule applies have been 
satisfied, e.g. the stem is a verb, thus the regular pattern should 
be applied as readily to nonce stems that are similar to no 
existing stems as to stems similar only to existing stems taking 
the regular pattern, i.e. the regular pattern does not exhibit a 
similarity effect.  

The most serious challenge to the DMM so far has come 
from Albright and Hayes (2003) who found that even the 
regular English past tense exhibits a similarity effect. Thus 
when native English speakers are asked to rate regular and 
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irregular past tense forms of nonce verbs on how natural they 
sound as the past tense of the verb, they rate regular forms 
higher if the verb is similar to many regular verbs and no 
irregular ones than if it is similar to neither regulars nor 
irregulars. These results suggest that no pattern is free from 
similarity effects. 

However, the DMM can account for these effects. Pinker 
and Prince (1994) stated that nothing prevents high frequency 
inflected forms from being stored in the lexicon, whether they 
are regular or irregular. There is also nothing to prevent 
speakers from forming analogies based on these stored 
regulars. The analogical mechanism would then apply to all 
patterns but the rule would be a mechanism that is only used to 
attach regular patterns. Under this account, the default pattern 
does not have to be free of similarity effects but must simply be 
less susceptible to similarity effects than its competitor 
patterns. A stronger case against the DMM would be made if 
cases could be found in which the pattern that is least 
susceptible to similarity effects is not the default pattern. In this 
paper, we show that Russian verbal stem formation is such a 
domain. 

 
2. Methods 
 
2.1 The Task and the Participants 
 
A written questionnaire was given to thirty-nine native Russian 
undergraduate students, studying at the University of the 
Russian Academy of Education in Nizhny Novgorod, Russia. 
The questionnaire contained 150 monosyllabic nonce 
consonant-final nouns in pseudorandomized order spelled in 
Cyrillic. The nouns were of six types: 1) similar to existing 
nouns taking -a-, 2) similar to existing nouns taking -i-, 3) 
similar to existing nouns taking -nu- 4) similar to existing 
nouns taking -{o;e}va-, 5) similar to existing nouns taking -e-, 
and 6) similar to no existing nouns. 



The subjects were asked to make a verb out of the noun 
by filling in the missing part of the verb. The blank spaces in 
the middle of verbs were long to encourage the application of 
the longer stem extensions. The subjects were not given the 
final consonant of the verb root so that they would feel free to 
make consonant changes and to ensure that maintenance of the 
consonant in environments where it could change was not due 
just to the subjects’ reluctance to cross out letters printed in by 
the experimenter, e.g. (pljuk) plju______t’, (xrjuz) 
xrju______t’, (lab) la_______t’. Participants were shown three 
examples on the board and had an example of a word formed 
with each of the patterns on the questionnaire. The participants 
were not told what the choices were or what the purpose of the 
experiment was until after completing the experiment. 
Participants were under time pressure to complete the 
questionnaire and were told to write down the first thing that 
came to mind.  

 
2.2. Stimuli 
 
2.2.1 Measuring Phonological Similarity 
 
Controlling for similarity to existing words is a crucial 
methodological issue since we need to determine which 
inflectional class a given nonce stimulus is closest to, and to 
identify stimuli that are not similar to any existing verbal 
stems.  

These issues pose an inherent methodological challenge. 
The traditional method introduced by Prasada and Pinker 
(1993) and widely used by proponents of the DMM (e.g., 
Berent et al. 1999) is to take an existing word that rhymes with 
many members of a particular inflectional class, change it in 
some minimal way (e.g. by one feature) and assume that the 
nonce word is closest to the members of the inflectional class 
of the word from which it was created. The problem with this 
approach is that there is no quantitative control over the 



number of words from each of the inflectional classes that a 
given stimulus is close to, nor of how close it is to each of them 
(cf. Albright and Hayes 2003). For example, changing /baIt/ to 
/paIt/ makes it close to /faIt/ (past /fOt/), a word of a different 
conjugational class than /baIt/ (past /bIt/).  

It is necessary to take into account all words that are close 
enough to the nonce stimulus to affect its assignment to one of 
the inflectional classes, i.e. all words in the stimulus’ 
neighborhood (Luce and Pisoni 1998) and to weigh the 
influence of each of these words by its proximity to the 
stimulus so that more similar words influence category 
assignment more.  

The method developed for use in this study acts as a 
continuation of the methodological work on controlling for 
similarity carried out in Nosofsky (1990) and Albright and 
Hayes (2003) and may be termed The Fixed Radius Method, or 
FIRM.  

Under FIRM, the experimenter first makes up a nonce 
stimulus, chooses a radius of X units of phonological similarity 
and finds all words that are within that radius of the stimulus. 
In this paper, a reverse dictionary (Zaliznjak 1977), and the 
Ogonek Corpus of modern written discourse collected in the 
1990’s (SFB-441 2000) were searched to obtain words in the 
neighborhood of a given nonce stimulus.  

Second, the experimenter derives a similarity score for each 
of the words, which is the inverse of the number of units of 
similarity (UNOS) by which the word differs from the nonce 
stimulus1. The similarity score of each of the inflectional 
classes in the domain is the sum of the similarity scores of its 
member words which are within the neighborhood radius of the 
stimulus. The class with the highest similarity score is the class 
that the stimulus is closest to. Stimuli that are not close to any 
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existing words have no neighbors within the radius. In this 
study, the radius was set at 4 UNOS (cf. Connine et al. (1993) 
who found that English words that differed by four features or 
more do not phonologically prime each other).  

FIRM makes two assumptions. One is that the 
neighborhood is a discrete set, i.e. the set of words that are 
brought to bear on a word’s category assignment can be 
delimited (cf. Luce et al. 2000). The second is that the 
neighborhood has a graded internal structure, i.e. that distance 
from the stimulus within the neighborhood, rather than simple 
membership or non-membership in the neighborhood is 
relevant. These assumptions are also made in Nosofsky (1990).  

As Bailey and Hahn (2001) note, phonological similarity is 
difficult to measure due to the lack of agreement on what the 
unit of measurement is. In this paper we take a combined 
approach to this issue. With the goal of including all words that 
could possibly be brought to influence the subject’s 
categorization, the criteria for inclusion must be quite liberal. 
Thus, we chose the limit of 4 UNOS divergence between the 
nonce noun and the roots of existing words, irrespective of 
where these features are located. The feature system used was 
that found in Halle (1995). The problematic vowel ‘y’ was 
classified as [+back; -high; -low] and not as [+back; +high] 
based on the author’s observation of the Nizhny Novgorod 
dialect, which is spoken by the participants in the experiment. 
Feature changes implied by more specific changes were not 
counted, e.g. the change from [d] to [n] involves changing the 
features [nasal] and [sonorant] but the change in the feature 
[sonorant] was not counted. The change from one value to 
another of the non-binary feature [place] was always counted 
as 1 UNOS, regardless of the distance between values in 
articulatory space. 

Only monosyllabic roots were used in the experiment. 
Words in the neighborhood were ‘derived’ from the stimulus 
by the addition or deletion of any number of consonants to the 
beginning or end (but not the middle or both). This step was 



taken to bring our measure in accordance with the findings by 
Bailey and Hahn (2001) that deletions or additions of 
consonants do not reduce similarity as long as the number of 
syllables is maintained. The restriction of insertions to the 
edges of the word was undertaken in accordance with the 
preference for concatenation: other things being equal, affixes 
are more productive than stem changes when they compete for 
expression of the same meaning (Dabrowska 2001).  

Finally, substitutions of allophones of the same phoneme 
were counted as changes by ½ UNOS, as were substitutions of 
one phoneme for another in environments where they would be 
realized in the same way phonetically. For example, voiced 
obstruents devoice at the ends of words in Russian, hence the 
phonemic contrast between /t/ and /d/ is neutralized in this 
position and the distance between /kot/ and /kod/ (phonetically 
[kot]) is half a unit.  

Below is a summary of the similarity conventions adopted: 
- limit = 4 
- feature change = insertion or deletion of any number of 

C’s on one edge = 1; if no C’s remain, = 5  
- insertion or deletion of a V or C word-internally = 5 
- change of a phoneme keeping the phone = change of a 

phone keeping the phoneme = 0.5 
- identical phonological shape = 0.25 (not 0 in order for 

division to be possible) 

- category attractiveness =∑
w S

1 where w is a word 

obeying a certain pattern, while S is the similarity score 
(0.25≤S≤4)2 

A control set of words that are not similar to any of the 
existing words was derived. Such a control set is necessary to 
evaluate the productivity of various patterns and its dependence 
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on similarity (Clahsen 1999). According to the DMM the 
pattern used most in this set of stimuli is the default pattern.  
 
2.2.2 Controlling for Priming 
 
It is always a danger when working with a large set of stimuli 
that the exposure to the preceding stimuli will affect the 
reactions to the following stimuli. In order to decrease the 
likelihood of such priming effects we pseudorandomized the 
order of presentation of the stimuli using the random number 
generator from random.org and ensured that 1) no more than 
two stimuli close to words taking the same extension occurred 
consecutively, and 2) no more than two stimuli ending in the 
same consonant occurred consecutively.  

Five stimuli from the very beginning of the experiment 
were repeated at the very end. The large number of intervening 
stimuli makes identity priming between the stimuli less likely. 
Thus, if there are significant differences between the two sets 
of stimuli, we may assume that they are to a large degree due to 
exposure to the intervening stimuli. By comparing the two sets 
of identical stimuli we can see if priming effects occurred and 
in what direction they were likely to bias the results. No 
statistically significant differences (at the .05 level according to 
the chi-square test) between first and second presentations of 
the same stimulus were found, either in the aggregate or in 
specific stimuli. Thus we can conclude that between-stimulus 
priming did not occur.  

 
2.2.3 Root-final Consonant 
 
Gor and Chernigovskaya (2001) conducted an elicited 
production experiment where subjects were asked to produce 
the past tense form of a Russian verb given the present first 
person singular. They observed that the productivity of a stem 
extension was influenced by whether or not it required changes 
in the root. Shvedova et al. (1980) state that the final consonant 



of the nominal root changes before stem extensions that begin 
with a front vowel if it is a velar or a /ts/, as shown in (1)-(3)3. 
This alternation is morphologized, that is, it applies to stem 
extensions but not case endings (cf. /trJe»voga/ ‘worry’; 
/trJe»vogJi/ ‘worries; of worry’; but /trJe»voZ¨tJ/ ‘to 
worry’4). However, the schema has no lexical restrictions. 

  (1)  {/k/; /ts/} > [tS] 
(2) /x/ > [S] 
(3) /g/ > [Z] 

Thus, we should separate roots that end in a velar or [ts] 
from other roots, since we would expect stem extensions 
beginning with a front vowel to apply to these roots less often 
than to other roots. 

The stimuli were balanced for palatalization, manner of 
articulation and sonority of the final consonant as well as 
preceding vowel. Only palatalization had an effect, favoring 
front vowels. Results reported here were the same for 
palatalized and non-palatalized final consonants, thus they are 
independent of the effect of palatalization. 

 
3. Results  
 
Table 1 shows that -a- is the pattern that is used more 
frequently than any other pattern with velar-final roots that are 
not similar to any existing roots (chi-square=5.37, p<0.025). 
This is in agreement with the observation that stem extensions 
beginning with front vowels do not come after velar-final 
stems in the lexicon. Furthermore, -a- is the only pattern that 
does not exhibit a numerical similarity effect in that it is 
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applied to stimuli that are different from all existing roots as 
frequently as it applies to stimuli that are similar to roots 
preceding -a-. Since the magnitude of the similarity effect of -
a- is significantly different from the magnitude of its nearest 
competitor’s, -i-‘s similarity effect (chi.sq.=24, p<0.001), -a- is 
the pattern that exhibits the weakest similarity effect. 

We may note, however, that the stem extension -i- was 
applied after velar-final roots in 33% of the responses 
(chi.sq.=18.5, p<0.001), which indicates that even rules that are 
true for every lexical item in the lexicon that meets their input 
specifications are not necessarily fully productive (cf. Zimmer, 
1969, for Turkish). This may be because the rule in question is 
morphologized.  
 
Table 1: Affix productivity after velars. X stands for ‘the class 
of roots that take the stem extension shown on the right’.5 
Percentages indicate the number of responses choosing the 
stem extension shown in the top row of the column. 

X -i- -a- -e- -{o;e}va- -nu- 
Similar to X 40% 

73/185
45% 

118/261
10% 

18/185
23% 

60/259 
11% 

20/185 
Similar to 

none 
33% 

74/222
47% 

105/222
4% 

8/222 
9% 

19/222 
5% 

12/222 
Significance no no p<.05 p<.001 p<.1 
Similarity 

effect 
7% -5% 6% 14% 6% 

 
Table 2 shows that -a- is the pattern that is used more 
frequently than any other pattern with labial-final roots that are 
not similar to any existing roots (although the difference 
between -a- and -i- is not statistically significant). -a- again 
appears to behave as the default pattern in terms of similarity 
effects (the differences between -a-‘s reverse similarity effect  
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different groups of stimuli (see appendix for complete results). 



and no similarity effect displayed by its nearest competitors is 
significant, chi.sq.=26, p<0.001).  
 
Table 2. Affix productivity after labials.  

X -i- -a- -e- -{o;e}va- -nu- 
Similar to X 62% 

115/185
27% 

39/147 
14% 

25/185
19% 

35/184 
7% 

11/148 
Similar to 

none 
36% 

53/148 
44% 

65/148 
8% 

12/148
5% 

8/148 
4% 

6/148 
Significance p<.005 p<.025 no p<.001 No 
Similarity 

effect 
26% -17% 6% 14% 3% 

 
Table 3 shows that while -a- is the only affix that exhibits 

no similarity effect after coronal and palatal consonants: the 
difference between -nu- and -a-‘s similarity effects is 
significant (chi.sq.=5, p<0.05), -i- is the affix used most after 
roots that are not similar to any existing roots (chi.sq.=5.14,  
p<0.025). Thus the two characteristics of a default proposed 
within the DMM are dissociable. 

 
Table 3. Affix productivity after coronals and palatals  

X -i- -a- -e- -{o;e}va- -nu- 
Similar to X 62% 

139/221 
33% 

72/221
20% 

75/378 
18% 

54/296 
9% 

27/296 
Similar to 

none 
42% 

109/258 
30% 

78/258
8% 

21/258 
11% 

27/258 
4% 

9/258 
Significance p<.05 No p<.001 p<.025 p<.001 
Similarity 

effect 
20% 3% 12% 7% 5% 

 
4. Discussion and Conclusion 
 
Contra the DMM (Clahsen 1999, Pinker 1999), the most 
productive affix is not necessarily the one that is unaffected by 
the similarity of the nonce stimulus to existing stems.  



This dissociation is handled easily by Network Theory 
(Bybee 1995, 2001), which proposes that all patterns are 
applied by analogy to existing words that are similar to the 
nonce stimulus. Boudelaa and Gaskell (2002) examine the 
Arabic plural where the pattern that exhibits the weakest 
similarity effect is not the pattern that has the highest type 
frequency. However, Boudelaa and Gaskell find that it is the 
pattern whose associate stems are distributed most evenly in 
phonological space. They suggest that this evenness of 
distribution accounts for weakness of the similarity effect: 
there are no areas in the lexicon where the density of “regular” 
models is particularly high. By contrast, even distribution in 
the lexicon is only one factor that has been demonstrated to 
influence productivity. For instance, Bybee and Newman 
(1995) asked native English speakers to learn an artificial 
grammar in which two patterns competed to form the plural. 
Once acquisition was complete, the subjects performed an 
elicited production nonce probe tasks in which they were asked 
to form the plural using the recently learned patterns. 
Whichever pattern was heard with more word types was used 
more frequently with unfamiliar words, showing the powerful 
influence of type frequency. The power of this factor was so 
great that no effect of whether the pattern with the higher type 
frequency was an affix or a stem change was observed. By 
contrast, Dabrowska (2001) examined singular and plural 
genitive formation in Polish. Only the plural genitive domain 
featured a default suffix and interestingly in the plural but not 
in the singular the suffix competed only with stem changes. 
The type frequency distributions were similar for the singular 
and the plural. Hay (2003) found that affixes that formed words 
that were less frequent than their stems (those with low relative 
frequency) were more productive than affixes that derived 
words that were more frequent than their stems because affixes 
with low relative frequency are more likely to be isolated in 
speech segmentation.  



Thus, the attributes that cause a pattern to be insensitive to 
similarity effects may be different from the attributes that cause 
it to be used more than its competitors with nonce stimuli 
similar to no words in the lexicon. Weak similarity effects and 
high rates of use with nonce stimuli similar to no existing 
words are not indicators of rule-based affixation but rather 
reflections of different aspects of lexical distribution.  
 
Appendix: Results in Detail: 
 
a. Velar-final roots 
Similar 
to —> 
Takes 
 

-i- -a- -e- {o;e}va -nu- None 

I 73    
39.5%  

72     
27.6%

52    
28.1% 

73    
28.2% 

37      
20.0%   

74      
33.3%  

A 72    
38.9% 

118   
45.2%

82    
44.3%

90    
34.7% 

106    
57.3% 

105    
47.3% 

E 3      
1.6% 

14     
5.4% 

18    
9.7% 

12    
4.6% 

6        
3.2% 

8        
3.6% 

VA 16    
8.6% 

33     
12.6%

19   
10.3%

60    
23.2% 

6        
3.2% 

19      
8.6% 

NU 10    
5.4% 

14     
5.4% 

10    
5.4% 

18    
6.9% 

20      
10.8% 

12      
5.4% 

Other 11    
5.9% 

10     
3.8% 

4      
2.2% 

6      
2.3% 

10      
5.4% 

4        
1.8% 

Total 185 261 185 259 185 222 
 

b. Labial-final roots 
Similar 
to 

-i- -a- -e- {o;e}va -nu- None 

I 115      
62.2% 

66    
44.9%  

85    
45.9%   

67    
36.4%   

63      
42.6%

53      
35.8%  

A 36      
19.5% 

39    
26.5% 

49    
26.5% 

52    
28.2% 

48      
32.4%  

65      
43.9% 



E 16      
8.6% 

12      
8.2% 

25    
13.5% 

21    
11.4% 

9        
6.1% 

12      
8.1% 

VA 9        
4.9% 

15    
10.2% 

7      
3.8% 

35    
19.0% 

12      
8.1% 

8        
5.4% 

NU 8        
4.3% 

9      
6.1% 

12      
6.5% 

7       
3.8% 

11      
7.4% 

6        
4.1% 

Other 1 
0.5% 

6      
4.1% 

7 
3.8% 

2       
1.1% 

5        
3.4% 

4        
2.7% 

Total 185 147 185 184 148 148 
 
c. Coronal- and palatal-final roots 
Similar 
to 

-i- -a- -e- {o;e}va -nu- None 

I 139       
62.3% 

109   
49.3% 

167     
44.2% 

136    
45.9% 

110     
37.2%

109      
42.2% 

A 41       
18.6% 

72      
32.6% 

80       
21.2% 

53      
17.9% 

106     
35.8%

78      
30.2% 

E 13         
5.9% 

17       
7.7% 

75       
19.8% 

32      
8.1% 

33       
11.1%

21      
8.1% 

VA 11         
5.0% 

10       
4.5% 

39       
10.3% 

54      
18.2% 

16       
5.4% 

27      
10.5% 

NU 6         
2.7% 

10       
4.5% 

14       
3.7% 

7        
2.4% 

27       
9.1% 

9        
3.5% 

Other 11         
5.0% 

3         
1.4% 

3         
0.8% 

14        
4.7% 

4         
1.4% 

14        
5.4% 

Total 221 221 378 296 296 258 
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