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to understand why languages assume the forms they do is to look at 
historical change. Snapshots of language behavior at any point in time 

1 A seventh class, the "reduplicating" verbs, is also treated as a strong class A cling" 
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of cha~.~ge be predicted? It is also tue that many irregular forms survive, 
despite the 
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2. Data and general issues 

2 Historically there was a third weak class, but by the period in question only four verbs (live, 
have, think, and say) remained in weak class III, and for the purposes of this paper we will refer 
only to weak classes I and II. 
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phonological structure of the various verb classes, we will begin with a 
detailed presentation of the relevant data. 

The weak verbs of Proto-Germanic are classified according to the 
derivative suffix they 

Table 1 
Weak verb inflection in Early Old English, ca. 870 

Class: Ia Ib Ic II Example: de:man fremman nerjan lufian 'judge' 'do' 'save' 'love' 

3 Data are from Stark (1982). The dialect cited is West Saxon, since this was the dominant 
literary dialect of the period and that referred dialect 2D
1 1 1 rg
0.54 Tc
incited S t a r k  



The six strong classes were differentiated by 
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2.4. Developments in the weak verb system 
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//•ass I II EOE (ca. 



70 M. Hare, J.L. Elman / 
.Cognitio





72 M. Hare, J.L. Elman / Cognition 56 (1995) 61-98 

The clearest argument for 

Table 3 
Examples of denominal verbs in weak Class I 

9 The Ib verb wemman appears to have dropped out of the language; 
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As pointed out earlier, in Early Old English the smaller weak verb classes 
exhibited a large degree of formal coherence. This allowed the learner to 
exploit information about the phonological characteristics of each class. As 
general phonological change eroded these characteristics, membership 
shifted. The drift of certain verbs from Class I to Class II is consistent with 
our assumption that the morphological change resulted from difficulties in 
learning inflected forms. The is 
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combination they illustrate the significant distinctions among the four 
subclasses. Thus, 
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Fig. 4(a) gives the proportion of verbs of each class at the 

Class I 
27.000A 

,*1B88 II 
70.0% 

Generation 5 Generation 7 

Fig. 4. Difference in proportion of verbs in data set conjugated according to each class over 
time. (a) Structure of the original data set, before the onset of generational learning. (b) 
Difference in numbers two "generations" after phonological change. (c) Classes at 



The model described in section 4 demonstrates that the loss of their 
phonological cues 

10 The only variation shown was the occasional tendency for Class II verbs to adopt the 
common vowel of the past participle (e). 
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In section 2 we saw that over time a 

5.2. 5Modeling5the5weak5and5strong5verb5system

stem ~ ~ inflection 

I c I(c) l v I(v> I(c) l c I(v) l v I c I v I c I 

I I st
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p l u r a l  s i x  these set 

the a 

taken o f  and taken the 
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Class Number of exemplars 

Ia 90 
Ib 38 
Ic 18 
II 181 

As in Simulation 1, the weak verbs were divided into four subclasses with 
a size roughly representative of relative class sizes in OE. In the first 
generation of learning, the classes were as given in Table 5. wer

iknow theatghistoricaly T h e  e  sws sanin creas in vhe werk classes ,Sparticlatry in werk TCass o I I ,as vhe Slanguag rcreatd vnew lerbs , vhe inumbe of weak Terbs in 

I i: dri:fan 
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Fig. 7. Percentage of correctly inflected strong verbs over five generations of learning. 
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The movement of e-stem verb to Class IV is also explained in these terms. 
Class IV and a small subset of Class III verbs both took e in the present 
tenses, and a liquid (r or l) in coda position. Since in our model these two 
classes were unequal in both type and token frequency, three of the four 
Class III variants moved to Class IV early in the training. 11 

The third example, at first glance, is a less expected result. This was the 
case of a verb in present tense u that changed its past tense inflection to 
agree with that of freqtged 

verb This 

is 

that is 

3.48 Tc
0 TonSince the 

is dictand that with token 

type is This is w i t h  

in the B y b e p l e ,  

and with 

expected in modse, Plunketged 

the 

e anF mode. 

freqcarl9 

of that with t h r e e  

the past I V  
also expected modse, the 

expected mode. that This T h i s  t h a t  

f reqtged T h i s  d i c t a n d  e x p e c t e d  three the 

tenses, 

expected 

Table 2) 1 64.ET

BT
3 Tr
1 0 0 1 73.20 136.32 Tm
1 1 1 rg
/F1 7.92 Tf
-1.12 Tc
0 Tw
(11 ) Tj
6.96 0 TD
1 1 1 rg
0.29 Tc
0 Tw
(This ) Tj
18.72 0 TD
1 1 1 rg
0.36 Tc
0 Tw
(discrepancy ) Tj
44.40 0 TD
1 1 1 rg
0.24 Tc
0 Tw
(in ) Tj
10.32 0 TD
1 1 1 rg
0.38 Tc
0 Tw
(frequencies ) Tj
42.96 0 TD
1 1 1 rg
0.24 Tc
0 Tw
(was ) Tj
16.32 0 TD
1 1 1 rg
0.42 Tc
0 Tw
(due ) Tj
16.32 0 TD
1 1 1 rg
0.40 Tc
0 Tw
(to ) Tj
10.56 0 TD
1 1 1 rg
0.3
(to ) Tj
17dm
Tij
6.96 0 TD
e3oi1 rg
0.40 T roro i08 ncy frequen26cy i08 nc64
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Table 10 
Cases of irregularization in strong verb model 

ri:an 'roar'; hrishan 'shake'; tilian I 

a The OE vowel was a. This was incorrectly learned as e:a in the model. 

~3 Irregularization is also relatively rare in children acquiring the synchronic language 
(Marcus, Pinker, Ullman, Hollander, Rosen & Xu, 1992), and Plunkett and Marchman (1993) 
have previously shown this is to be the case in connectionist models as well. 
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The goal of this project was to use basic connectionist principles of 
learning and generalization to explain, in a reasonably detailed manner, the 
changes that occurred in the English verb system over time, and the results 
are indeed consistent with this goal. The model produces the overall effect 
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representation to be the 
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