
 
 
 

“WHO BREAKED THE RULE?”: RETHINKING ENGLISH PAST TENSE 
OVERREGULARIZATIONS 

 
 

by 
 
 

Megan Figueroa 
 
 

__________________________ 
Copyright © Megan Figueroa 2018  

 
 

A Dissertation Submitted to the Faculty of the 
 
 

DEPARTMENT OF LINGUISTICS 
 
 

In Partial Fulfillment of the Requirements 
 

For the Degree of 
 
 

DOCTOR OF PHILOSOPHY 
 
 

In the Graduate College 
 
 

THE UNIVERSITY OF ARIZONA 
 
 
 
 

2018 





 3 

STATEMENT BY AUTHOR 
 

This dissertation has been submitted in partial fulfillment of the requirements for an 
advanced degree at the University of Arizona and is deposited in the University Library to be 
made available to borrowers under rules of the Library. 
 

Brief quotations from this dissertation are allowable without special permission, provided 
that an accurate acknowledgement of the source is made. Requests for permission for extended 
quotation from or reproduction of this manuscript in whole or in part may be granted by the head 
of the major department or the Dean of the Graduate College when in his or her judgment the 
proposed use of the material is in the interests of scholarship. In all other instances, however, 
permission must be obtained from the author. 
 
 
 

SIGNED: Megan Figueroa 
 

 
  



 4 

ACKNOWLEDGMENTS 
 
It truly takes a village to raise a dissertation. There are so many people that deserve love and it 
seems outrageous to think I could properly acknowledge them all on this page, but here I go:    
 First and foremost, I would like to thank my fearless leader, LouAnn Gerken. She 
constantly served as the perfect role model and support system a PhD student could ask for: I 
feel so fortunate that I decided to take her language development class my first semester at UA. 
No one has ever had a better advisor, so don’t even try to argue this with me. LouAnn made me a 
better scientist and for that I am eternally grateful.  

I am indebted to my committee members Rebecca Gómez and Heidi Harley for their 
encouragement and invaluable insights. They pushed me to think of questions that I wouldn’t 
have thought of alone and this dissertation is so much the better for it. Chapter 2 was in part 
supported by the National Science Foundation Doctoral Dissertation Improvement Grant 
#1729862 and would not have been possible if not for Sarah Bosch and Neida Ahmad. Thank 
you for scheduling and running participants, but, more importantly, thank you for making me so 
proud. Also thanks to Lauren Clough, Joleen Kuzdas, Mira Nathan, and all of the other amazing 
women of the Tweety Lab. Chapter 3 of this dissertation would not have been possible if not for 
Julia Fisher, who made me a little less scared of math and a better scholar. And thank you to the 
UA Graduate College for awarding me the Dr. María Teresa Vélez Diversity Leadership 
Scholarship, which allowed me to dedicate a year to writing without teaching. 

Thank you to all the women of the Department of Linguistics. To Amy Fountain for 
reminding me that I did belong in the program and for being the best possible influence my first 
semester at UA. To Diane Ohala for showing me that kindness in academia is real. To Heidi, 
again, for showing me that you can be brilliant and kind and that one shouldn’t be more 
important than the other. And to Simin Karimi and Natasha Warner who made me feel like I was 
supported and appreciated by the department.  
 It’s really hard being a first-generation college student. I wouldn’t have made it this far in 
academia if it weren’t for Laida Restrepo, who told me I needed to do research and made me feel 
like I belong, for maybe the first time ever. I am also so thankful for Leah Fabiano-Smith for 
taking me in at UA, and for serving as my minor advisor. She constantly inspires me and gives 
me hope that social justice and academia can and will work together. Finally, to Rolando Coto: 
he’s a scholar and human I look up to and the hermano I always wanted – I admire him so much. 
 I would not have survived this experience without my female friendships, medication, 
and therapy. In that order. To Carrie Gillon for helping me figure out that female friendships are 
the best friendships and that sometimes you just gotta be salty but you should never, ever be an 
asshole. To Elise Bell for looking real nerdy and approachable and being the best cohort friend 
then best friend a scared, PhD student could have. To Mary-Caitlyn Valentinsson and Shiloh 
Drake for coming before Elise and I and trailblazing female empowerment in Tucson and for 
then converging with Elise and I to create a gang completely impervious to bullshit. 
 I am embarrassed to admit that writing a dissertation made me, from time-to-time, a 
difficult person to be around. I am so lucky to have Nick Granum in my life to remind me of 
what is truly important. Whenever I started to spiral, he was there to suggest we go get Mi 
Nidito. He also rescued me a dog. Thank you, Nick and Rilo. I love you and I would definitely 
save both of you, at the same time, if our boat capsized. 
 Finally, I literally wouldn’t be here without my parents. We did this together because 
they gave everything they had to make sure I had this shot. I love you so much.  



 5 

   
 

 
 
 
 
 
 
 
 
 
 
 
 

"Where did she go with all those books and paper? Why did she march so far away? They will 
not know I have gone away to come back. For the ones I left behind. For the ones who cannot 

out." – Sandra Cisneros, The House on Mango Street 
 

Dedicated to those who came before me, especially my parents.  
 
  



 6 

TABLE OF CONTENTS 
LIST OF FIGURES……………………………………………………………………………….8 
LIST OF TABLES………………………………………………………………………………...9 
ABSTRACT……………………………………………………………………………………...10 

 
CHAPTER 1: ENGLISH PAST TENSE OVERREGULARIZATIONS………………………..11 
1.1 Introduction…………………………………………………………………………………..11 
1.2 English Past Tense Development ……………………………………………………………14 
 1.2.1 Perception………………………………………………………………………….14 
  1.2.1.1 Perceptual discrimination of grammatical morphemes…………………..15 
  1.2.1.2 Perceptual discrimination of syntactic categories………………………..16 
  1.2.1.3 How do learners treat gaps in morphosyntactic paradigms?.....................24 
  1.2.1.4 Summary of perception…………………………………………………..28 
 1.2.2 Production……..……………………………………………………………….......29 
  1.2.2.1 Developmental trajectory………………………………………………...29 
  1.2.2.2 The problem.........................................................………………………..31 
  1.2.2.3 Summary of production………………………………………………….33 
1.3 Overview of the Dissertation………………………………………………………………...34 
 
CHAPTER 2: BEHAVIORAL STUDY WITH 16-MONTH-OLDS…………………………….35 
2.1 Introduction…………………………………………………………………………………..35 
2.2 Experiment 1a………………………………………………………………………………...37 

2.2.1 Method………………………………………………………………………….….39 
2.2.1.1 Participants…….........................................................................................39 
2.2.1.2 Stimuli………............................................................................................39 
2.2.1.3 Task…..................................................................................……………..40 

2.2.2 Results and discussion…..........................................................................................42 
2.3 Experiment 1b……..................................................................................................................43 

2.3.1 Method………..........................................................................................................43 
2.3.1.1 Participants.................................................................................................43 
2.3.1.2 Stimuli……................................................................................................43 
2.3.1.3 Task…........................................................................................................43 

2.3.2 Results and discussion……......................................................................................44 
2.4 Experiment 1c……………......................................................................................................45 

2.4.1 Method......................................................................................................................45 
2.4.1.1 Participants.................................................................................................45 
2.4.1.2 Stimuli........................................................................................................45 
2.4.1.3 Task……....................................................................................................46 

2.4.2 Results and discussion..............................................................................................46 
2.5 Conclusion…...........................................................................................................................47 
 
CHAPTER 3: LONGITUDINAL CORPUS STUDY OF OVERREGULARIZATIONS………50 
3.1 Introduction..............................................................................................................................50 

 
 

 



 7 

TABLE OF CONTENTS – continued 
 
3.2 Predictors of Past Tense Overregularization……....................................................................51 

3.2.1 Age, MLU, and type-token ratio...............................................................................51 
3.2.2 Lexical frequency......................................................................................................52 
3.2.3 Vocabulary size.........................................................................................................53 
3.2.4 Phonotactic probability and neighborhood density...................................................54 
3.2.5 Internal phonological patterns...................................................................................56 

3.3 Summary..................................................................................................................................58 
3.4 Method ....................................................................................................................................59 
  3.4.1 Analysis ....................................................................................................................60 
   3.4.1.1 Overregularization analysis procedure............................................................60 
  3.4.1.2 Age, mean length of utterance, and type-token ratio……………………......61 
  3.4.1.3 Verb class........................................................................................................62 
  3.4.1.4 Phonotactic probabilities.................................................................................63 
  3.4.1.5 Frequency........................................................................................................64 
  3.4.2 Model procedure.......................................................................................................66 
3.5 Results and Discussion............................................................................................................69 
  3.5.1 Adam overview........................................................................................................69 
  3.5.2 Sarah overview.........................................................................................................72 
  3.5.3 Overregularizations...................................................................................................73 
  3.5.4 Age, MLU, TTR and frequency ..............................................................................74 
  3.5.5 Phonological regularities……….............................................................................75 
  3.5.6 Neighborhood density…...........................................................................................77 
  3.5.7 Phonotactic probability…….....................................................................................77 
3.6 General Discussion…..............................................................................................................84 

 
CHAPTER 4: CONCLUSION......................................................................................................87 
4.1 Summary of Main Findings.....................................................................................................87 
4.2 What Can Perception Tell Us About Syntactic Categorization?.............................................87 
4.3 What Do Overregularizations Tell Us About Production?......................................................93 
4.4 Future Directions……….……………………........................................................................95 
4.5 Final Thoughts……….............................................................................................................97 

 
APPENDIX A: FREQUENCIES OF UNINFLECTED, ROOT FORMS AND CORRECT PAST 
TENSE FORMS OF THE VERBS INCLUDED IN THE BEHAVIORAL STUDY...................99 
APPENDIX B: ADAM AND SARAH’S BEST FITTING MODELS.......................................100 
APPENDIX C: SARAH’S 3-WAY INTERACTION BETWEEN BIPHONE PROBABILITY, 
MLU, AND COCA FREQUENCY…………………………………………………………….102 
REFERENCES…………………………………………………………………………………103 

 
  



 8 

LIST OF FIGURES 
 

Figure 1.  The overall correct rate of irregular verb production minus the overregularization 
  rate for Adam, Eve, and Sarah (Brown, 1973). Taken from Marcus et al.  
  1992........................................................................................................................33 
Figure 2.  Mean looking times (LT) for Experiment 1a with Standard Error.........................42 
Figure 3.  Mean looking times (LT) for Experiment 1b with Standard Error........................44 
Figure 4.  Mean looking times (LT) for Experiment 1c with Standard Error........................46 

 Figure 5. The R code for the full model for Adam and the combination of MLU and 
   production frequency.............................................................................................68 

Figure 6.  Adam’s average overregularization rate by COCA frequency..............................70 
Figure 7. Sarah’s average overregularization rate by COCA frequency...............................72 
Figure 8. Average overregularization rate over MLU for Adam and Sarah.........................75 
Figure 9. Average overregularization rates by verbs and verb class.....................................76 

 Figure 10. Adam’s 3-way interaction between age, COCA frequency, and segmental 
   positional probability.............................................................................................78 
 Figure 11. Adam’s 3-way interaction between age, COCA frequency, and biphone 
   probability..............................................................................................................81 
 Figure 12. Sarah’s 3-way interaction between biphone probability, age, and COCA 
   frequency................................................................................................................83 

 

 

 

 
 

  



 9 

LIST OF TABLES 
 
Table 1.  Illustration of accidental gaps in the child-directed speech of the Adam corpus  
  (Brown, 1973)………….......................................................................................26 
Table 2.  Stimuli used in Experiments 1a, 1b, and 1c ….....................................................40 

 Table 3.  Irregular verb classes based on phonological similarities (from Bybee & Slobin,  
   1982)…..................................................................................................................57 

Table 4.  Individual subject characteristics…………...............,,,,,,,,,,,,,,,,,,,,,,,.....................59 
 Table 5.  Irregular verbs found in the corpora, separated by Bybee & Slobin’s (1982)  
   classes……………………………………………………………………………62 
 Table 6. Number of tokens in each verb class by subject..……..........................................63 
 Table 7. Example of model comparison after removing 3-way interactions…..............….69 
 Table 8.  Estimated fixed effects coefficients, standard errors, and 95% confidence intervals  
   for Adam’s best fitting model with COCA frequency……...................................71 
 Table 9. Estimated fixed effects coefficients, standard errors, and 95% confidence intervals  
   for Sarah’s best fitting model with COCA frequency.......................................…73 
 Table 10.  Overregularization rates for each child…………..................................................74 
 Table 11.  Comparison between OR in corpus versus Bybee & Slobin (1982) behavioral  

  study.......................................................................................................................77 
 
 
 
  



 10 

ABSTRACT 

 To learn a language, children must go beyond simply imitating speech and learn the rules 

of the language from their surrounding linguistic environment. One way to tell that children learn 

rules is that they apply rules to an overly broad set of words. For example, English-learning 

children produce forms like ‘breaked’ or ‘catched’ at around 3 years of age. These forms, called 

past tense overregularizations, show that children have implicitly discovered the past tense 

formation rule: namely, “add ‘–ed’ to a verb to create the past tense.” But does it take children 

until age 3 to discover such rules? 

This dissertation combines a behavioral study with 16-month-olds and a corpus analysis 

of longitudinal, spontaneous child speech to achieve two goals: the first is to seek evidence that 

the past tense rule can be found in 16-month-olds, which would be consistent with many 

observations that children display significant receptive abilities long before their productive 

abilities reach the same level. The second goal is to determine if the production of past tense 

overregularizations can be explained by factors other than the discovery of a grammatical rule. 

Results indicate that children have enough experience with English by 16 months of age 

to represent VERB + ‘–ed’ months before they begin to overregularize in production; therefore, 

production does not seem to reflect when the past tense rule actually comes online. 16-month-

olds were able to discriminate between overregularized verbs and 1) their correct counterparts, 2) 

nonce verbs + ‘–ed’, and 3) English noun stems marked with ‘–ed’. Further, overregularizations 

in production seem to reflect children's need to simplify their utterances as they attempt to say 

more and more complex sentences. 
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CHAPTER 1: ENGLISH PAST TENSE OVERREGULARIZATIONS 

1.1 Introduction 

The fundamental problem of learning a language is generalizing beyond the input to which the 

learner is exposed to the proper level of abstraction (Chomsky, 1959). That is, children must 

implicitly learn the rules or abstract regularities of their language in order to be able to deploy 

them to communicate novel thoughts and ideas, as well as to understand incoming novel 

thoughts and ideas. In the language acquisition literature on children learning English, a 

ubiquitous developmental phenomenon is the overregularization of the regular past tense 

morpheme ‘–ed’, which creates productions such as ‘breaked’ (Brown, 1973; Bybee & Slobin, 

1982; Cazden, 1968, Kuczaj, 1977; Plunkett & Marchman, 1991). Children also famously apply 

‘–ed’ to novel verb forms to indicate the past tense (e.g. ‘rick–ed’; Berko, 1958). This example 

of linguistic creativity by children, along with many others, demonstrates that young language 

learners are not simply imitating the speech of their caregivers, since adults rarely overregularize 

(Chomsky, 1959; Marcus et al., 1992; Pinker, 1991; Xu & Pinker, 1995). Instead, these 

formulations exhibit children’s ability to solve the aforementioned learning problem (Brown, 

1973; Marcus et al., 1992; Pinker, 1991; Xu & Pinker, 1995).  

 The standard presentation of overregularization of the English past tense is that it is a 

distinct second stage of children’s language development within a three-stage U-SHAPED 

LEARNING FUNCTION (Cazden, 1968; Pinker & Prince, 1988; Plunkett & Marchman, 1991; 1993; 

Rumelhart & McClelland, 1986; 1994). The U-shaped learning function is taken by some to 

indicate an early period of rote learning of past tense forms of irregular verbs, followed by 

learning a rule governing the use of the ‘–ed’ morpheme (during which overgeneralization 

occurs), then rote re-learning of irregulars. The pattern of correct irregular productions versus 



 12 

overregularized past tense productions over time resembles a ‘U’ when it is represented 

graphically. Other researchers (Rumelhart & McClelland, 1986; Tomasello, 2000a, 2000b) do 

not view the transition period between correct productions and overregularizations as reflecting 

the learning of an explicit rule per se, but a period during which the child nevertheless begins to 

generalize across specific verbs. Importantly, for this dissertation, regardless of whether a 

researcher believes in mental rules1, those who have studied overregularization suggest that these 

overregularized productions reflect a period of transition or re-organization of a child’s 

morphosyntactic system.  

Despite extensive work on the qualitative and quantitative nature of English past tense 

production (see Marcus et al., 1992 for a review), there has been little done on the perception of 

past tense forms, and perceptual discrimination is an important, oft-overlooked part of language 

development. Research shows that infants can discriminate grammatical morphemes and are 

engaged in surprisingly sophisticated linguistic analysis before they produce any meaningful 

linguistic combinations (Golinkoff, Hirsh-Pasek, & Schweisguth, 2001; Höhle, Weissenborn, 

Kiefer, Schulz, & Schmitz, 2004; Kedar, Casasola, & Lust, 2006; Shady, Gerken, & Jusczyk 

1995; Soderstrom, White, Conwell, & Morgan 2007). For example, in different experimental 

tasks, sentence processing breaks down when infants are presented with free or bound 

morphemes in combination with an incorrect form class (e.g. a verb incorrectly co-occurring 

with ‘–ly’; Gerken & McIntosh, 1993; Golinkoff et al., 2001; Kedar et al., 2006; Shady & 

Gerken, 1999; Soderstrom, White, Conwell, & Morgan, 2007). Given infants’ early grammatical 

abilities in receptive language, an important question becomes what tacit knowledge infants have 

about the English past tense morpheme before production of overregularized forms. For 

                                                
1 For the purposes of this dissertation, I will refer to ‘rules’.  
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example, is it possible that children have already discovered that ‘–ed’ attaches to verbs in 

English by the time they overregularize in production? Thus, the first goal of this dissertation is 

to ask whether children early in their second year of life and before production of 

overregularizations show evidence of tacit knowledge that ‘–ed’ attaches to verb stems. 

The second goal of the dissertation arises from existing observations of past tense 

overregularization in production. Briefly, if overregularization reflects a newly discovered 

morphosyntactic regularity, children should overregularize all or most irregular verbs, but the 

data suggest that they only overregularize about 4% of them. Moreover, the rate of 

overregularization should not be affected by factors outside of morphosyntax, but a number of 

studies suggest that phonological and lexical factors influence the likelihood that children will 

overregularize. Both observations suggest that past tense overregularization in production 

deserves a second look. In addition to complications introduced by the production data, a 

positive finding from the perception part of the dissertation would also suggest that the 

production pattern of overregularized past tense forms may not mark children’s initial discovery 

of the past tense rule or a reorganization of the morphosyntactic system. Thus, the second goal of 

the dissertation is to ask how should we interpret children’s overregularized formulations in 

production, and more specifically, how should we interpret the purported U-shaped learning 

curve?  

The structure of this chapter is as follows: First I will review the literature on English past 

tense development (Section 1). I will explore the feasibility of hypothesizing past tense rule 

formation at an earlier stage of development and provide evidence that children can detect 

certain structural properties of their language in early perception (1.1). I will then discuss the 

productive abilities of children related to the past tense rule (1.2). Finally, I will summarize the 
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current problem and outline the main questions this dissertation will answer in the subsequent 

chapters (Section 2).  

1.2 English Past Tense Development 

The prevailing description of overregularization of the English past tense is that it is a 

distinctive intermediate stage of children’s language development within a U-shaped learning 

function (Cazden, 1968; Pinker & Prince, 1988; Plunkett & Marchman, 1991; 1993; Rumelhart 

& McClelland, 1994). Following Marcus et al. (1992)—and Cazden (1968) and Rumelhart and 

McClelland (1986) before them–this function refers to a “transition from a period in which past 

tense forms are marked correctly whenever they are marked at all to a period in which some 

overregularization errors occur as well” (p. 40). That is, the U-shaped learning function has been 

taken to indicate an early period of rote learning of past tense forms of irregular verbs, followed 

by rule learning of the ‘–ed’ morpheme during which overgeneralization occurs. However, this 

function is based entirely on production data. I will argue here that focusing on only one 

modality obscures morphosyntactic abilities, in general, and knowledge about the ‘–ed’ 

morpheme, specifically.  

1.2.1 Perception 

The notion that English-learning children have tacit knowledge that ‘–ed’ attaches to verb 

stems before they produce morphologically complex utterances entails children having two types 

of abilities. The first is the ability to perceive and analyze the patterns of occurrence of closed 

class or grammatical morphemes, such as determiners, auxiliary verbs, and verb inflections.  The 

second ability is to sort open class or content words into basic categories2, such as NOUN and 

VERB.  

                                                
2 I will define ‘category’ as a group of words that appear in similar distributional contexts, e.g. the category of 
‘noun’ includes words that can follow determiners, serve as the subject of a sentence, etc. 
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In this section, I will review the existing literature for both perceptual abilities.  

1.2.1.1 Perceptual discrimination of grammatical morphemes. Let us begin by 

considering the perception of grammatical morphemes. An established characteristic of 

children’s earliest utterances is that these productions are shorter and often missing grammatical 

morphology until the third year of life or later (Brown, 1973). However, learners who are not yet 

using these grammatical morphemes in production nonetheless show discrimination of these 

morphemes in perception. Children can start acquiring grammatical morphemes from birth, 

utilizing frequency and sound cues to segment and identify them. Shi, Werker, and Morgan 

(1999) tested 1- to 3-day-old infants in a high-amplitude sucking procedure and found that 

newborns could use distributional, phonological, and acoustical cues in the input to categorize 

grammatical versus content items because grammatical items are usually composed of fewer 

syllables and have weaker prosody than content items (Shi et al., 1998). Shi and colleagues 

(1998) found that infant-directed speech in Mandarin and Turkish, two typologically different 

languages, contained distributional, phonological, and acoustic cues robust enough to distinguish 

between content and grammatical morphemes. Further, Shi & Werker (2001, 2003) found that 6-

month-old English- and Chinese-acquiring infants could discriminate English grammatical and 

content items in a preferential looking procedure. By the age of 8 months, infants can segment 

the speech stream based on transitional probabilities (Saffran et al., 1996; Aslin et al., 1998) and 

identify free grammatical morphemes (e.g. Höhle & Weissenborn, 2003; Shafer, Shucard, 

Shucard, & Gerken, 1998; Shi, Cutler, Werker, & Cruickshank, 2006; Shi & Lepage, 2008). 

 Once infants can distinguish between content and grammatical morphemes and segment 

the speech stream, they begin to assign items to refined distributional categories. In different 

experimental tasks, sentence processing has been shown to break down when infants are 
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presented with free or bound grammatical morphemes whose distributions in a sentence are 

manipulated in various ungrammatical ways (Golinkoff et al., 2001; Kedar, Casasola, & Lust, 

2006). For instance, by 10-months-old, infants detect changes in word order of determiner-noun 

sequences (Shady, Gerken, Jusczyk, 1995) and 16-month-old English-learning infants can detect 

an erroneously placed grammatical morpheme within a sentence (Shady, 1996). Further, by 11-

months-old, French-acquiring infants can encode bare roots and inflected variants as related 

forms (Marquis & Shi, 2012). By 12-months-old, infants can abstract form-based categories 

from the speech stream (Gómez & Lakusta, 2004). By 13-months-old, English-acquiring infants 

have stored free grammatical morphemes and have phonetically full representations (Shi et al., 

2006). By 14-16-months old, German-acquiring infants can use adjacent determiners to classify 

novel nouns (Höhle et al., 2004). By 15-months-old, English-acquiring infants segment ‘–ing’ 

from words that end in this sequence (Mintz, 2004; Mintz, 2013). At 17-months-old, English-

acquiring infants can discern a Russian gender category structure with which they have had two 

minutes of familiarization (Gerken, Wilson, & Lewis, 2005). At 18-months-old, infants can track 

the long-distance dependency between the auxiliary ‘is’ and a main verb with the ending ‘–ing’ 

(Santelmann & Jusczyk, 1998). Taken together, these results stand as convincing evidence that 

infants have early receptive knowledge of the structural properties of free and bound 

grammatical morphemes, suggesting that children can discriminate grammatical morphemes 

before they are capable of reliably producing them.   

 1.2.1.2 Perceptual discrimination of syntactic categories. Turning now to the existing 

evidence that children can discriminate syntactic categories like NOUN and VERB in perception, 

let us begin with a brief discussion of the competing theoretical positions on this topic, since 

these positions have influenced how the field looks for evidence of syntactic categories in early 
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language. One view of syntactic categories is that, since certain grammatical relationships appear 

to be important in all languages (e.g. subject of the sentence, verb of the verb phrase, etc.), 

humans may be born expecting their linguistic input to exhibit these categories, and language 

development entails linking the preexisting categories with the words and phrases in the learner’s 

input (e.g. Pinker, 1984; Valian, 1986). One approach to linking these innate categories to the 

words available in the linguistic environment that has been proposed entails children having 

preexisting expectations about the connection between certain kinds of meanings and certain 

syntactic categories (Grimshaw, 1981; Pinker, 1984). Simplified, this Semantic Bootstrapping 

view holds that children are born expecting that words referring to objects are nouns and words 

referring to actions are verbs. Having established some basic lexical items (e.g. ‘dog’, ‘play’) 

based on these expectations, later, children can infer the categories of more abstract words (e.g. 

‘beauty’, ‘feel’) by noting their distributional properties within a sentence. For example, 

members of the syntactic category NOUN tend to co-occur with determiners and members of the 

syntactic category VERB tend to co-occur with auxiliaries and inflections like ‘–ing’ and ‘–ed’. 

The important point about Semantic Bootstrapping accounts from the perspective of this 

dissertation is that, although this account posits innate knowledge of categories, the main 

evidence employed to demonstrate tacit knowledge of syntactic categories requires correct 

inference of the semantic reference of novel terms. For example, proponents of Semantic 

Bootstrapping look for an indication that children show evidence of knowing the syntactic 

categories of words that refer to objects or actions sooner than words that refer to more abstract 

properties, like verbs of perception or cognition (e.g. Gleitman, Cassidy, Nappa, Papafragou & 

Trueswell, 2005). They are not looking for evidence that children understand the difference 

between, for example, intransitive, transitive, and ditransitive sentence structures without also 
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looking for evidence of referential knowledge.  

Whereas Semantic Bootstrapping holds that children have tacit knowledge of syntactic 

categories very early (from birth), another meaning or reference-based approach to categories 

posits late discovery of abstract syntactic categories. According to the Verb Island Hypothesis, 

early grammars are constructed on a verb-by-verb basis, and when verbal grammatical 

morphemes emerge (e.g. the past tense ‘–ed’ morpheme), these morphemes are not evenly 

distributed across all verbs (Bloom et al., 1980; Tomasello, 1992; 2000a; 2000b). Instead, 

children’s accuracy and productivity with grammatical morphemes increases as a function of 

language experience, and thus, variability in individual children’s use of grammatical 

morphemes can be explained in the variability of exposure to the form and the child’s ability to 

extract patterns to formulate some internal grammatical rule and eventually form an abstract 

syntactic category (Tomasello, 2000a; 2000b). Similar limited-in-scope constructions have been 

found with the use of determiners (e.g. Pine & Lieven, 1997; Pine & Martindale, 1996; Pine et 

al., 2013; cf Valian, 1986). Pine and Lieven (1997) found that there was nearly no overlap 

between the set of nouns 2- and 3-year-olds used with the determiner ‘a’ and the determiner 

‘the’, suggesting the children did not have an abstract representation of DETERMINER; rather, 

individual children learned item-based constructions from their environment. Supporters of this 

item-based nature of syntactic category acquisition tend to look for evidence of children’s lack of 

early syntactic knowledge in their failure to generalize a newly learned verb (or noun, or 

determiner, etc.) to other relevant referential situations and failure to employ a verb in all 

sentence contexts in which it can occur.  

 A third position on the development of syntactic categories is that they are not necessarily 

innate, but that abstract syntactic categories are nevertheless part of children’s relatively early 
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tacit knowledge of their input. The general hypothesis of Distributionally Based Category 

Formation is that in natural languages, words that belong to the same syntactic category will 

appear in similar distributional patterns across utterances, and that this information is robust 

enough to be the foundation for the task of abstraction and the later development of more 

syntactically complex structures; the only ability that is innate is a predisposition to look for 

distributional patterns and form generalizations based on these patterns (e.g. Maratsos & 

Chalkley, 1980). For instance, a grammatical phrase (e.g. verb phrase or VP) contains predictive 

dependencies between its parts. The presence of the past tense ‘–ed’ marker, for example, signals 

the presence of a verb phrase (Gerken, 1994). Crucially, on this view, children are extracting 

structural properties of their language before they attach meaning to these units, in contrast to the 

Semantic Bootstrapping and Verb Island Hypothesis (Gerken et al., 2005; Gomez & Lakusta, 

2004). The distributional approach to syntactic category development is more amenable than 

Semantic Bootstrapping and the Verb Island Hypothesis to study in infants and young children 

because it does not require assessing their understanding of word reference, only the patterns in 

which words can and cannot occur.  

 There is rich evidence that the distributional information of grammatical elements is robust 

enough to help children acquire abstract representations of syntactic categories (Gerken, Landau, 

& Remez, 1990; Gerken & McIntosh, 1993; Maratsos & Chalkley, 1980). Studies of artificial 

language learning have shown that adults and infants are able to successfully track adjacent 

dependencies (e.g., Aslin, Saffran, & Newport, 1998; Reeder, Newport, & Aslin, 2013; Saffran, 

Aslin, & Newport, 1996; Saffran, Newport, & Aslin, 1996). Further, adults and infants, in the 

face of sufficient evidence in the input, naturally form categories based on distributional 

regularities (Gerken & McIntosh, 1993; Gómez & Gerken, 1999; Gómez & Lakusta, 2004; 
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Mintz, 2002; Morgan, Meir, & Newport, 1987). This ability and predisposition to track linguistic 

dependencies may be of great value to the child when they are bootstrapping distinct 

grammatical categories, and may be the reason children group words into different categories 

based on the immediately preceding or following element (e.g. Gerken & McIntosh, 1993; 

Gervain, Nespor, Mazuka, Horie, & Mehler, 2008; Kedar et al., 2006). Studies have also found 

that children track non-adjacent dependencies (e.g. ‘is V–ing’), utilizing them for categorization 

as well (e.g. Brown, 1973; Gómez, 2002; Gómez & Maye, 2005; van Heugten & Johnson, 2010) 

Finally, computational and statistical analyses of linguistic corpora show successful 

categorization of words based on distributional analyses alone (Chemla, Mintz, Bernal, & 

Christophe, 2009; Mintz, 2003; Mintz et al., 2002; St. Clair, Monaghan, & Christiansen, 2010). 

Taken together, it is plausible that children first utilize distributional information to categorize 

morphemes into different syntactic categories, without implicating reference. 

Several types of evidence support the view that young children use distributional 

information to differentiate among words of different syntactic categories before attaching 

meaning to these units. One type of evidence is that children’s comprehension relies on 

grammatical morphemes appearing in certain structural relationships, and comprehension seems 

to be disrupted when children are presented with violations of these co-occurrences (Gerken, et 

al., 1990; Höhle et al., 2004; Höhle & Weissenborn, 2003; Kedar, et al., 2006; Nazzi, Barriere, 

Goyet, Kresh, & Legendre, 2011; Santelmann & Jusyzk, 1998; Shady & Gerken, 1999; Shafer et 

al., 1998; Shi et al, 2006; Soderstrom et al., 2007). For example, Gerken and McIntosh (1993) 

utilized a picture-pointing task with children ranging in age from 21 to 28 months (m = 25). They 

asked children to point to a picture representing a target word. Target words were presented in 4 

contexts: (1) preceded by an article that was grammatical in that context (‘Find the bird for me’), 
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(2) no grammatical morpheme (‘Find bird for me’), (3) an auxiliary that was not grammatical in 

the context (‘Find was bird for me’), and (4) a nonsense syllable (‘Find gub bird for me’). 

Children distinguished grammatical articles from both ungrammatical auxiliaries and nonsense 

syllables. Children were more likely to choose a named picture if the target word was preceded 

by a grammatical and appropriate morpheme (i.e. ‘the’), indicating that comprehension was 

disrupted when either an ungrammatical morpheme or nonsense syllable were present. There was 

no significant difference in performance if the target word was preceded by a grammatical and 

appropriate morpheme or no morpheme at all, suggesting that children are still open to the 

possibility that a morpheme is non-obligatory. 

Modeled after Gerken and McIntosh (1993), Golinkoff, Hirsh-Pasek, and Schweisguth 

(2001) used the intermodal preferential looking paradigm to examine children’s distributional 

knowledge of morphemes before their appearance in speech production. Toddlers aged 18 to 21 

months were randomly assigned to one of three conditions: utterances describing dynamic events 

using familiar verb stems with (1) grammatical (‘–ing’), (2) ungrammatical (‘–ly’), or (3) 

nonsense (‘–lu’) endings. The ungrammatical condition used an incorrect but real morpheme of 

English in its correct position (i.e. ‘–ly’ does not attach to verbs, but it does attach to the end of a 

word) unlike Gerken and McIntosh’s ungrammatical condition, which used a real morpheme in 

the wrong position of the sentence (i.e. an auxiliary was placed before a noun). Children 

discriminated between morphemes that were used correctly (i.e. (‘–ing’) and those that were 

used incorrectly (i.e. ‘–ly’). In the ‘–ly’condition, children’s comprehension was disrupted in the 

first trial, but recovered for the last three trials, suggesting the children detected a mismatch 

between the type of stem and the type of morpheme—knowledge that comes along with knowing 

the distributional properties of a given category. Further, comprehension completely broke down 
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in the condition with a nonsense syllable (i.e. ‘–lu) suggesting that the discrimination of ‘–ing’ 

and ‘–ly’ was based on the knowledge that these two bound morphemes are English morphemes, 

while ‘–lu’ is not.  

The research outlined above is consistent with the notion that, by at least 18 months, 

children employ distributional information to segregate the words they hear into proto-syntactic 

categories. This supports the idea that children never use referential cues to the exclusion of 

distributional cues, like the Semantic Bootstrapping hypothesis proposes (Pinker, 1984). 

However, the data does not prove that distributional cues can be used at the exclusion of 

referential cues since the studies discussed thus far have employed sentence interpretation 

(picture selection) as the dependent variable. It is possible that children use the referents shown 

in the experiment to detect a mismatch between what picture they are asked to point to or look at 

and the form of the sentence. For example, in the ungrammatical sentence, ‘Find was bird for 

me’, a child who sees a bird as one of the picture choices might infer that they are being asked to 

find the bird, but be subsequently distracted or confused by the presence of the unexpected word 

‘was’. Therefore, these studies leave open the possibility that children use referential cues 

instead of, or in addition to, distributional cues for category differentiation.  

Two lines of research, both using form-only discrimination and not interpretation, 

indicate sentence or word meaning is not crucial. In one line, a subset of the distributional cues 

from the child’s own language are presented with novel nouns or verbs. For example, 14- to16-

month-old German-learning toddlers can use adjacent determiners to treat novel words as 

belonging to a distributionally-defined class (Höhle et al., 2004). Children were exposed to a 

familiarization phase with either determiner-pseudoword sequences (noun context) or pronoun-

pseudoword (verb context) sequences. During test, all toddlers heard two types of passages: 
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pseudowords used in new distributional contexts consistent with German nouns and 

pseudowords used in distributional contexts consistent with German verbs. Thus, half of the test 

passages were inconsistent with the sequences with which each toddler was familiarized. There 

were no other cues to category (e.g. phonotactic, etc.) beyond the distributional context, and the 

grammatical morphemes used during familiarization were not used at test. The children who 

were familiarized with determiner-pseudoword sequences showed a novelty preference for the 

passages with pseudowords used in verb contexts, suggesting the pseudowords appeared in 

distributional contexts the toddlers did not expect. No such effect was found in toddlers who 

were familiarized with pronoun-pseudoword sequences. A similar study was conducted with 

French-learning 14-month-olds (Shi & Melaçon, 2010), and the results presented a similar 

picture: toddlers were able to discriminate determiner-pseudoword from pronoun-pseudoword 

test sequences when they were familiarized with determiner-pseudoword sequences, but not 

when they were familiarized with pronoun-pseudoword sequences. The asymmetry in the pattern 

of results in these two studies might indicate that noun contexts are discovered earlier than verb 

contexts. Or, the asymmetry might indicate that different grammatical morphemes in different 

languages may be more or less reliable predictors of the category membership of co-occurring 

nouns and verbs. In support of the latter view, the indefinite article in German is followed by a 

noun more often than not, while the personal subject pronoun in German can precede members 

of the grammatical categories of VERB, NOUN, ADVERB, OR DETERMINER (Höhle et al., 2004). 

Thus, it seems likely that the personal pronoun context is a less reliable cue to grammatical 

category than the indefinite article context, at least in German.  

In a second line of research, 17-month-old English-learners were presented with a 

Russian gender paradigm in which masculine nouns were presented with two case markers and 
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feminine nouns with two different case markers. Crucially, some noun-case marker pairs were 

withheld, and children were tested on their discrimination of the withheld pairs versus 

ungrammatical pairs (e.g., feminine noun with masculine case marker; Gerken, et al., 2005). 17-

month-olds were indeed able to discriminate, and since English-learning infants have no word-to 

world connections for Russian, they did so without referential information. Taken together, these 

studies suggest that children are able to use distributional contexts in the absence of reference to 

segregate words into proto-categories. These results do not completely rule out Semantic 

Bootstrapping as a potential mechanism at play in early syntactic categorization, but they suggest 

that referential and distributional cues can be used by children independent of referential 

information. 

1.2.1.3. How do learners treat gaps in morphosyntactic paradigms? The three studies just 

outlined suggest that the elements (primarily grammatical morphemes) that make up particular 

distributional contexts (e.g., ‘–ing’ attaches to verb stems only) are treated by young children as 

highly associated. By conjecture, the words that co-occur with these highly associated contexts 

are themselves associated, and the latter association is the essence of syntactic categories (Höhle 

et al., 2004; Shi & Melançon, 2010). For example, on the distributional account, 'the' and 'a' are 

associated with both 'cookie' and 'dog', which potentially allow 'cookie' and 'dog' to be associated 

with each other at the level of lexical categories. One predicament of the distributional account is 

that different nouns and verbs can each occur in slightly different distributional contexts (Pinker, 

1987). For example, the noun ‘paint’ can occur with 'some' and 'the' but not ‘a,’ whereas ‘cookie’ 

can occur with ‘the’ and ‘a’ but not ‘some’. Are mass nouns like ‘paint’ treated as belonging to a 

different proto-category than count nouns like ‘cookie’? Similarly, are regular verbs like ‘kick’, 

which can occur with ‘–ing’, ‘–s’, and ‘–ed’, treated differently than irregular verbs like ‘break’, 
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which do not occur with ‘–ed’? These non-accidental gaps in the distributional paradigms of 

forms like ‘kick’ and ‘break’ are linguistically-motivated: the differences are a result of 

language-based inconsistencies in the grammar. For example, ‘kick’ and ‘break’ both belong to 

the category of VERB, but ‘break’ appears in fewer distributional contexts (i.e., it cannot co-occur 

with ‘–ed’, while ‘kick’ can). Meanwhile, children are also exposed to accidental gaps in 

distributional paradigms, which are chance-based: even though ‘kick’ can co-occur with ‘–ed’ to 

make ‘kicked’, it is possible that a given child language learner is not exposed to any examples 

of ‘kicked’ by pure coincidence. As an illustration, I did an analysis of the Adam corpus (Brown, 

1973) from the CHILDES database (MacWhinney, 2000). I looked at common verbs understood 

by 16-month-olds (per the MacArthur CDI; Dale & Fenson, 1994) and investigated the 

morphemic contexts in which they appear in child-directed speech. From the data in Table 1, it is 

reasonable to assume that children are exposed to many accidental gaps. For instance, while 

Adam was exposed to ‘dance’ + ‘–s’ and ‘dance’ + ‘–ing’, he was never exposed to ‘dance’ + ‘–

ed’, even though it is a legal co-occurrence in English: it is accidently missing from Adam’s 

input. 
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Table 1. Illustration of accidental gaps in the child-directed speech of the Adam corpus (Brown, 
1973) 

 
 -ed -ing -s 
break 0 8 1 
bring 0 3 0 
catch 0 2 0 
close 7 0 0 
cry 0 24 2 
dance 0 12 1 
drink 0 9 4 
fall 0 5 5 
finish 70 1 0 
help 0 1 2 
hug 5 0 0 
jump 5 6 2 
kick 2 1 0 
kiss 0 1 0 
love 0 0 1 
look 12 64 113 
open 6 4 6 
play 12 81 7 
run 0 5 1 
take 0 29 15 
throw 0 7 3 

 
This question of linguistically-motivated gaps versus accidental gaps in distributional 

paradigms frequently plagues computational models of distributionally-based grammatical 

category learning, because it is not clear from the context how many categories should be 

distinguished. For example, Chemla and colleagues (2009) investigated the categorization 

efficacy of FRAMES—the distributional environment consisting of two context words with an 

intervening target word, i.e. [A x B]—in child-directed French. Using the Champaud (1988) 

corpus from the CHILDES database (MacWhinney, 2000), the researchers found that frames in 

the Mother’s speech were accurate in their syntactic categorization of French content words 

significantly above chance. However, COMPLETENESS—the degree to which the analysis grouped 

together words that belong to the same syntactic category—decreased when the number of 
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different frames increased. That is, several frames capture nouns (e.g. la x de, which captures 

feminine nouns, and le x de which captures masculine nouns, etc.), and each frame creates a new, 

separate syntactic category for noun. This captures the problem also faced by children in a real 

language learning situation. 

How do children handle gaps in the forms they detect from the available input about 

morphosyntactic paradigms? One possibility is that they are conservative and keep these two 

sub-categories separate. If they do, they would seem to face the same problem faced by 

computational models that use distributional information to segregate input in proto-categories 

(e.g. Chemla et al., 2009). If this were the case, children have semantic gaps in their lexicon to 

fill because they would not recognize that ‘broke’ is the past tense of ‘break’. Such a 

conservative stance should also entail that Adam would not think that 'danced' exists in English. 

Children's overregularization of English past tense verbs suggests that they include irregular 

verbs in the larger category VERB, around 3;0, but perhaps not before.  

 The other possibility is that children treat distributional contexts as sufficiently reliable to 

predict that, if they have heard an irregular verb like ‘breaking’, they tacitly assume that ‘break’ 

behaves like other words ending in ‘–ing’ and can therefore also end in ‘–ed’. There is reason to 

believe children would not be conservative in their approach. Hudson, Kam, & Newport (2005) 

taught 5- to 7-year-old children an artificial language with built-in inconsistencies in the 

appearance of determiners within the noun phrase to create accidental gaps in the input. For 

example, the non-word /lædnʌ/ appears with a determiner 44% of the time, while /flɛɹbɪt/ 

appears with a determiner 78% of the time. The researchers found that the children, in the face of 

inconsistent input, would either systematically use determiners everywhere or systematically 

omit them everywhere. That is, children overregularized the inconsistent pattern with which they 
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were presented. Such an early liberal approach would allow children to initially form robust 

general categories and clean up the exceptions later, perhaps, in this case, when the semantic 

relations between different forms like ‘break’ and ‘broke’ become clear. Such a liberal stance 

should also allow Adam to treat 'danced' as a form that exists in English. 

 With regard to the English past tense in particular, it has been suggested that children are 

initially conservative and fail to treat irregular verbs like ‘break’ as belonging to the same class 

as regular verbs like ‘kick’. Evidence for this view is the U-shaped curve in production described 

earlier, in which children appear to go through a period in production of first producing the 

correct past tense form for irregular verbs, followed by a period of overregularization starting at 

about 2-3-years-old (e.g. ‘breaked’ for ‘broke’; Brown, 1973). However, given the data reviewed 

above suggesting that children several months younger than 2 years of age are able to group 

words based on their distributional contexts, the production data may reflect some process other 

than one of syntactic categorization.   

 1.2.1.4 Summary of perception. Children exhibit a remarkable ability to implicitly learn 

structural properties of their language very early in life. The literature shows that children have 

already developed the perceptual knowledge of grammatical morphemes necessary for acquiring 

a relationship such as VERB + ‘–ed’, as well as the ability to discriminate this relationship in 

perception a year before they begin to produce overregularizations. Specifically, before the end 

of the second year of life, children recognize and analyze the patterns of occurrence of 

grammatical morphemes as well as divide content words into basic abstract categories such as 

NOUN and VERB. There are three competing theoretical positions on the topic of syntactic 

category acquisition—Semantic Bootstrapping, the Verb Island Hypothesis (or similar piecemeal 

approaches), and Distributionally Based Category Formation—which have influenced the way 
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the field looks for evidence of syntactic categories in early language. For proponents of Semantic 

Bootstrapping and the Verb Island Hypothesis, the main evidence employed to demonstrate tacit 

knowledge of syntactic categories is semantic reference; proponents of both theories believe that 

learning does not begin in the absence of a referential link. For proponents of Distributionally 

Based Category Formation, the main evidence employed is knowledge of distributional patterns, 

since proponents argue children are extracting structural properties of their language before they 

attach meaning to these units. Ultimately, determining whether children’s early productions 

represent abstract syntax (via reference or distribution) or are item-specific chunks has posed a 

major challenge to language acquisition researchers (Shi, 2014). Evidence as to whether children 

can recognize the VERB + ‘–ed’ structure of the English past tense before they produce 

overregularized forms would contribute to the debate over syntactic categorization and at the 

very least suggest relatively early tacit knowledge of syntactic categories because the application 

of the VERB + ‘–ed’ rule entails the existence of an abstract grammatical category of VERB 

because children do not mistakenly add ‘–ed’ to members of other grammatical categories. It 

would also suggest that children are initially liberal and treat irregular verbs like ‘break’ as 

belonging to the same class as regular verbs like ‘kick’. I will explore this possibility in Chapter 

2.  

1.2.2. Production 

 1.2.2.1 Developmental trajectory. To date, the best estimate of the developmental 

trajectory of past tense development is based on the canonical work of Roger Brown with the 

children Adam, Sarah, and Eve (1973). Based on Brown’s work, it is generally thought that 

children start marking the past tense in productions at around two years. In their first past tense 

productions, both regular and irregular verbs are used correctly (Kuczaj, 1977; Rumelhart & 
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McClelland, 1986). There are many productions of unmarked verbs (Marcus, 2000; Pinker, 

1991), and there is little or no evidence of productivity, since children do not extend the past 

tense ‘–ed’ morpheme to novel forms (Marchman and Bates, 1994). This observation has led to 

the characterization of children’s earliest utterances as imitative and morphologically unanalyzed 

by proponents of the Verb Island Hypothesis and other piece-meal approaches to acquisition (e.g. 

Bowerman, 1973; Pine & Lieven, 1997; Pine & Martindale, 1996; Pine et al., 2013; Tomasello, 

2000a; 2000b).   

Some time after children’s first past tense productions, many begin producing some 

overregularized verbs. For example, Adam and Sarah’s overregularization of the past tense 

began around 2;8 - 2;10 and continued until the last transcript, after 5;0. Eve, who is the most 

“precocious,” began to overregularize at around 1;7. Ultimately, productions of overregularized 

forms are highly dependent on the individual, but they typically occur before 3;0 (Brown, 1973, 

Cazden, 1968; Kuczaj, 1977; Kuczaj, 1978) and after an extended period of correct productions 

before the onset of overregularizations (Marcus et al., 1992).   

 Overregularizations are frequently used as a diagnostic tool to identify the acquisition of a 

linguistic rule since these formulations present a glimpse into the nature of underlying skills that 

constitute productive language use, specifically the ability to generate forms that are not heard in 

the input. This is not to say that overregularizations in production do not serve as evidence that 

children can generate forms that are not heard in the input: forms like ‘breaked’ and ‘catched’ do 

exactly that. Importantly, however, the second stage has long been taken to reflect a change in 

learners’ representation of their input, a change that reflects a newly emerging ability to 

generalize the past tense morpheme ‘–ed.’ I argue here that the data used to argue this in the past 

is the wrong data, not the wrong conclusion. For decades, regardless of the theory, these 



 31 

formulations have served as definitive proof that children have abstracted a rule (e.g. Marcus et 

al., 1999; Tomasello, 2000a, 2000b). Children who produce overregularized past tense forms are 

applying a linguistic rule: specifically, “add ‘–ed’ to the verb stem to create the past tense in 

English” to generate not-yet-heard forms. Further, when a child uses ‘–ed’ correctly with a 

regular verb, that child understands that verbs, not nouns, prepositions, or adjectives, take the 

past tense. Without a more abstract representation of VERB, children would not be able to 

correctly use these grammatical morphemes. For proponents of the Verb Island Hypothesis, this 

is definitive proof that children have an abstract representation of VERB; before the emergence of 

these formulations, they only have item-specific constructions, or ‘verb islands’ (Pine & 

Martindale, 1996; Pine & Lieven, 1997; Pine et al., 2013; Tomasello, 2000a, 2000b).  

 1.2.2.2 The problem. There are two substantial reasons to question the traditional account 

of overregularization, even if we ignore the perceptual evidence that children may discriminate 

the English past tense much earlier. The two crucial reasons concern the fact that (1) if 

overregularization reflects a newly discovered morphosyntactic regularity, children should 

overregularize all or most irregular verbs, and (2) the rate of overregularization should not be 

driven by factors outside of morphosyntax. Neither or these predictions are borne out. The stage 

of overregularization in production is extremely variable, and the correct use of irregular forms is 

never completely absent (Marcus et al., 1992; Xu & Pinker, 1995). Marcus et al. (1992) 

calculated the rates of past tense overregularization for 25 children whose transcripts were 

available in the CHILDES database, a collection of child speech corpora (MacWhinney, 2000). 

For each child, they found all instances of irregular verb production, both correct and 

overregularized: the median overregularization rate across the children was 2.5% and the average 

rate of overregularization was 4.2%. This overall low rate of overregularization suggests that any 
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wholesale description of past tense development as U-shaped is largely misleading. This is 

illustrated in Figure 1. The three graphs, taken from Marcus et al. (1992), show the overall 

correct rate of irregular verb production minus the overregularization rate over longitudinal child 

corpus data for Adam, Eve, and Sarah (Brown, 1973). As can be seen, the graphs do not show a 

canonical ‘U’ shape (Marcus et al., 1992). This does show, as proponents of the U-shape 

function argue, that the U-shape is quantitative evidence that child begin to overregularize after a 

demonstrable period of correct productions (Marcus et al., 1992). It does not prove, however, 

that there is a change to the child’s morphosyntactic system. Again, the overregularization of ‘–

ed’ does not appear on all or even most of irregular verbs in the child’s verb vocabulary. Instead, 

the graphs show only small dips from ceiling performance. So, instead of macro U-shaped 

development—which would be a transition to system-wide overgeneralization of the ‘–ed’ 

morpheme—we see micro U-shaped development, which happens on a smaller scale and for 

only a subset of verbs (Plunkett & Marchman, 1991; 1993). Moreover, the overregularization 

rates of irregular verbs differ with respect to each other and seem to be related to English 

phonological neighborhood structure (Marchman, 1997), lexical frequency (Bybee & Slobin, 

1982; Marchman, 1997; Marchman & Bates, 1992; Marcus et al., 1992), and age and linguistic 

sophistication of the child (Kuczaj, 1977). These two observations outlined above prompt me to 

seek an alternate mechanism to explain children’s overregularization in production, since U-

shaped development seems to be an oversimplified way to talk about something messy. In 

Chapter 3, I examine factors that have been observed to influence the rate of overregularization 

in order to find clues as to this mechanism. If an alternate mechanism for children's past tense 

overregularizations in production is supported, theories that have assumed that these 

overregularizations reflect the real-time discovery of the past tense rule (e.g., Verb Island 
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Hypothesis, Semantic Bootstrapping Hypothesis) will need to be reconsidered.  

 
 
Figure 1. The overall correct rate of irregular verb production minus the overregularization rate 
for Adam, Eve, and Sarah (Brown, 1973). Taken from Marcus et al. 1992 

 

 

1.2.2.3 Summary of production. The existence of the U-shaped learning trajectory of 

English past tense has largely been taken for granted. Years of research noting the phenomenon 

in naturalistic and experimental data have researchers assuming this U-shaped development is 

delineated by three stages, the intermediate of which is supposed to reflect the real-time 

discovery of a linguistic rule, resulting in a reorganization of the morphosyntactic system. The 

application of this rule entails the existence of an abstract syntactic category of VERB because 

children do not mistakenly add ‘–ed’ to members of other syntactic categories. However, given 
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infants’ notable receptive abilities, it is possible that overregularizations do not represent 

children’s initial discovery of the past tense rule. Further, the U-shape of the developmental 

curve may be an artifact of an amalgamation of child production data, instead of reflecting 

proper attention to the individual variability among children and among factors inherent to the 

verb that potentially drive overregularization in production. Crucially, the discovery of a 

linguistic rule that attaches ‘–ed’ to the members of the abstract category of VERB may not be as 

interlaced with overregularizations in production as the field has assumed for decades.  

1.3 Overview of the Dissertation  

 This chapter has provided an overview of the literature as a background and framework for 

two experiments on the development of the English past tense. As laid out above, this 

dissertation addresses several ongoing issues on the topic of language development, including: 1) 

the syntactic categorization debate and how grammatical morphemes fit into the discussion; 2) 

how to interpret production as reflecting a knowledge state; and 3) whether children are 

conservative or liberal in their generalizations and how that bears on theories of language 

development. The first experiment, described in the following chapter, focuses on English-

acquiring infants’ perception of overregularized past tense forms and concerns issues 1 and 3. 

Chapter 3 describes a corpus experiment that examines the developmental trajectory of past tense 

overregularizations in production, and concerns issues 1 and 2. Finally, Chapter 4 provides an 

overview of the results of both experiments, along with a discussion of the implications for past 

tense development specifically, and language learning, more generally. Future research 

directions are also discussed.   
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CHAPTER 2: BEHAVIORAL STUDY WITH 16-MONTH-OLDS 

2.1 Introduction 

This chapter and the experiments presented here address the issue of what grammatical 

morphemes can tell us about syntactic categorization and whether children are initially 

conservative or liberal in their generalizations about language. In English, the past tense is 

marked with the grammatical morpheme ‘–ed’ on a subset of members of the syntactic category 

VERB (i.e. regular verbs). The past tense ‘–ed’ morpheme does not appear with any other 

syntactic categories. Syntactic categories (e.g. nouns, verbs, adjectives, etc.) are the building 

blocks of language. Young language learners must work through the complicated linguistic task 

of partitioning the words they hear into category-like groupings. Further, they must be able to 

differentiate syntactic categories based on context, since many words do not belong to a single 

category (e.g., “That’s a nice comb”, “Let’s comb your hair”; Conwell & Morgan, 2012). But 

what kind of information do children use to distinguish between nouns and verbs?  

 I decided to take a new look at children’s predictions about the distributional contexts in 

which irregular verbs (i.e. those that do not take the past tense ‘–ed’ morpheme) can occur, 

focusing on children within the age range typically tested in syntactic categorization studies. At 

16 months of age, toddlers are not yet producing bound morphemes like ‘–ed’ in speech (Brown, 

1973; Santelmann & Jusczyk, 1998), but there is extensive evidence that they are segmenting 

bound morphemes from their host words (Mintz, 2013; Santelmann & Jusczyk, 1998; Shady, 

1996; Shady et al.,  1995; Soderstrom et al., 2007) and are sensitive to syntactic categories 

(Gerken & McIntosh, 1993; Gerken et al., 2005; Golinkoff et al., 2001; Kedar et al., 2006; Shady 

& Gerken, 1999; Soderstrom et al., 2007). Further, there is evidence that children initially form 

robust general syntactic categories and clean up the exceptions later (Hudson et al., 2005). The 
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syntactic category of VERB allows for an investigation of how young children treat exceptions to 

a rule.   

 In the experiments that follow, I examined whether 16-month-olds predict that previously 

heard irregular verbs should occur with the English grammatical morpheme ‘–ed’. That is, I 

asked whether I could find evidence that children are liberal in filling gaps in morphosyntactic 

paradigms. Do 16-month-olds treat the verbal morphemes ‘–ing’, ‘–s’, and ‘–ed’ as so strongly 

associated that all members of VERB take the ‘–ed’ morpheme? I reasoned that, if 16-month-olds 

indeed are filling in gaps in morphosyntactic paradigms and can predict the existence of past 

tense forms like ‘breaked’ and ‘catched’, they should, at the very least, discriminate these 

paradigm-completing yet never-heard-forms from other forms. Of course, toddlers might 

discriminate sets of linguistic forms for a variety of reasons, thus, the experiments reported in 

this chapter compared toddlers' abilities to discriminate overregularized past tense forms like 

‘breaked’ from three other types of forms. Experiment 1a examined whether toddlers could 

discriminate between overregularized verbs from their correct counterparts like ‘broke’.  

Discrimination in Experiment 1a might indicate that toddlers complete the paradigm and predict 

overregularized forms, or it might indicate that they simply discriminate between previously 

heard versus unheard forms. Therefore, Experiment 1b investigated whether toddlers could 

discriminate two previously unheard forms: overregularized verbs and nonce verbs marked for 

the past tense with ‘–ed’. Discrimination in Experiment 1b might support the view that toddlers 

predict overregularized forms as gaps in a morphosyntactic paradigm, or it might indicate that 

they discriminate previously heard parts (e.g., ‘break’ + ‘–ed’) from a combination of previously 

unheard plus heard parts (e.g., nonce word + ‘–ed’). Therefore, Experiment 1c investigated 

whether toddlers could discriminate two types of previously unheard stimuli, both of which 
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contained familiar parts: overregularized verbs versus English nouns + ‘–ed’. In all three 

experiments, toddlers not only discriminated, but they listened longer to overregularized verbs. 

Taken together, the experiments strongly suggest that 16-month-olds treat verbal morphemes 

(e.g., ‘–s’, ‘–ing’, ‘–ed’) as sufficiently associated that they expect that ‘–ed’ will apply to verbs 

to which they have never heard this morpheme applied.  

2.2 Experiment 1a 

In order to test toddlers’ predictions about the co-occurrence of ‘–ed’ and members of the 

category of VERB, I first compared overregularized past tense forms with their correct irregular 

verb forms. If there was a null effect, toddlers may not be registering any difference between the 

two sets of stimuli. I predicted, however, that these toddlers would discriminate between forms 

like ‘breaked’ and their correct irregular verb counterparts, like ‘broke’. Previous research 

suggests children prefer to listen to grammatical sentences—or sentences they incorrectly 

represent as grammatical, in this case—over sentences containing unfamiliar words (see 

discussion below). I hypothesized that toddlers would exhibit longer looking times for 

overregularized stimuli based on familiarity with the association between VERB + ‘–ed’ given 

distributional information—a preference reflecting the toddlers’ representation of English and a 

generalization that results in the filling of a gap in a morphosyntactic paradigm.  

Studies in which children’s own language is pitted against a modified version of that 

language typically show a familiarity preference (Houston-Price & Nakai, 2004; Jusczyk et al, 

1993; Jusczyk, Friederici, Wessels, Svenkerud, & Jusczyk, 1994; Santelmann & Jusczyk, 1998; 

Shady, 1996), while studies that familiarized children with novel stimuli have found a novelty 

preference. Höhle et al. (2004), for example, familiarized 14-16-month-old German-acquiring 

toddlers with determiner-pseudoword sequences and pronoun-pseudoword sequences, 
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representing distributional contexts congruent with NOUN and VERB, respectively. The 14-16-

month-olds familiarized with the novel determiner-pseudoword sequences listened longer during 

test to incongruous passages containing determiners co-occurring with verbs, not the nouns with 

which the children were familiarized (Höhle et al., 2004). Since Höhle et al. (2004) familiarized 

children with novel stimuli, it is hard to compare between their results and my current study. 

Specifically, my study does not include a familiarization phase. Instead, the infants’ linguistic 

environment serves as the familiarization. Thus, the results reported here are more comparable to 

the studies that show a familiarity preference (Jusczyk et al, 1993; Jusczyk, Luce, Charles-Luce, 

1994; Santelmann & Jusczyk, 1998).  

Irregular past tense verbs might be relatively rare in an infant’s experience compared to 

the uninflected, root form. The irregular verbs included in this study were all less common in 

spoken language than their uninflected, root form, with the exception of ‘caught’ (see Appendix 

A for frequencies; Davies, 2008). Therefore, if participants are able to tacitly infer that irregular 

verbs like ‘catch’ (incorrectly) co-occur with the past tense morpheme ‘-ed’, then forms like 

‘catched’ might sound more familiar than forms like ‘caught’. That is, if children are being 

liberal in their generalizations, and they have correctly categorized the irregular stem forms as 

VERB, as well as generalized the VERB + ‘–ed’ co-occurrence restriction, the novel 

overregularized forms should seem at least as familiar to the child as a ‘correct’ VERB + ‘–ed’ 

pair. I argue that the irregular past tense forms might be familiar, but not as familiar as the VERB 

+ ‘–ed’ sequence, which is overwhelmingly familiar from their general English input. Toddlers 

might then listen longer to the overregularized forms than the correct past tense forms. Thus, my 

hypothesis was that infants would attend longer to overregularized English verbs than their 

irregular, but correct, forms and exhibit a familiarity preference given their representation of 
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English. That is, toddlers would discriminate the past tense morpheme and liberally reason that 

its co-occurrence with the irregular verb form (e.g. ‘breaked’) is correct. 

2.2.1. Method 

2.2.1.1 Participants. 13 toddlers contributed data to this experiment (8 male, 5 female, 

mean age = 16.25). Participants were all from English speaking homes with no family history of 

speech, language, or hearing disorders. The toddlers tested did not produce any past tense 

verbs—correct or not. This was determined by a past tense questionnaire designed in-house. 

Parents/guardians were asked to indicate if their child produced any verb forms, including past 

tense forms and overregularizations (e.g. ‘catch’, ‘caught’, ‘catched’). An additional fifteen 

toddlers were excluded for the following reasons: fussiness (defined as crying or wiggling; n = 

10), the participant’s mean looking time was more than 2.5 standard deviations above the mean 

(n = 1), equipment or experimenter error (n = 1), and parental interference (i.e., the mother 

pointed; n = 1). 

2.2.1.2 Stimuli. The stimuli were the 16 sentences found in Table 2. Eight pairs of 

matched sentences were constructed: overregularized irregulars and their correct counterparts. 

The eight verbs were selected from the ‘Action Words’ section of the MacArthur 

Communicative Development Inventory: Toddler (CDI: Toddler; Dale & Fenson, 1996).3  

A female native speaker of American English produced auditory stimuli in child-directed 

speech in a sound-attenuated recording booth. All stimuli were recorded during the same 

recording session. The sentences were combined into blocks using Praat software (Boersma & 

Weenink, 2014). The relative speech rate of the verb to the rest of the sentence was the same. 

The shorter sentences were adjusted to have the same duration as their longer counterparts. The 

                                                
3 The phonotactic probabilities of each target verb were calculated using an online phonotactic probability calculator 
(Vitevich & Luce, 2004). There were no significant differences between the blocks of stimuli. 
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sentences were separated by pauses of 1000msec. The sentences had a duration of 1.875 seconds 

and each trial had a duration of 22 seconds. Two versions of each block were created with 

different orders of the sentences to ensure that toddlers who did not listen to complete trials 

would be exposed to the entire range of stimuli. Each toddler was seen for one experimental 

session. All toddlers heard the same four blocks two times each.   

 

Table 2. Stimuli used in Experiments 1a, 1b, and 1c  
Overregularized Irregulars Correct Irregular Verbs Nonce verbs + ‘–ed’ ending	 Nouns + -‘–ed’ 
Snoopy catched the ball. Snoopy caught the ball. Snoopy /bɹʌkt/ the ball.	 Snoopy book–ed the ball. 
Snoopy drinked the milk. Snoopy drank the milk. Snoopy /vaɹgəld/ the milk.	 Snoopy orange–ed the milk. 
Snoopy throwed the toy. Snoopy threw the toy. Snoopy /fimd/ the toy.	 Snoopy crib–ed the toy. 
Snoopy falled down the hill. Snoopy fell down the hill. Snoopy /jækt/ down the hill.	 Snoopy sock–ed down the hill. 
Snoopy breaked the door. Snoopy broke the door. Snoopy /lɛndəld/ the door.	 Snoopy truck–ed the door. 
Snoopy taked the apple. Snoopy took the apple. Snoopy /spɛft/ the apple.	 Snoopy hair–ed the apple. 
Snoopy bringed the bottle. Snoopy brought the bottle. Snoopy /wifəld/ the bottle.	 Snoopy spoon–ed the bottle. 
Snoopy runned in the park. Snoopy ran in the park. Snoopy /spoft/ in the park.	 Snoopy doll–ed in the park. 

Note. (Overregularized irregulars were used in all three experiments. They were compared with correct irregulars in 
Exp. 1a, with nonce verbs in Exp. 1b, and nouns + ‘–ed’ in Exp. 1c) 
 

 
2.2.1.3 Task. A variation of the Headturn Preference procedure (HPP; Kemler Nelson et 

al., 1995). I used the method the way it was originally developed––to test toddlers’ preference 

for language patterns that conform to their native language versus language patterns that do not 

conform (e.g., Jusczyk et al., 1994). However, in this case, I adapted this task—whose logic is 

basically that of a familiarity task—to consider whether toddlers interpret the past tense 

morpheme on a given familiar verb form as familiar or not. Again, this study does not include a 

familiarization phase. Instead, the toddlers’ linguistic environment serves as the familiarization. 

Any significant difference in looking times for the two types of test trials would indicate 

discrimination of the test stimuli. My hypothesis was that toddlers would listen longer to 

overregularized English verbs than their correct counterparts. That is, toddlers would 
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discriminate between the two types of stimuli and interpret the past tense morpheme ‘–ed’ as 

correctly co-occurring with the irregular verb stem (e.g. ‘breaked’).  

 Each toddler was tested individually while seated on the caregiver’s lap in a soundproof 

room. The booth contained an amber light directly in front of the toddler and two red lights 

above speakers to the toddler’s right and left. The caregiver listened to masking music through 

headphones in order to avoid inadvertently influencing the toddler. An experimenter outside the 

test booth viewed the session on a video monitor with the sound off and recorded the toddler’s 

looking behavior using a button box connected to an Apple Power Macintosh computer. The 

experimental control program initiated trials and scored head-turn responses. During test, each 

trial began with the light blinking at center. When the observer, unable to hear the stimuli, 

indicated that the toddler was looking at the light, a light on the left or right began flashing. 

When the toddler turned toward the flashing side light, one of the randomly selected lists of 

auditory stimuli played from the corresponding speaker. The toddlers’ looking times were 

recorded by the experimenter pressing a button on the computer when the toddler changed their 

gaze direction, turning their head at least 30 degrees toward the side light. The assignment of 

sentences was randomized via the lab computer in order to avoid confounding stimuli with a 

particular side (Kemler et al., 1995). The session was complete when the toddlers received all 

eight test trials. The side presentation (left or right) was randomized by the program. Each trial 

ended when the toddler turned his or her head away from the light for more than two seconds or 

when the end of the file was reached. The dependent measure was amount of time a toddler 

oriented toward the light on each trial type. In keeping with standard procedures using the HPP, 

looking times shorter than two seconds were excluded from the analyses (Kemler et al., 1995). 
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2.2.2 Results and discussion 

A paired sample t-test did not show a significant difference in looking times between 

overregularized (M = 11.52, SD = 4.41) and correct (M = 10.12, SD = 3.66) forms: p > .05.  8 out of 

13 toddlers listened longer to the overregularized stimuli. 

 

Figure 2. Mean looking times (LT) for Experiment 1a with Standard Error 

 

These results do not show significant discrimination of overregularized forms versus their 

correct counterparts, which is inconsistent with my hypothesis that toddlers would show a 

familiarity preference based on their representation of English. However, this does not disprove 

my hypothesis that overregularized forms are representative of 16-month-olds’ early linguistic 

knowledge. It suggests that children are equally familiar with the overregularized and correct 

forms and have a preference for neither. It is, of course, possible that toddlers’ slight listening 

preference to overregularized forms is a novelty effect—since they have never encountered these 

forms in their linguistic environment—and does not represent a familiarity preference. Exp. 1b 

examined toddlers’ preference for overregularized verbs and nonce words + ‘–ed’ to eliminate 



 43 

the possibility that the preference seen in Exp. 1a was based on the novelty of the verbs co-

occurring with the ‘–ed’ morpheme. 

2.3 Experiment 1b  

2.3.1. Method 

2.3.1.1 Participants. Sixteen toddlers contributed data to this experiment (8 male, 8 

female, mean age = 16.25). Participants met the same criteria as in Exp. 1a. An additional fifteen 

toddlers were excluded for the following reasons: a family history of speech, language, or 

hearing disorders (n = 1), fussiness (defined as crying or wiggling; n = 5), the participant’s mean 

looking time was more than 2.5 standard deviations above the mean (n = 2) or three or more 

trials had looking times under 2 sec. (based on the standards of the lab; n = 1), equipment or 

experimenter error (n = 3), and parental interference (i.e., the mother pointed; n = 1).  

2.3.1.2 Stimuli. The stimuli were the 8 overregularized sentences used in Exp. 1a and the 

nonce verbs + ‘–ed’ sentences found in Table 2. The stimuli were recorded by the same speaker 

as in Exp. 1a. The sentences were combined into blocks and edited, controlling for duration, 

using Praat software (Boersma & Weenink, 2014). The relative speech rate of the verb to the rest 

of the sentence was the same for both stimulus types. The shorter sentences were adjusted to 

have the same duration as their longer counterparts. The sentences were separated by pauses of 

1000msec. The sentences had a duration of 2.125 seconds and each trial had a duration of 24 

seconds. Two versions of each block were created with different orders of the sentences to 

ensure that toddlers who did not listen to complete trials would be exposed to the entire range of 

stimuli. Each toddler was seen for one experimental session. All toddlers heard the same four 

blocks two times each.   

2.3.1.3. Task. The procedure was identical to that used in Experiment 1a.  
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2.3.2 Results and discussion 

A paired sample t-test was conducted to compare looking times for overregularized 

irregular verbs and nonce verbs + ‘–ed’, seen in Figure 3. There was a significant difference in 

looking times for overregularized (M=12.53, SD=4.94) and nonce (M=9.65, SD=2.47) blocks; 

t(15) = 2.58, p < .03 (2-tailed). 14 out of 16 toddlers listened longer to the overregularized 

stimuli.  

 

Figure 3 Mean looking times (LT) for Experiment 1b with Standard Error 

  

This pattern of results is consistent with at least two possible interpretations: (1) the 

toddlers are displaying a familiarity preference for the forms that follow their interpretation of 

the past tense formation rule, i.e. add ‘–ed’ to English verbs without exception. (2) Toddlers are 

responding to the combination of a familiar word + familiar morpheme. The latter interpretation 

at least implies that toddlers can separately perceive familiar words and the past tense 

morpheme, but it does not entail toddlers having tacit knowledge that ‘–ed’ is added to verbs.  
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2.4 Experiment 1c 

Exp. 1c used the overregularized verbs from Exp. 1a and 1b and contrasted them with familiar 

English nouns + ‘–ed’. Toddlers may use the confluence of cues from the presence of a familiar 

verb and a familiar morpheme and focus their attention on this combination. This could drive 

them to prefer the overregularized form, but not for the reason I propose. If toddlers in Exp. 1b 

were responding to the combination of a familiar verb plus the familiar ‘–ed’ morpheme, then we 

should not see a difference in listening times when the two types of stimuli are equally familiar. 

If infants are responding based on their knowledge of the distributional properties of the ‘–ed’ 

morpheme as I predict, we should again see a listening preference for the overregularized 

stimuli.   

2.4.1 Method 

2.4.1.1 Participants. Sixteen toddlers contributed data in Exp. 1c (8 male, 8 female, mean 

age = 16.26). All toddlers met the same criteria as in the Exp. 1a and Exp. 1b. An additional 10 

toddlers were excluded for the following reasons: fussed out (7) and technical difficulties (3).  

2.4.1.2 Stimuli. The same overregularized verb stimuli from Exp. 1a and Exp. 1b were 

used (Table 2). The only difference between the two blocks was the target English verb/noun + 

‘–ed’. The nouns were taken from the ‘Common Nouns’ section of the CDI: Toddler. These 

words are candidates for words understood by learners under 16 months, based on previous 

research (Dale & Fenson, 1996). A paired sample t-test found no significant difference between 

the phonotactic probabilities of the overregularized and noun + ‘–ed’ forms. The stimuli were 

recorded by the same speaker as in the previous experiments. The sentences were combined into 

blocks and edited, controlling for duration, using Praat software (Boersma & Weenink, 2014). 

The relative speech rate of the verb to the rest of the sentence was the same for both stimulus 
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types. The shorter sentences were adjusted to have the same duration as their longer counterparts. 

The sentences were separated by pauses of 1000msec. The sentences had a duration of 2.125 

seconds and each trial had a duration of 24 seconds. Two versions of each block were created 

with different orders of the sentences to ensure that toddlers who did not listen to complete trials 

would be exposed to the entire range of stimuli. Each toddler was seen for one experimental 

session. All toddlers heard the same four blocks two times each.   

2.4.1.3 Task. The procedure was identical to that used in the Exp. 1a and Exp. 1b.  

2.4.2 Results and discussion  

As in the Exp. 1a and Exp. 1b, toddlers showed a listening preference for the 

overregularized real verbs, as seen in Figure 4. A paired sample t-test compared looking times 

and there was a significant difference between the overregularized verb blocks (M= 10.61, 

SD=3.67) and noun + ‘–ed’ blocks (M=8.30, SD=2.79; t(15) = 2.82, p < .02 (2-tailed). 14 out of 

16 toddlers listened longer to the overregularized stimuli.  

 

Figure 4. Mean looking times (LT) for Experiment 1c with Standard Error 
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Exp. 1c eliminated a potential confound of Exp. 1b and nevertheless replicated the effect 

that toddlers preferentially listened to overregularized stimuli. The inclusion of familiar words 

(i.e. English nouns) allowed me to assess whether discrimination of the familiar verb + ‘–ed’ 

morpheme is based on familiarity or if the preference is a reflection of toddlers’ understanding of 

the distributional properties of the ‘–ed’ morpheme (e.g. Gerken & McIntosh, 1993; Golinkoff et 

al., 2001; Mintz, 2013). Toddlers have never heard either the nouns or the verbs with ‘–ed’ 

endings, so the nouns and the verbs should be equally familiar (or unfamiliar) to the toddlers. 

Over the course of development, nouns have a distributional advantage over verbs (Willits, 

Seidenberg, & Saffran, 2014) and toddlers recognize nouns months before they recognize verbs 

(e.g. Juscyzk & Aslin, 1995; Marquis & Shi, 2008). The listening preference for the 

overregularized verb forms has provided a strong test of toddlers’ knowledge of the 

distributional properties of the ‘–ed’ morpheme. 

2.5 Conclusion 

In three experiments, I compared children’s ability to distinguish familiar English verbs with an 

ending (‘–ed’) that is illegal for that particular verb (but legal for other verbs) with other forms. 

My goal was to provide insight into the strength of toddlers’ expectations about overlapping 

distributional contexts in their native language. In a preferential listening task, toddlers exhibited 

a familiarity preference for overregularized real verbs over (1) nonce verbs marked with ‘–ed’ 

(Exp. 1b) and (2) familiar nouns + ‘–ed’ (Exp. 1c), suggesting 16-month-olds had learned at least 

two types of information about English before they entered my experiment. First, they recognize 

familiar verb stems: they distinguish familiar stems from nonce stems in Exp. 1b and from 

familiar noun stems in Exp. 1c. The fact that these 16-month-olds were able to discriminate 

overregularized verbs from English nouns + ‘–ed’ (Exp. 1c) strongly suggests toddlers have 



 48 

discovered that the past tense morpheme attaches to members of the class VERB and not the class 

NOUN. It follows that, at 16-months-old, children have proto-categories VERB and NOUN. Second, 

children associate the members of the set of frequent verbal morphemes (e.g., ‘–ing’, ‘–s’, ‘–ed’), 

such that, if they have encountered one or more of these morphemes attached to a verb (outside 

of the lab), they expect that the associated morphemes should also attach to that verb (Exp. 1a, 

Exp. 1b, and Exp. 1c). With regard to Exp. 1a, I hypothesized that the irregular past tense forms 

would be familiar, but not as familiar as the VERB + ‘–ed’ sequence, which would be 

overwhelmingly familiar from their general English input. Thus, my hypothesis was that infants 

would attend longer to overregularized English verbs than their irregular, but correct, forms and 

exhibit a familiarity preference given their representation of English. That is, toddlers would 

discriminate the past tense morpheme and liberally reason that its co-occurrence with the 

irregular verb form (e.g. ‘breaked’) is correct. The data from Exp. 1a suggest that children are 

equally familiar with both forms, showing a preference for neither.  

Thus, these experiments add to previous studies examining syntactic categorization 

because by generalizing the ‘–ed’ morpheme to irregular past tense verbs, toddlers indicate that 

they are not conservative in their application of the ‘–ed’ morpheme based on analysis of the co-

occurrence patterns in speech. The experiments presented here strongly suggest that 16-month-

olds treat verbal morphemes as sufficiently associated that they expect that ‘–ed’ will apply to 

verbs even though they have never heard the two co-occur. According to Wordbank, a database 

of developmental vocabulary data (Frank, Braginsky, Yurovsky, & Marchman, 2016), half the 

16-month-olds whose data were contributed to the database know 19 verbs. Of those, nine are 

regulars (three of them end in a vowel or a voiced consonant, and six end in a voiceless 
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consonant). Children are getting the full range of information needed for the past tense rule, but 

not much of it. Still, from those nine regular verbs, children must be inferring the past tense rule. 

These results show that not only were toddlers able to discriminate overregularized past 

tense forms, but they had a strong familiarity preference, over two conditions, for these 

‘erroneous’ forms. My explanation of this pattern of results is very similar to the explanation 

offered for older children’s past tense overregularizations in production. On the production 

account, children begin to incorrectly attach ‘–ed’ to irregular verbs because they have 

discovered the past tense rule, and importantly, because they are treating irregular verbs as 

members of the larger class of VERB (e.g. Brown, 1973; Marcus et al., 1992). The only difference 

is that I have found evidence for such expectations about syntactic categories and their likely 

distributional contexts six or more months earlier than when these forms appear in production.  
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CHAPTER 3: LONGITUDINAL CORPUS STUDY OF OVERREGULARIZATIONS 

3.1 Introduction 

This chapter and the corpus study that follows concern the syntactic categorization debate and 

how to interpret production as reflecting a knowledge state. The experiments in Chapter 2 

suggest that 16-month-olds tacitly know ‘–ed’ combines with verbs, and not nouns, suggesting 

that children discover important distributional properties of the English past tense earlier than 

when they begin overregularizing in production. Even without this discovery, there are two 

crucial reasons to question the traditional account of overregularization in production that says 

these forms reflect knowledge of the past tense rule: (1) children do not overregularize all or 

even most irregular verbs, with only about 4% of irregular verbs affected, and the correct use of 

irregular forms is never completely absent (see Figure 1; Marcus et al., 1992; Xu & Pinker, 

1995), and (2) the rate of overregularization is affected by factors outside of morphosyntax. 

Together, these observations, along with the data from Chapter 2, prompted me to seek an 

alternate mechanism to explain children’s overregularization in production. U-shaped 

development of the past tense—the pattern of correct productions of irregular verbs appearing 

before overregularizations—is, at best, an easy way to talk about something messy. The 

examination of longitudinal corpus data described in this chapter questions the view that 

overregularization in production reflects a real-time reorganization of children’s representation 

of English verbs; rather, appearance of a U-shaped curve in development is an epiphenomenon 

of aggregating data over a few verbs and over individual children. Using modeling tools that are 

flexible and powerful enough to incorporate a variety of factors, I investigated elements outside 

of morphosyntax that have been found to influence overregularizations and examine each 

variable’s ability to estimate the appearance of overregularization across development. The data 
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showed that both children that were examined had very low rates of overregularization, and both 

showed a significant influence of (1) their linguistic maturity (age for one and MLU for the 

other), (2) the frequency of particular verbs in an adult corpus of English, and (3) how typical 

particular verbs were of English phonology (specifically, biphone probability). Thus, 

overregularizations do not seem to reflect a real-time reorganization of the morphosyntactic 

system; rather, their appearance is outside of morphosyntax. 

 Before I explain my methodology, in the next section, I review factors outside of 

morphosyntax that have been observed to influence the rate of overregularization in children’s 

productions.   

3.2 Predictors of Past Tense Overregularization 

3.2.1. Age, MLU, and Type-Token Ratio 

 Chronological age is a measure of exposure and MEAN LENGTH OF UTTERANCE (MLU) is a 

measure of linguistic combinatorial abilities––the larger the MLU, the more complex the child’s 

utterances (Brown, 1973). These two measures are highly correlated: Kuczaj (1977) found a 

significant positive correlation between MLU and age on the correct use of irregular verbs (r = 

.81), suggesting that the older the child, the more complex the utterances and the more complex 

the utterances, the more likely the child will produce a correct irregular verb form.  

 TYPE-TOKEN RATIO (TTR) is a weighted measure of verbal diversity in a given speech 

sample. TTR is the number of different words (types) divided by the total number of words 

(tokens): the larger the type-token ratio, the less repetitive the vocabulary usage. We can think of 

TTR as a measure of linguistic sophistication like MLU, which also increases with age and 

exposure. However, unlike MLU, it does not measure combinatorial abilities, which may or may 

not be more relevant to overregularization. No one has examined the effect of type-token ratio on 
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the appearance of past tense overregularizations. Regular verbs have high type frequency—the 

frequency of the ‘–ed’ morpheme on particular verbs—but a lower token frequency than 

irregular verbs: regular verb token frequency is about 25-30% of all verbs used (Taatgen & 

Anderson, 2002). Irregular verbs have a high token frequency: of the 30 most common verbs, 22 

are irregular (Bybee & Slobin, 1982). Verbs learned early tend to have high token frequency in 

the language (Pinker & Prince, 1988).  Given the asymmetrical composition of irregular and 

regular verb tokens in English, it is possible that it takes a certain type-token ratio threshold for 

children to overregularize the ‘–ed’ morpheme. I will explore this possibility here. 

3.2.2 Lexical Frequency 

 There are three measures of lexical frequency potentially related to overregularization 

rates: the frequency of a lexical item in the child’s vocabulary (related to the size of the child’s 

vocabulary, see the next section), the frequency of a lexical item in the caregiver’s speech, and a 

more general measure of lexical frequency in adult corpora. Marcus and colleagues (1992) found 

that frequency is one predictor of past tense overregularization, with data showing that irregulars 

with low frequency were overregularized more. Of the 19 children examined, all of their 

aggregate overregularization rates were negatively correlated with the aggregate log frequency of 

the overregularized items: all 19 parents and 16 children were negatively correlated with a 

general measure of frequency (Kucera & Francis, 1967). Similarly, Bybee and Slobin (1982) 

found that the more a caretaker used a certain verb, the less likely the children were to 

overregularize the verb. There was a significant negative correlation (r = -.67) between the raw 

frequency of a verb in the caretaker’s speech and the number of times the verb was regularized 

by the children. Finally, Marchman (1997) found that in a past tense elicitation task, children 

were more likely to overregularize low frequency irregular verbs, where frequency was based on 
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a corpus of middle-class, white adult speech samples. Different studies show that various 

measures of lexical frequency affect the rate of overregularizations; none look at the predictive 

power of these measures, or how these measures interact with other factors, which I will do here.  

3.2.3 Vocabulary Size 

 The frequency of a lexical item in a child’s vocabulary is related to the size of the child’s 

vocabulary. It is important to distinguish between the size of the child’s spoken verb vocabulary 

and the frequency with which verbs appear in child-directed speech because it cannot be 

assumed that children immediately learn all verbs in their linguistic environment (Plunkett & 

Marchman, 1991). Marchman and Bates (1994) found that the child’s own vocabulary was 

related to overregularizations. They used the data from the MacArthur Communicative 

Development Inventory: Toddler for 1130 monolingual English-speaking children between the 

ages 1;4 and 2;6. Irregular verbs were found to make up the majority of early verb vocabularies, 

especially when the verb vocabulary was under ten items (Marchman & Bates, 1994). They 

found that there are very few overregularizations present when children have verb vocabularies 

below 60–70 verbs. They found a nonlinear relationship between overregularizations and 

vocabulary size. The smaller the child’s verb vocabulary, the more likely they were to produce 

correct irregular forms. Following that, overregularization was more likely the larger the size of 

the child’s verb vocabulary (Marchman & Bates, 1994). The researchers posit that this relation is 

related to the child reaching a target threshold of exemplars needed to acquire the past tense rule 

(Marchman & Bates, 1994). It is important to note that, because vocabulary size can have 

different effects on past tense production depending on whether we are talking about early or 

later vocabularies, this factor might be related to the U-shaped pattern that has been observed in 

children’s overregularizations in production.  
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3.2.4 Phonotactic Probability and Neighborhood Density 

 PHONOTACTIC PROPERTIES are the rules that constrain the phonological patterns of words in 

any given language. PHONOTACTIC PROBABILITIES reflect the fact that some phonotactically legal 

(i.e. allowable) sound sequences are more common than others (Jusczyk et al., 1994). Words can 

be divided into those with relatively high phonotactic probabilities and those with relatively low 

phonotactic probabilities (Storkel, 2001). For example, bn is illegal (and hence has zero 

probability) at the beginning of English words; on the other hand, the sound sequence st is 

common, and hence relatively probable in all positions of English words (Mattys & Juszyck, 

2001). Evidence shows that infants as young as 9-months-old are sensitive to the phonotactic 

probabilities of their native language (Jusczyk et al., 1994), and use this sensitivity to segment 

words from a continuous speech stream (Mattys & Juscyzk, 2001). For example, a word that 

ends in a biphone that has a high probability of marking the end of a word and a low probability 

of appearing in the middle of a word facilitates the segmentation of the following word (Mattys 

& Juszyck, 2001). Consequently, the larger an infant’s vocabulary, the more sensitive the infant 

is to their native language’s phonotactics (Graf Estes, Chen-Wu Gluck, & Grimm, 2016). Once 

children go from segmenting the speech stream to learning the meaning and distribution of words 

and how to produce them, they still rely on phonotactic probabilities. For example, laboratory 

studies of non-word repetition have found that children repeat high phonotactic probability 

words more accurately than low phonotactic probability words (Coady & Aslin, 2004; Edwards, 

Beckman, & Munson, 2004; Richtsmeier, Gerken, Goffman, & Hogan, 2009) and erroneous 

productions involved substitutions of sequences with higher phonotactic probabilities (Edwards 

et al., 2004). Because words with lower phonotactic probabilities appear to be dispreferred in 

production compared with words with higher phonotactic probabilities, I hypothesize that, if past 
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tense overregularizations are partially driven by ease of production factors, phonotactic 

probability will influence which verbs are overregularized. 

There are two measures of phonotactic probability that will be relevant to this study: 

POSITIONAL SEGMENT FREQUENCY—the likelihood a phoneme will occur in a given position in an 

English word—and BIPHONE FREQUENCY—the probability of two sounds occurring side-by-side 

in an English word. No one has examined the effects of either measure of phonotactic probability 

on children’s rate of past tense overregularization in production. It is possible that, for example, 

biphone probability will be more relevant to the appearance of overregularization if the 

suffixation of one of the ‘–ed’ allomorphs (/t/, /d/, or /əd/) results in a more English-like word, 

resulting in an overregularization. 

Another factor that influences overregularization rates is NEIGHBORHOOD DENSITY (ND; 

Marchman, 1997; McKean, Letts, & Howard, 2013). ND is the number of words that are 

phonemically similar to a given word. One way to measure ND is by counting the words that 

differ from a target by only one sound via deletion, substitution, or addition (Vitevich and Luce, 

1999). For example, the word ‘dog’ has the neighbors ‘fog’, ‘dig’, ‘dot’, and so on. A target 

word from a dense neighborhood has a large number of neighbors, while a target word from a 

sparse neighborhood has a low number of neighbors. Neighborhood density and phonotactic 

probability are inherently correlated––words with more common sound sequences will be from 

denser neighborhoods (Storkel, 2004). Research suggests pre-literate children are “global” 

observers of words, attending to overall phonetic patterns rather than individual segments 

(Charles-Luce & Luce, 1990). Since a young child has fewer lexical items in their mental 

lexicon, they have fewer items competing for production (Charles-Luce & Luce, 1990; Mani & 

Plunkett, 2010; 2011). Indeed, McKean et al. (2013) found that children learn pseudowords more 
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readily if the words have low ND. If a given verb, either the correct or overregularized form, has 

a sparse neighborhood, the likelihood for production may increase since there is less competition 

in the lexicon for production. 

3.2.5 Internal Phonological Patterns 

 Bybee and Slobin (1982) argue that irregular past tense forms come in similarity families, 

outlining eight verb classes in which irregular verbs can be placed based on phonological 

similarities (Table 3). The main criterion used to classify irregular verbs was (1) the presence or 

absence of a final /t/ or /d/ and (2) the presence or absence of an internal vowel change. Most 

irregulars are characterized by a vowel change from present to past tense, as in classes III, IV, V, 

VII, and VIII (Bybee & Slobin, 1982). Some add a /t/ or /d/, i.e. Class III, and some make no 

change at all, i.e. Class I (Bybee & Slobin, 1982). Class I is the largest irregular class, with 28 

members and all of them end in either /t/ or /d/ (Pinker, 1999). Several studies have found that 

children are less likely to overregularize Class I verbs; researchers speculate that children 

perceive these verbs to already be marked for the past tense (Kuczaj, 1977; Kuczaj & Borys, 

1998; Slobin, 1971). Kuczaj (1978) found that 4-year-olds were more likely to reject 

overregularized forms of this class (e.g. ‘hitted’) than overregularized forms of other classes in a 

grammaticality judgment task. Further, children are less likely to overregularize verbs whose 

past tense form ends with a dental consonant (e.g. ‘lose’-‘lost’; Kuczaj, 1977). In spontaneous 

data samples, Slobin (1971) found that children between 1;6 - 4;0 had fewer overregularizations 

with verbs that add /t/ or /d/ on top of making an internal vowel change (i.e. Classes III-IV) than 

in verbs that undergo only a vowel change (Classes VI-VIII).  
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Table 3. Irregular verb classes based on phonological similarities (from Bybee & Slobin, 1982) 

Irregular Verb Class Examples 
I. do not change at all to form the past tense ‘beat’, ‘cut’, ‘hit’ 
II. change a final d to t to form the past tense ‘send’/’sent’, 

‘build’/’built’ 
III. undergo an internal vowel change and add a final /t/ or /d/ ‘feel’/‘felt’, ‘say’/‘said’ 
IV. undergo vowel change, delete a final consonant, add a final /t/ ‘bring’/‘brought’, 
V. undergo an internal vowel change and whose stems end in a 
dental 

‘bite’/‘bit’, ‘find’/‘found’ 

VI. undergo a vowel change of /I/ to /ae/ or /^/ ‘sing’/‘sang’, 
‘sting’/‘stung’ 

VII. All others that undergo an internal vowel change ‘give’/‘gave’, 
‘break’/‘broke’ 

VIII. undergo a vowel change and end in a diphthongal sequence ‘blow’/‘blew’, ‘fly’/‘flew’ 
  

 Given the phonological similarities between irregular verbs, Bybee and Slobin argue that 

irregular verbs may be learned via these classes. Indeed, other researchers have argued that 

correct performance with irregular verbs is sensitive to phonological similarity to other irregular 

verbs (Pinker & Prince, 1988), as well as similarity to regular verbs (Marchman, 1997). 

Marchman (1997) found that the number of ‘friendly neighbors’ a regular or irregular verb form 

had—that is, verbs sharing a rhyme in both the stem and past tense form, e.g. ‘throw’-‘threw’, 

‘grow’-‘grew’—the more likely the verb was to be overregularized. This, however, was a one-

time elicitation task, so it is not clear if this finding successfully accounts for development across 

time. Children also use erroneous forms such as ‘bring’-‘brang’ (Pinker, 1991). This extension of 

patterns to novel verbs based on similarity to existing forms suggests that children do not apply 

the ‘–ed’ morpheme to irregular verbs indiscriminately (Plunkett & Marchman, 1993; Xu & 

Pinker, 1995). Instead, overregularizations typically occur with verb stems that share 

phonological features with an irregular verb class (Plunkett & Marchman, 1993), showing that 

overregularizations are at least somewhat sensitive to the internal structure of irregular verbs 
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(e.g. ‘bring’-‘brang’ is analogic to the pairs ‘ring’-‘rang’, ‘sing’-‘sang’, and ‘drink’-‘drank’, 

although this is technically an irregularization; Xu & Pinker, 1995). It is possible children are 

learning rules from the phonological properties of the irregular verbs themselves, thus motivating 

overregularization patterns in their speech (Bybee & Slobin, 1982; Xu & Pinker, 1995). 

Although researchers have hypothesized that internal phonological patterns of irregular verbs 

might contribute to the frequency of overregularizations, no prior study has asked whether such 

patterns are indeed predictive of overregularizations. 

3.3 Summary 

 Although English past tense overregularization is a well-studied phenomenon, and 

researchers generally agree that it exhibits a U-shaped trajectory (as defined by a period of 

correct production followed by a period of overregularizations, followed by a return to correct 

proeduction), overregularization is quite infrequent, and influenced by a number of factors 

outside of morphosyntax. One of the limitations of previous studies is that the influence of the 

various factors influencing overregularizations in production were only investigated at one time 

point (Bybee & Slobin, 1982; Marchman, 1997), or aggregated across a corpus of data (Marcus 

et al., 1992). For example, Figure 1, taken from Marcus et al. (1992), illustrates just how paltry 

the U-shape actually is. Given all the potential factors that could influence overregularizations 

across development, it is important to think about how these factors might interact. If 

longitudinal data was used in previous examinations, researchers only looked for a significant 

effect, not for a variable’s ability to estimate the appearance of overregularization (e.g. 

Stemberger, 1993), potentially obscuring important developmental information. The modeling 

tools of sufficient statistical flexibility and power to incorporate a variety of factors are of recent 

vintage. Thus, the current study addressed the following questions:  
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(1) What is the nature of the development of the irregular English past tense over longitudinal 

data? Specifically, is it best described as a U-shaped learning function? 

(2) Can we estimate the likelihood of overregularization based on qualities inherent and or 

unique to the verb (outside of morphosyntax) or individual child?  

It is hypothesized that the variables described above will interact with each other and play an 

important role in estimating when past tense overregularization will appear in children’s speech 

across development.  

3.4 Method 

Three monolingual English-speaking child corpora were selected from the CHILDES database 

(MacWhinney, 2000): Adam, Eve, and Sarah (Brown, 1973). These corpora are those analyzed 

by Brown (1973)’s seminal work on child language acquisition. Brown’s corpus is a collection 

of play sessions conducted between 1962 and 1966 in Cambridge, Massachusetts. The children 

were all speakers of Standard American English. Adam and Eve were both from professional 

families and Sarah was from a working-class family. The corpus itself contains transcriptions 

with annotations (Brown, 1973). The subject characteristics can be found in Table 4.  

 

Table 4. Individual subject characteristics 

Subject Chronological Age (years; months) Number of Transcripts 
Adam 2;6 – 5;2 55 
Eve 1;3 – 2;6 20 
Sarah 2;6 – 5;1 139 

 

 The current study needed to focus on available child language samples that began before 

the onset of overregularization to answer questions about longitudinal development. Brown’s 

corpus is among those previously used in examinations of overregularizations in English-
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speaking children (most notably Marcus et al., 1992). In Adam, Eve, and Sarah's earliest 

transcripts, overregularizations are absent. In their later transcripts, past tense inflections are 

supplied correctly more than 90% of the time in obligatory contexts (Brown, 1973). Accordingly, 

these children pass through each stage of past tense development outlined above, making them 

ideal candidates for the reexamination of the presence of a U-shaped learning function, whether 

holistically or on a verb-by-verb basis.     

3.4.1 Analysis 

 The Computerized Language Analysis, or CLAN program, which was designed 

specifically to analyze data transcribed in the format of CHAT, the standard for CHILDES 

transcripts, was used to address the research questions (MacWhinney, 2000). 

 3.4.1.1 Overregularization analysis procedure. Past tense forms of irregular verbs, both 

correct and overregularized, were tabulated for each child. Overregularizations included stem + 

‘–ed’ forms (e.g. 'losed'). Irregularizations, like correct past + ‘–ed’ forms (e.g. 'losted'), and 

‘bate’ for ‘beat’, were rare. There were only seven instances of irregularizations, so they were 

not included in the analysis. A command in CLAN allowed for a retrieval of instances of 

“erroneous” ‘–ed’ application (i.e. overregularizations). The CHILDES transcripts contain 

typographical errors and inconsistencies, and a few past tense overregularizations may have gone 

undetected by the automatic search procedure performed by CLAN. Each instance of irregular 

verb was retrieved via the CLAN command then double-checked by hand to account for 

potential undetected overregularizations. After this calculation, I removed Eve from further 

analysis. Since Eve’s family moved during Brown’s study, she only had 20 files and 198 tokens 

of irregular verbs, compared to Adam’s 2150 tokens and Sarah’s 1166 tokens. The number of 

available data points from Eve would not support the level of complexity I aimed to examine.  
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 3.4.1.2 Age, mean length of utterance, and type-token ratio. Review of the literature 

suggests there are three potential subject level continuous predictors: chronological age, mean 

length of utterance (MLU), and type-token ratio. Each transcript in the child corpora has a 

chronological age in years and months. Age was turned into a continuous variable to use it as a 

potential predictor variable. Note that one of the transcriptions for Sarah around 54 months did 

not include an age. An estimate of chronological age was found by dividing the ages of the 

surrounding transcripts by the difference between them. CLAN has an MLU command that allows 

for an analysis of MLU (in morphemes, not words) and a FREQ command that allows for an 

analysis of type-token ratio (MacWhinney, 2000). The commands were set to analyze only the 

child's speech tier, ignoring all other interlocutors. By default, the MLU and FREQ commands 

ignore unintelligible speech (marked as ‘xxx’ in the transcripts; MacWhinney, 2000). The 

automatic computation of type-token ratio counts each unique string as a token. Because of this, 

‘cat’ and ‘cats’ will be counted as two separate types. The inflected forms were counted as 

separate tokens of a stem because they were previously morphemicized in the transcriptions (e.g. 

‘played' is ‘play–ed'). FREQ was then instructed to ignore anything after a hyphen within a word 

so as to not count ‘cat’ and ‘cat–s’ as separate types (MacWhinney, 2000). An MLU and type-

token ratio were found for each individual transcript for each child.  
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Table 5. Irregular verbs found in the corpora, separated by Bybee & Slobin’s (1982) classes. 

Verb Class Verbs 
I ‘cut’, ‘hit’, ‘hurt’, ‘beat’ 
II none 
III ‘buy’, ‘feel’, ‘hear’, ‘lose’, ‘say’, ‘sleep’, ‘tell’ 
IV ‘bring’, ‘catch’, ‘think’, ‘make’ 
V ‘bite’, ‘do’, ‘eat’, ‘find’, ‘get’, ‘hide’, ‘ride’, 

‘slide’, ‘write’ 
VI ‘sit’, ‘win’ 
VII ‘break’, ‘come’, ‘drive’, ‘fall’, ‘give’, ‘run’, 

‘see’, ‘shoot’, ‘stick’, ‘take’, ‘tear’, ‘wake’ 
VIII ‘blow’, ‘draw’, ‘grow’, ‘throw’ 

 

 3.4.1.3 Verb class. Irregular verbs were divided into groups based on Bybee and Slobin's 

(1982) verb classes (Table 3), as seen in Table 5. The number of tokens in each class for each 

child is found in Table 6. Verbs were classified as Class I if they did not change from present to 

past tense (n = 4). Class I, or no-change verbs (e.g. ‘hit’, ‘cut’) present a problem for CLAN 

commands. The search program cannot distinguish between present and past tense uses. For all 

instances of no-change verbs, past tense usages were distinguished from present infinitival (‘I 

like to cut paper’ - Adam), and noun (‘I got a cut’ - Sarah) usages by hand. The surrounding 

utterances provided adequate evidence for the assignment of past tense to the verb. If tense was 

used consistently and without variation in the surrounding context, the tense for any 

overregularizations in that particular exchange was assumed to be the same. If there were 

inconsistencies in tense used, the preceding sentence was used as the context for the required 

form of the target verb. If a verb was used after a preceding utterance that contained a verb 

marked for the past tense, then the verb was assumed to be in the past tense. If the context was 

unclear, the target verbs were excluded from the analysis. Note that since this study is not 

looking at the acquisition of correct use of the past tense, utterances such as ‘I can't found it’ 

(Sarah) and ‘Oh, you should saw it!’ (Sarah) were included. Class II was not included in the 
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analysis because only one child produced one instance (i.e. ‘sent’) of the past tense of the verbs 

in this class and this is not enough for meaningful analysis. Verbs were classified as Class III if 

they undergo a vowel change and add a final /t/ or /d/ (n = 8). Verbs were classified as Class IV 

if they undergo a vowel change, delete a final consonant, and add a final /t/ (n = 3). Verbs were 

classified as Class V if they undergo an internal vowel change and their stems end in a dental (n 

= 8). Verbs were in Class VI if they undergo a vowel change of /ɪ/ to /æ/ or /ʌ/ (n = 2). Verbs 

were in Class VII and Class VIII if they undergo an internal vowel change or undergo a vowel 

change and end in a diphthongal sequence, respectively (n = 12 and n = 5, respectively). The 

completely suppletive forms ‘go’- ‘went’ and ‘be’- ‘was’ were not included in this analysis 

because there are not included in Bybee and Slobin’s classes (1982). 

 

Table 6. Number of tokens in each verb class by subject.  

Subject I III IV V VI VII VIII 
Adam 50 343 127 1029 5 587 9 
Sarah 49 246 51 540 8 260 12 

Note. There were no tokens of Class II. 

  
 3.4.1.4 Phonotactic probabilities. An estimate of the phonotactic probability of each 

correct irregular form (e.g. ‘caught’) and the incorrect overregularized form (e.g. ‘catched’) was 

calculated for each verb using THE PHONOTACTIC PROBABILITY CALCULATOR (Vitevich & Luce, 

2004). The database provides measures of POSITIONAL SEGMENT FREQUENCY and BIPHONE 

FREQUENCY. Both measures were derived from approximately 20,000 words in the Merriam-

Webster Pocket Dictionary (Vitevich & Luce, 2004). This calculator is the one used by Jusczyk 

and colleagues (1994) and in many studies investigating the effect of phonotactic constraints on 

language learning (Vitevich & Luce, 2004). 
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 As an example, the calculation of /kem/ (‘came’) will calculate the likelihood that the 

segment /k/ will appear at the beginning of an English word, that the segment /e/ will appear in 

the second position of an English word, etc. The calculator returns the positional segment 

frequencies for each phoneme (.093, .029, and .049, respectively), each positional biphone 

frequency (/ke/ = .002 and /em/ = .002), and the sum of all phoneme probabilities (.171), and the 

sum of all of the biphone probabilities (.004). For the purposes of this study, the mean of all of 

the positional segment frequencies and biphone frequencies for each irregular verb and its 

overregularized counterpart were found. In the above example, the probabilities included would 

be .057 (.171/3) and .002 (.004/2), respectively. The calculation of the mean controls for the 

imbalanced number of phonological segments in the correct irregular forms versus the 

overregularized forms (i.e. the overregularized forms have more segments).  

 THE IRVINE PHONOTACTIC ONLINE DICTIONARY (IPhOD), a collection of English words 

and pseudowords, was used to calculate the neighborhood density of the correct irregular forms 

and the overregularized forms (Vaden, Halpin, & Hickok, 2009). The Phonotactic Probability 

Calculator (Vitevich & Luce, 2004) was not used because there is no measure of neighborhood 

density. The IPhOD Neighborhood density is extrapolated from written word frequencies of the 

SUBTLEXus database (Brysbaert & New, 2009) by counting the number of words that share all 

but one phoneme with a word or pseudoword. For example, the verb ‘ate’ has 37 neighbors, 

including ‘fate’, ‘ache’, and ‘aim.’ The overregularized verb ‘eated’ has a much smaller 

neighborhood with only six neighbors, including ‘cheated’, ‘heated’, and ‘seated.’4 

 3.4.1.5 Frequency. The lexical frequency of the target verbs was found for three different 

                                                
4 Of course, this is relative to each child’s lexicon, which there is no measure of in the Brown (1973) corpus. This 
measure of ND does not necessarily match up with the specific neighborhood densities in the children’s specific 
lexicons. However, probabilistically, the children are more likely to have more neighbors for a word that has more 
neighbors in an adult dictionary, so it serves as a reasonable approximation for the children’s specific lexicons. 



 65 

frequencies: the corpus of the child's own speech, the corpus of speech of the caregivers, and a 

wider-scale frequency measure: the 450-million-word Corpus of Contemporary American 

English (COCA; Davies, 2008). Plunkett and Marchman (1991) argue for the importance of 

distinguishing between INPUT and UPTAKE because it cannot be assumed that children 

immediately learn all verbs in their linguistic environment. Frequencies were thus calculated for 

the child's speech (Adam’s corpus had 163257 total verb tokens and Sarah’s corpus had 94977 

total tokens) and for the child-directed speech. To create the corpus of child-directed speech, 

caregiver speech (this included both adult-directed and child-directed speech) was taken from 

each child's corpus. Adam’s caregivers’ corpus had 2183 total tokens and Sarah’s caregivers’ 

corpus had 3549 total tokens.5 Some verbs, specifically ‘hit’ and ‘cut’ are also used as nouns. 

Unfortunately, the database does not distinguish words by syntactic category. The frequencies 

for ‘hit’ and ‘cut’ must then be taken as an approximation. Each measure of frequency was log-

transformed (base 10). Since the inclusion of all measures of lexical frequency in the same model 

run into the potential problem of multicollinearity, I only included one measure of lexical 

frequency for each child. Selection of the most predictive measure of lexical frequency included 

for each child is described in further detail below.  

 All continuous variables were centered and scaled because the model would not converge 

when these variables were on different scales. Next, plots were constructed to examine the binary 

response variable—the presence or absence of an overregularization—against each of the 

described predictor variables. If there were more responses of zero toward one side of the plot 

and more responses of one toward the other side, then that predictor was entered ‘as is’ into the 

model. If there were more responses of zero towards the edges of the plot and more responses of 

                                                
5 The caregivers talked considerably during elicitation of spontaneous speech than the target children because there 
were other interlocutors, like the examiner or siblings. 
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one towards the middle of the plot (or vice-versa), then I added both that predictor and its square 

into the model. Accordingly, age, TTR, and MLU were transformed and their squares were 

added. Finally, all measures of frequency were log-transformed (base 10). The distribution of 

this variable was found to be more normal in log space. 

3.4.2 Model Procedure  

 I analyzed the data by modeling binary response-type likelihood using mixed logistic 

regression modeling. I fitted models to the data for each child individually, since I did not want 

to fit a single model to a sample size of two children. I started all analyses with a full model that 

included the binomial dependent variable—the presence or absence of an overregularized past 

tense form in the child’s language sample—and VERB as a random factor to account for any 

idiosyncrasies of the individual verbs. I could not include random verb slopes because not all 

verbs were used at least twice for a given child. The fixed effects for each model were the 

variables described in detail above: AGE, MLU, TTR, LEXICAL FREQUENCY/VOCABULARY SIZE, 

PHONOTACTIC PROBABILITY, BIPHONE PROBABILITY, and NEIGHBORHOOD DENSITY. The inclusion 

of VERB CLASS (I, III, IV, etc.) as a fixed effect caused the fitting algorithm to fail to converge, 

indicating that the dataset is too small to support this level of complexity. I removed VERB CLASS 

from the subsequent analyses, which will be discussed further in the discussion.  

 Model fit was assessed using likelihood ratio tests to compare the goodness of fit of 

different models. The model for each child that yields the smallest Akaike information criterion 

(AIC) value will be the best model of all the models specified for that child’s data (Kutner, 

Nachtsheim, Neter, & Li, 2005). All analyses were carried out in the R programming language 

and environment (R Development Core Team, 2008) using the glmer function in the lme4 

software package (Bates, Maechler, & Bolker, 2013). 
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 To select individual best-fitting models for Adam and for Sarah, I first used a backward 

stepwise elimination procedure removing the predictor variables from the models incrementally 

to see whether the model fit was improved. I included all the above predictor variables and all 

possible interactions of interest. I was interested in the 3-way interactions between 1. segmental 

phonotactic probability 2. biphone phonotactic probability and 3. neighborhood density by 

linguistic sophistication by frequency. These interactions were considered important because of 

what I described above in Section 3.2 and how they might possibly interact with each other 

based on previous studies.  

 Additionally, inclusion of all three subject-level continuous variables of linguistic 

sophistication (i.e. age, MLU, and TTR) and all three measures of frequency (i.e. production 

frequency, parent frequency, and COCA frequency) in the models caused the fitting algorithm to 

fail to converge. Using all six also brings up potential issues of multicollinearity. I ran 

correlations and found MLU and age were highly correlated for Adam and for Sarah (r = .92 and 

r = .88, respectively). Sarah’s own production frequency and her parents’ production frequency 

were also highly correlated at r = .95. Thus, I only included one subject-level continuous variable 

and one measure of frequency for each child per model to avoid this issue altogether. I used the 

combination of subject-level continuous variable and measure of frequency that yielded the 

smallest AIC. I describe this process as modified backward stepwise elimination procedure.  

 The modified backward stepwise elimination process proceeded as follows: I started with a 

full model for each possible subject-level and lexical frequency combination (MLU + production 

frequency, MLU + COCA Frequency, age + production frequency, etc.). The example seen in 

Figure 5 depicts a full model for Adam with the combination of MLU as a measure of linguistic 

sophistication and the child’s own production frequency as the measure of frequency. I 
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sequentially removed terms from the original model, starting with 3-way interactions because 

these are the highest order terms and lower lever terms are nested within the 3-way interactions 

and cannot be removed first.  

 
 
Figure 5. The R code for the full model for Adam and the combination of MLU and production 
frequency. 

 After the individual removal of each three 3-way interaction, I compared the original 

model to the three new (smaller) models with likelihood ratio tests, as illustrated in Table 7. If 

the AIC is larger for a given sub-model, this indicates that the removed term significantly 

contributed to the fit and should be retained. In this case, I chose the model with the lowest AIC 

from the selection of candidate models (the larger model plus the candidate sub-models). If the 

AIC was smaller, the removal of the term is not significantly contributing to the fit and can be 

removed permanently. In this case, I took the smaller model as the best-fitting model. In Table 7, 

the full model had the lowest AIC, so I stopped there. If it had not, I would have continued this 

process by getting rid of any 2-way interactions contained within the removed terms and 

comparing the AIC values of each subsequent model with the best-fitting model from the 

previous step. Whichever model has the lowest AIC is the new best model. This process would 

continue until removing interactions and their lower level terms no longer lowered the AIC, i.e. 

improved the fit of the model.  



 69 

Table 7. Example of model comparison after removing 3-way interactions 

Model AIC 
Full model 408.10 
Full model - or_over_corr_pp:mlu.scaled.squared:log.prod.freq.scaled 410.23 
Full model - or_over_corr_biphone:mlu.scaled.squared:log.prod.freq.scaled 410.56 
Full model - or_over_corr_nd:mlu.scaled.squared:log.prod.freq.scaled 409.89 

 

3.5 Results and Discussion 

Adam’s and Sarah’s best fitting models did not include the same measure of frequency. For 

Adam, the combination of his caregivers’ production frequency and his age yielded the smallest 

AIC value. For Sarah, her own production frequency and her MLU yielded the lowest AIC. For 

the purposes of generalization and application to future children, I will discuss Adam’s and 

Sarah’s individual best fitting models that included the general measure of frequency, i.e. COCA 

frequency (the estimated fixed effects coefficients from Adam’s and Sarah’s best fitting models 

with caregiver and production frequency, respectively, are in Appendix B). For Adam, this will 

include his age and for Sarah this will include her MLU. 

3.5.1 Adam overview 

The data from Adam's corpus included 2150 irregular verb tokens, distributed among 37 

different verbs. Adam's overregularization rate was plotted over COCA frequency, as seen in 

Figure 6. There is a general pattern that the more frequent a given verb, the lower his 

overregularization rate was for that verb. I will discuss later how this interacts with other 

potential predictor variables. 

Table 8 gives the estimated fixed effects coefficients from Adam’s best fitting model 

with COCA frequency along with their standard errors and 95% confidence intervals. In a 

logistic regression model, the estimated coefficient is the change in the log odds associated with 

a one unit increase in the predictor. For example, for Adam, the estimate for AGE is 2.43, so the 
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log odds of overregularization increase by 2.43 for each year of age. Of course, age interacts 

with multiple other predictors in the model. Thus, this conclusion about the effect of age on 

overregularization is at best oversimplified. However, it illustrates the point of how to interpret 

estimated coefficients in a logistic regression model. 

 

Figure 6. Adam’s average overregularization rate by COCA frequency 

  

Do any of the predictor variables help estimate the appearance of overregularizations in 

Adam’s speech independent of the random effect of the individual verbs? In Adam’s best-fitting 

model, removing the following interactions significantly decreased the goodness of fit, as 

indicated by a series of ANOVAs: the 3-way interaction of (age scaled)2 x COCA freq x biphone 

(Estimate = 3.97; SE = 1.38; z = 2.88; p < 0.01), the 3-way interaction of COCA freq x age 

scaled x biphone (Estimate = -7.97; SE =2.73; z = -2.92; p < 0.01) and the 3-way interaction of 

positional segmental frequency x COCA freq x age scaled (Estimate = 8.28; SE = 3.16; z = 2.62; 
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p < 0.01). It important to note that the typical interpretation of p-values is not available after 

model selection for either child since they tend to be overly optimistic at this point. However, I 

will discuss the interactions that survived the selection process and what the estimated effects 

are, because, while p-values do not hold their nominal meaning in the final model, there are 

interactions that seem to have more impact on the outcome. These interactions might also be 

important while designing and interpreting future studies on the English past tense.  

 
 
Table 8. Estimated fixed effects coefficients, standard errors, and 95% confidence intervals for 
Adam’s best fitting model with COCA frequency 
 

 Estimate Standard Error Z score P 

(Intercept) -4.49 5.51 -0.81 0.42 

PS -0.80 5.51 -0.15 0.89 
(age scaled)2 -2.15 1.41 -1.52 0.13 
COCA freq  -1.03 5.76 -0.18 0.86 
age scaled 2.43 3.18 0.76 0.45 
biphone -1.30 2.12 -0.62 0.54 
ND 3.21 3.60 0.89 0.37 
PS x COCA freq  -1.01 5.17 -0.20 0.85 
(age scaled)2 x COCA freq -2.39 1.62 -1.48 0.14 
PS x age scaled  0.53 2.52 0.21 0.83 
COCA freq x age scaled -1.73 3.23 -0.54 0.59 
(age scaled)2 x biphone  1.17 0.91 1.29 0.20 
COCA freq x biphone  1.19 2.61 0.46 0.65 
age scaled x biphone  -1.05 0.90 -1.18 0.24 
(age scaled)2 x ND  -1.59 2.26 -0.70 0.48 
COCA freq x ND 0.83 2.91 0.29 0.77 
age scaled x ND  -1.90 2.41 -0.79 0.43 
PS x COCA freq x age scaled  8.28 3.16 2.62 0.01** 
(age scaled)2 x COCA freq x biphone 3.97 1.38 2.88 0.01** 
COCA freq x age scaled x biphone  -7.97 2.73 -2.92 0.01** 
(age scaled)2 x COCA freq x ND  -3.46 2.12 -1.63 0.10 
COCA freq x age scaled x ND  -0.84 2.33 -0.36 0.72 

**  significant at .01, COCA freq is logged and squared, ND = neighborhood density, PS=positional 
segmental phonotactic probability 
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3.5.2 Sarah overview 

 The data from Sarah's corpus included 1166 irregular verb tokens, distributed among 35 

different verbs. Table 9 gives the estimated fixed effects coefficients from Sarah’s final model 

with COCA frequency along with their standard errors and 95% confidence intervals. Sarah's 

overregularization rate was plotted over COCA frequency, as seen in Figure 7. Like Adam, there 

are higher rates of overregularization when the frequency is lower. I will discuss later how this 

interacts with other potential predictor variables. 

 

Figure 7. Sarah’s average overregularization rate by COCA frequency 

 

Do any of our predictor variables help estimate the appearance of overregularizations in 

Sarah’s speech independent of the random effect of the individual verbs? In Sarah’s best-fitting 

model, removing the following interaction significantly decreased the goodness of fit, as 
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indicated by a series of ANOVAs: COCA freq x MLU x biphone (Estimate = 2.24; SE = 0.84; z 

= 2.66 9; p < 0.01).  

 

Table 9. Estimated fixed effects coefficients, standard errors, and 95% confidence intervals for 
Sarah’s best fitting model with COCA frequency 
 

 Estimate Standard Error Z score P 
(Intercept) -9.98 2.22 -4.50 6.65e-06*** 
PS 5.23 2.19 2.39 0.02* 
(MLU scaled)2  -1.45 0.91 -1.60 0.11 
COCA freq -4.88 1.74 -2.81 0.005** 
MLU scaled 4.10 1.82 2.25 0.024* 
biphone -0.86 0.87 -0.99 0.32 
ND 0.35 1.49 0.24 0.81 
PS x COCA freq 5.55 1.82 3.06 0.002** 
(MLU scaled)2 x COCA freq 1.60 0.96 1.67 0.095. 
PS x MLU scaled -2.32 1.66 -1.40 0.16 
COCA x MLU scaled -3.42 1.49 -2.30 0.021* 
COCA x Biphone -2.17 0.90 -2.43 0.02* 
MLU scaled x biphone 1.05 0.90 1.16 0.25 
(MLU scaled)2 x ND 1.64 1.04 1.58 0.11 
COCA freq x ND 0.12 0.89 0.137 0.89 
MLU scaled x ND -1.41 1.46 -0.97 0.33 
COCA freq x MLU scaled x biphone 2.24 0.84 2.66 0.008** 
(MLU scaled)2 x COCA freq x ND -1.48 1.03 -1.43 0.15 
COCA x MLU scaled x ND 0.97 1.15 0.85 0.40 

* significant at .05 ** significant at .01, ***significant at .001, PS = positional segmental, ND = 
neighborhood density 
	

3.5.3 Overregularizations  

 As expected, both subjects had overall low overregularization rates (M = 3.49%), which is 

very close to the 4% rate found in Marcus et al. (1992). Overregularization rates can be found in 

Table 10. The difference between the overregularization rate found in this study versus the rate 

found in Marcus et al. (1992) is attributable to the fact that the completely suppletive forms ‘go’- 
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‘went’ and ‘be’- ‘was’ were not included in my analysis (because there are not included in Bybee 

and Slobin’s classes). Marcus et al. (1992) did include these forms in their analysis of 

overregularization rate.   

 

Table 10. Overregularization rates for each child 

Subject Correct Overregularized (OR) % OR  
Adam 2081 69 3.21 
Sarah 1122 44 3.77 

 

3.5.4 Age, MLU, TTR, and frequency 

 As mentioned above, Adam’s age was the measure of linguistic sophistication that yielded 

the lowest AIC. For Sarah, her MLU was the measure of linguistic sophistication that yielded the 

lowest AIC. These measures are not significant on their own, but they do significantly interact 

with biphone probability and COCA frequency to estimate the appearance of overregularizations 

in the productions of Adam and Sarah across time (Figures 10 and 11), which I will discuss 

below.  

 In Figure 8, the aggregation of Adam and Sarah’s overregularization rate over MLU shows 

some evidence of U-shaped development. There is a period of no overregularizations at the very 

low MLUs (stage 1), followed by a variable period of overregularization (stage 2). There is no 

evidence of the final stage, where overregularizations disappear, but this is because 

overregularization continues into early school ages. As discussed in the introduction, 

overregularization of ‘–ed’ does not appear on all or even most of irregular verbs in the 

children’s verb vocabulary. Instead, the graph shows only small dips from ceiling performance, 

or micro U-shaped development (Plunkett & Marchman, 1991; 1993). 
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Figure 8. Average overregularization rate over MLU for Adam and Sarah 

  

3.5.5 Phonological regularities  

 As previously stated, including VERB CLASS as a fixed effect caused the models to fail to 

converge, so this predictor variable was dropped from the models. However, I did compare the 

rates of overregularization in the corpus data to the experimental data in Bybee and Slobin 

(1982). The rates are markedly dissimilar. The overregularization rates per child, per verb class 

are found in Table 11. Bybee and Slobin (1982) found that children overregularized verb class V 

verbs (e.g. find/found) 34% of the time; the same class showed the lowest rate of 

overregularizations present in the corpus data. Further, verb class VII had a 2.95% 

overregularization rate in our corpus study, yet a 32% rate in Bybee and Slobin (1982). Class VI 

(e.g. sing/sang) and VIII (e.g. blow/blew) did have the highest rates of overregularization for 

both studies. The dissimilar overregularization rates could be related the differences in ages. 

Bybee and Slobin’s compared children in preschool and children in third grade. Adam and 

Sarah’s data begins earlier than preschool-aged. 
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Figure 9. Average overregularization rates by verbs and verb class 

 

Figure 9 shows the average overregularization rate across Adam and Sarah by verb. The graph 

also separates verbs by their Bybee & Slobin verb classes. There does not seem to be any 

overwhelming overregularization pattern related to the verb class of the individual verbs, 

although there does seem to be less overregularization of Class V verbs compared to Class VII 

verbs.  

 Additionally, I looked at the positional segmental and biphone probabilities of the correct 

and overregularized forms across the Bybee & Slobin’s verb classes. There was no significant 

difference between the positional segmental probabilities of correct verbs (M = 0.053, SD = 

0.008) and their overregularized counterparts (M = 0.052, SD = 0.009): t(6) = 0.44, p > 0.5. 

Further, there was no significant difference between the biphone probabilities of correct verbs 

(M = 0.004, SD = 0001) and their overregularized counterparts (M = 0.004, SD = 0.002): t(6) =  



 77 

-0.42, p > 0.5. At this time, there does not seem to be any statistically significant contribution of 

verb classes to the appearance of overregularized forms.  

 

Table 11. Comparison between OR in corpus versus Bybee & Slobin (1982) behavioral study 

Verb Class Correct Overregularized % OR/total attempts % OR in Bybee & 
Slobin (1982) 

I (cut-cut) 98 8 7.55 29 
III (feel-felt) 582 34 52.00 13 
IV (bring-brought) 179 8 4.28 10 
V (find-found) 1617 25 1.52 34 
VI (sing-sang) 9 8 47.06 55 
VII (give-gave) 884 43 4.64 32 
VIII (blow-blew) 10 11 52.38 80 

   

3.5.6 Neighborhood density 

 Since children learn pseudowords more readily if the words have low ND (McKean et al., 

2013), if a given verb, either the correct or overregularized form, has a sparse neighborhood, the 

likelihood for production may increase since there is less competition in the lexicon for 

production. There was a significant difference in the neighborhood density for correct verb forms 

(M = 13.31, SD = 7.44) and overregularized verb forms (M = 3.62, SD = 5.24); t(41) = 6.94, p < 

0.001. Specifically, the majority of overregularized forms had sparser neighborhoods than their 

correct counterparts. However, for neither Adam nor Sarah were there any significant 

contributions of ND to the appearance of overregularizations.  

3.5.7 Phonotactic probability 

 Since children have been found to erroneously substitute sequences with higher 

phonotactic probabilities for those with lower probabilities in measures of non-word repetition 

(Edwards et al., 2004), it is possible the phonotactic probabilities are affecting the 

overregularization rate. There was no significant difference in the positional segmental 
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probabilities for correct verb forms (M = 0.05, SD = 0.01) and overregularized verb forms (M = 

0.05, SD = 0.01); t(41) = 0.66, p > 0.05. Adam’s final model included a significant 3-way 

interaction between positional segmental probability, COCA frequency, and age (Figure 10), and 

Sarah’s final model did not. This 3-way interaction is very similar to the 3-way interaction found 

between biphone probability, COCA frequency, and age for both Adam and Sarah, so I will 

focus on the interaction that is consistent across the two children. 

 

Figure 10. Adam’s 3-way interaction between age, COCA frequency, and segmental positional 
probability. 

 

 There was no significant difference in the biphone probabilities for correct verb forms (M = 
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0.004, SD = 0.002) and overregularized verb forms (M = 0.004, SD = 0.002); t(41) = -0.001, p > 

0.05. However, by looking at the interaction of biphone probability with other variables, patterns 

emerge. Results for both children showed that model fit significantly decreased as biphone 

probability was removed. This commonality between the two children bolsters an argument that 

biphone probability may be of particular import to the overregularization of verbs in production. 

Specifically, biphone probability interacts with the linguistic sophistication of the child (MLU 

for Sarah and age for Adam) and a general measure of frequency to successfully estimate the 

appearance of overregularizations in the data for each child.  

 Adam’s final model includes a significant three-way interaction between age, COCA 

frequency, and biphone probability. As seen in Figure 11, when Adam is 27 and 38 months and 

the frequency of the verb form is very low (panels 1, 2, 5, and 6), he is more likely to 

overregularize if the correct form has a higher biphone probability. At the same ages, when the 

verb is more frequent (panels 13 and 14), he is more likely to overregularize if the 

overregularized form has a higher biphone probability. This suggests that when Adam was 

younger and had less experience with the language, the biphone probability of forms influenced 

his production of overregularizations. This is in line with Edwards et al.’s (2004) study of 

children’s productions of non-words that found erroneous productions involved substitutions of 

sequences with higher phonotactic probabilities, and that this effect was largest for children 

between 3- and 4-years-old (they did not examine anyone under 3-yeard-old). It is possible that 

since younger children have smaller lexicons, there are fewer words from which to analogize and 

to create phonological representations. Thus, the children produce forms that are more familiar 

and practiced (Edwards et al., 2004). At 50 months, when the verb’s frequency is very low (panel 

3), the same pattern emerges: it is 100% likely Adam will overregularize if the overregularized 
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form has a higher biphone probability. At the same frequency at 62 months (panel 4), there is a 

shift in the pattern of overregularizations and the likelihood that Adam will overregularize if the 

correct form has a higher biphone probability is 100% and the likelihood that he will 

overregularize if the overregularized form has a higher biphone probability drops off to zero. 

There is a similar pattern at the same ages in panels 7 and 8, when the frequency of the verb form 

is a bit higher. This pattern creates an upside-down U-shape (since the dependent measure is 

percent overregularization and not percent correct). This shift in pattern of overregularization 

could be due to a reorganization of Adam’s mental lexicon. Unfortunately, I do not have 

information on Adam’s vocabulary across development. It is possible that Adam is adding more 

words to his productive vocabulary, so more biphone probabilities are becoming more practiced. 

It could also be the case that this shift is driven by Bybee and Slobin’s (1982) irregular verb 

classes. As Adam becomes more experienced with English, he might be increasingly influenced 

by the similarities between irregular forms and overregularize based on these patterns.  
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Figure 11. Adam’s 3-way interaction between age, COCA frequency, and biphone probability. 

 

 Sarah’s final model included a significant three-way interaction between her MLU, COCA  

frequency, and biphone probability. The graph of this interaction can be found in Appendix C. 

For the purpose of generalizing across children, I will discuss the patterns revealed in the 

interaction between age (instead of MLU), COCA frequency, and biphone probability as I did for 

Adam. Since both Adam’s and Sarah’s age and MLU were highly correlated—r = .92 and r = 

.88, respectively—I was not able to test models that included both measures. As seen in Figure 

12, Sarah is much more likely to overregularize when the frequency of the verb form is low. 

When she is between 27 and 49 months and the verb’s frequency is very low, she is 100% likely 

to overregularize when the biphone probability of the overregularized form is higher than that of 

the correct form (panels 1-3). When the frequency is slightly higher (panels 5-7), there is a steep 
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increase in the likelihood that she will overregularize when the biphone probability of the 

overregularized form is twice as high at the correct form. In panels 4 and 8, when Sarah is 60 

months old and the frequencies of the verbs are low, she is not as likely to overregularize as she 

was when she was younger, but there is still some potential for overregularization. Unlike the 

pattern seen at 27 – 49 months, there is a shift to the likelihood of overregularization increasing 

if the correct form has a higher biphone probability than the overregularized form. However, 

there is still potential for overregularization when the overregularized form has a higher biphone 

probability (a ~40% chance in panel 4 and ~20% chance in panel 8). This shift in pattern of 

overregularization could be due to a reorganization of Sarah’s mental lexicon. In panels 9-16, 

when the frequencies of the verbs are moderate to high, the potential for overregularization is 

nearly zero. In panel 16, there is a slight uptick in potential for overregularization, but it caps off 

at 25%.  
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Figure 12. Sarah’s 3-way interaction between biphone probability, age, and COCA frequency 

 

 When comparing across children, there are important commonalities. For example, both 

children at some point are much more likely to overregularize if the overregularized form has a 

higher biphone probability. When the verb’s frequency is low, Sarah is more likely to 

overregularize if the biphone probability of the overregularized form is higher (panels 1-3 and 5-

7). Adam is more likely to overregularize a highly frequent verb if the biphone probability of the 

overregularized form is higher than the biphone probability of the correct form (panels 13 and 

14). At 50 months, in panels 3 and 7, Adam also exhibits this pattern when the frequency of 

verbs is low to moderately low. This commonality suggests that each child goes through a stage 

where they overregularize to make the irregular verbs more English-like, i.e. produce the form 

that has a higher probability phonotactically. However, this pattern is seen at different stages for 
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the children: for Adam at higher frequencies and for Sarah at lower frequencies. This may point 

to different processing strategies by the children. It is possible that the children’s backgrounds 

affected the difference in patterns observed between Adam and Sarah. Adam was from a middle-

class/professional family and Sarah was from a working-class family. Research shows that 

socioeconomic status affects language development, and this could be related to the availability 

of learning resources or the quality of child-parent interactions (Pace, Luo, Hirsh-Pasek, & 

Golinkoff, 2017). When this pattern is compared to the children’s overregularizations in Figure 1 

from Marcus et al. (1992), it shows that the children experience dips in performance at different 

ages. Sarah’s performance is of note. There is a large dip when she is older/has a higher MLU 

(her MLU and age are highly correlated, r = .88) that matches the stage in panels 12 and 16 

where there is indiscriminate overregularization.  

3.6 General Discussion 

 This study was designed to estimate the appearance of overregularizations across 

development in the productions of young English-speaking children. For years, the learning of 

irregular verbs in English has been explained as an early period of rote learning of past tense 

forms of irregular verbs, followed by rule learning of the ‘–ed’ morpheme (Rumelhart & 

McClelland, 1986; Tomasello, 2000a, 2000b) which allows the use of ‘–ed’ (during which 

overgeneralization occurs), then rote re-learning of irregulars. Those who have studied 

overregularization suggest that productions like ‘breaked’ and ‘catched’ reflect a period of 

transition or re-organization. There were two major reasons to believe that this narrative needed 

to be reexamined: (1) The rates of overregularization are very low, with only about 4% of 

irregular verbs affected and the overregularization stage of production is extremely variable, and 

the correct use of irregular forms is never completely absent (Marcus et al., 1992; Xu & Pinker, 
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1995) and (2) the overregularization rates of irregular verbs differ with respect to each other and 

seem to be related to external factors outside of morphosyntax (Bybee & Slobin, 1982; Kuczaj, 

1977; Marchman, 1997; Marchman & Bates, 1992; Marcus et al., 1992). Given the literature, I 

predicted that there were several external variables, aside from those related to morphosyntactic 

development, that could influence a child’s overregularization pattern: AGE, MLU, TTR, 

POSITIONAL SEGMENTAL PROBABILITY, BIPHONE PROBABILITY, FREQUENCY, and NEIGHBORHOOD 

DENSITY. I performed mixed logistic regression modeling on the overregularization data for 

Adam and Sarah from the corpus of Brown's seminal longitudinal study (1973) on English 

acquisition. These analyses suggest that the interaction of phonotactics, lexical frequency, and 

linguistic sophistication influences the naturalistic speech of children, allowing for future 

estimations of which verbs might be more susceptible to overregularization. Adam’s and Sarah’s 

best-fitting models both showed that there was a significant effect of the 3-way interaction 

between frequency, linguistic sophistication, and biphone probability. For Adam, the best 

measure of linguistic sophistication was his age, and for Sarah it was her MLU. For Adam, the 

best measure of frequency was caregiver frequency, and for Sarah it was her own production 

frequency. Both children show a pattern of overregularizing when the biphone probability of the 

overregularized form is higher than that of the correct irregular form. For Adam, this pattern is 

seen when the verb is highly frequent. For Sarah, the same pattern emerges when the verb has a 

low frequency. It is unclear why the frequency of a verb has different effects on the appearance 

of overregularizations of Adam and Sarah. It might be the case that the different socioeconomic 

backgrounds of Adam and Sarah affected the patterns that emerged (e.g. Pace et al., 2017). 

Future studies should examine this discrepancy. It is also unclear if the same interactions I found 

in this corpus study would be seen in a behavioral study designed to elicit overregularizations. In 
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the future, behavioral studies using sentence completion tasks should use nonce verbs and 

manipulate the phonotactic frequencies of the form to test this possibility. 
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CHAPTER 4: CONCLUSION 

4.1 Summary of Main Findings 

This dissertation addressed several ongoing issues on the topic of language development, 

including: 1) the syntactic categorization debate and how grammatical morphemes fit into the 

discussion (Chapters 2 and 3); 2) how to interpret production as reflecting a knowledge state 

(Chapter 3); and 3) whether children are conservative or liberal in their generalizations and how 

that bears on theories of language development (Chapter 2). The results presented in this 

dissertation strongly suggest that English past tense overregularizations in production are not 

driven by morphosyntactic learning as previously hypothesized (e.g. Marcus et al., 1992, 

Tomasello, 2000). The series of behavioral experiments in Chapter 2 focuses on English-

acquiring infants’ perception of overregularized past tense forms. The data show that 16-month-

olds can discriminate between (1) overregularized verbs vs. nonce verbs + ‘–ed’ (e.g. ‘lendled’); 

and (2) overregularized verbs vs. noun stems marked with ‘–ed’ (e.g. ‘crib–ed’). These results 

indicate that children have enough experience with English by 16 months of age to represent 

VERB + ‘–ed’ months before they begin to overregularize in production. The examination of 

corpus data presented in Chapter 3 suggests that production of overregularizations reflects some 

process other than one of syntactic categorization. A series of linear mixed effects models 

showed that when children do start to overregularize in production, these formulations are driven 

by production-specific factors, such as phonotactic probability, as well as by overall 

sophistication of the linguistic system, as reflected by age and MLU, instead of reflecting newly 

emerging morphosyntactic knowledge. 

4.2 What Can Perception Tell Us About Syntactic Categorization? 

The perception studies reported in Chapter 2 bear on two issues in language development: 1) 
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When and how do syntactic categories emerge? and 2) Are children conservative or liberal in 

their abstractions from linguistic input? Recall that the previous literature has shown that by 16-

months-old, children are segmenting bound morphemes from host words, even though they are 

not yet producing these forms (Mintz, 2013; Santelmann & Jusczyk, 1998; Shady, 1996; Shady 

et al., 1995; Soderstrom et al., 2007), and young children use distributional information to 

differentiate among words of different syntactic categories before attaching meaning to these 

units (Gerken & McIntosh, 1993; Gerken et al., 2005; Golinkoff et al., 2001; Kedar et al., 2006; 

Shady & Gerken, 1999; Soderstrom et al., 2007). Thus, 16-month-olds have the skills necessary 

to discern the relationship between VERB + ‘–ed’. How, then, do children reconcile the fact that 

‘walk’ can appear with ‘–ing’, ‘–s’, and ‘–ed’, while ‘break’ can only appear with a subset of 

those morphemes (i.e. ‘–ing’ and ‘–s’)? These linguistically-motivated, non-accidental gaps in 

the distributional paradigms of forms like ‘walk’ and ‘break’ are a result of language-based 

inconsistencies in the grammar. Meanwhile, children are also exposed to accidental, chance-

based gaps in distributional paradigms. Some researchers have suggested that children are 

initially conservative and fail to treat irregular verbs like ‘break’ as belonging to the same class 

as regular verbs like ‘kick’, using the narrative of U-shaped development as evidence: since 

children appear to go through a period in production of first producing the correct past tense 

form for irregular verbs, followed by a period of overregularization starting at about 2- to 3-

years-old (e.g. ‘breaked’ for ‘broke’; Brown, 1973), they must initially separate irregular and 

regular verbs into different categories, treating the gaps correctly as linguistically-motived. 

However, since perceptive abilities proceed productive abilities, we might be misinterpreting 

children’s knowledge by failing to examine perception. There is reason to believe children would 

be liberal in handling gaps in morphosyntactic paradigms: Grammatical morphemes that make 
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up particular distributional contexts (e.g., ‘–ing’ attaches to verb stems only) are treated by 

young children as highly associated (Gerken et al., 2005; Höhle et al., 2004; Shi & Melaçon, 

2010). There is evidence that older children (5- to 7-year-olds) are liberal and initially form 

robust, general syntactic categories and clean up the exceptions later (Hudson et al., 2005), but it 

is not clear if younger children are doing the same.  

The experiments reported in Chapter 2 add to and extend the previous literature by 

showing that 16-month-olds are liberal when filling in gaps in morphosyntactic paradigms and 

are indeed forming a robust, general syntactic category of VERB (e.g. Hudson et al., 2005) much 

earlier than previously reported in the literature (cf Marcus et al., 1992; Tomasello, 2000a; 

2000b). Across three experiments, I manipulated past tense overregularizations—a form in 

production that has been previously tied to the development of a rule and definitive proof that 

children have the category of VERB—to examine whether 16-month-olds are liberal in their 

abstraction about the past tense and expect that previously heard irregular verbs should occur 

with the English grammatical morpheme ‘–ed’. I reasoned that, if 16-month-olds indeed are 

filling in gaps in morphosyntactic paradigms and can predict the existence of past tense forms 

like ‘breaked’ and ‘catched’, they should, at the very least, discriminate these paradigm-

completing yet never-heard-forms from other similar forms which do not complete a paradigm.  

Using a preferential listening task, toddlers exhibited a familiarity preference for 

overregularized real verbs over (1) nonce verbs marked with ‘–ed’ (Exp. 1b) and (2) familiar 

nouns + ‘–ed’ (Exp. 1c). It is important to note that the results from Exp. 1a do not show 

significant discrimination of overregularized forms versus their correct counterparts, suggesting 

that children are equally familiar with the overregularized and correct forms and have a 

preference for neither. Thus, 16-month-olds had learned at least two types of information about 
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English before they entered my experiment. First, they recognize familiar verb stems: they 

distinguish familiar stems from nonce stems in Exp. 1b and from familiar noun stems in Exp. 1c. 

The fact that these 16-month-olds were able to discriminate overregularized verbs from English 

nouns + ‘–ed’ (Exp. 1c) strongly suggests toddlers have discovered that the past tense morpheme 

attaches to members of the class VERB and not the class NOUN. It follows that, at 16-months-old, 

children have proto-categories VERB and NOUN. Second, children associate the members of the 

set of frequent verbal morphemes (e.g., ‘–ing’, ‘–s’, ‘–ed’), such that, if they have encountered 

one or more of these morphemes attached to a verb (outside of the lab), they expect that the 

associated morphemes should also attach to that verb (Exp. 1a, Exp. 1b, and Exp 1c). Taken 

together, the experiments strongly suggest that 16-month-olds treat verbal morphemes (e.g., ‘–s’, 

‘–ing’, ‘–ed’) as sufficiently associated that they expect that ‘–ed’ will apply to verbs to which 

they have never heard this morpheme applied. This could be because the irregular/regular 

dichotomy is not clearly demarcated as a linguistically-motivated gap. What my data show is that 

children are treating the linguistically-motivated gap between irregular verbs and regular verbs 

and the co-occurrence of ‘–ed’ as an accidental gap like the accidental absence of 'danced' in the 

Adam corpus (Chapter 1). Thus, when children are faced with gaps in morphosyntactic 

paradigms, they are not conservative. Note that this explanation of this pattern of results is very 

similar to the explanation offered for older children’s past tense overregularization in production. 

On the production account, children begin to incorrectly attach ‘–ed’ to irregular verbs because 

they have discovered the past tense rule, and, importantly, because they are treating irregular 

verbs as members of the larger class of verbs (e.g. Brown, 1973; Marcus et al., 1992). The only 

difference is that I have found evidence for such expectations about syntactic categories and their 

likely distributional contexts six or more months earlier.  
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 Recall there are three competing theoretical positions that have influenced the way the 

field looks for evidence of syntactic categories in early language: Semantic Bootstrapping, the 

Verb Island Hypothesis (or similar piecemeal approaches), and Distributionally Based Category 

Formation. For proponents of Semantic Bootstrapping and the Verb Island Hypothesis, the main 

evidence employed to demonstrate tacit knowledge of syntactic categories is semantic reference; 

proponents of both theories believe that learning does not begin in the absence of a referential 

link. For proponents of Distributionally Based Category Formation, the main evidence employed 

is knowledge of distributional patterns, since proponents argue children are extracting structural 

properties of their language before they attach meaning to these units. My findings support 

previous studies on early syntactic categorization that show children are able to use distributional 

information without the need for semantic content (Gerken et al., 2005; Höhle et al., 2004; Shi & 

Melançon, 2010). This in opposition to the Verb Island Hypothesis and Semantic Bootstrapping 

accounts because both theories believe that word and category learning does not begin in the 

absence of a referential link. However, these results do not completely rule out Semantic 

Bootstrapping as a potential mechanism at play in early syntactic categorization because I did not 

directly test whether grammatical categories are innate. These results do suggest that 1) 

distributional cues can be used by children independent of referential information and 2) 

English-acquiring children have relatively early tacit awareness of the generalizability of the ‘–

ed’ morpheme to verb forms. This is incompatible with the Verb Island Hypothesis which posits 

that early grammars are constructed on a verb-by-verb basis, and when verbal grammatical 

morphemes emerge, these morphemes are not evenly distributed across all verbs (Bloom, Lahey, 

Hood, Lifter, & Fiess, 1980; Pine & Lieven, 1997; Pine et al., 2013; Tomasello, 1992; 2000a; 

2000b). Finally, these results are compatible with both the Semantic Bootstrapping Hypothesis 
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and Distributionally-based Category Formation. Both accounts argue that abstract syntactic 

categories are part of children’s relatively early tacit knowledge of their input, either innately, or 

via children’s early extraction of structural properties of their language.  

 My data ultimately suggest that 16-month-olds have abstract syntax. Determining 

whether children’s early productions represent abstract syntax (via reference or distribution) or 

are item-specific chunks has posed a major challenge to language acquisition researchers (Shi, 

2014): the perception experiments show that the application of the VERB + ‘–ed’ entails the 

existence of an abstract grammatical category of VERB because children do not mistakenly add ‘–

ed’ to members of other grammatical categories (i.e., NOUN in Exp.1c). As noted in the 

introduction, previous research examining 14-16-month-olds’ tacit knowledge of the co-

occurrence associations of grammatical morphemes and pseudowords have found the ability to 

generalize from familiarization to test with nouns, but not verbs (Höhle et al., 2004; Shi & 

Melançon, 2010). Chapter 2 describes a series of experiments that contradicts the verb finding of 

these studies. The asymmetry in the pattern of results across studies might indicate that different 

grammatical morphemes in different languages may be more or less reliable predictors of the 

category membership of co-occurring nouns and verbs. In support of the latter view, the 

indefinite article in German is followed by a noun more often than not, while the personal 

subject pronoun in German can proceed members of the grammatical categories of VERB, NOUN, 

ADVERB, or DETERMINER (Höhle et al., 2004). Höhle et al. concluded that the personal pronoun is 

a less reliable cue to grammatical category than the indefinite article in German (2004). My 

results also suggest that verb contexts such as ‘–ed’ are discovered at about the same time as 

noun contexts (somewhere between 14 and 16 months). This could be because the ‘–ed’ 

morpheme appears in a fixed position in English—it is always proceeded by a verb stem. Since 
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this morpheme is stable in speech, its properties may be more salient if infants and toddlers are 

searching for repeated patterns or co-occurrences, as I have argued. This points to liberal 

generalization of co-occurrence patterns when the appearance of the co-occurrence is frequent 

and reliable.  

4.3 What Do Overregularizations Tell Us About Production? 

 The studies on children's production reported in Chapter 3 bear on the question of how to 

interpret production as reflecting a knowledge state. Most of the previous literature interpreted 

the emergence of past tense overregularization in production as the emergence of the abstraction 

that ‘–ed’ is added to verbs since children do not erroneously add ‘–ed’ to members of other 

syntactic categories. Although this presentation of overregualization dominates the literature, 

there are at least three reasons to question the traditional account of overregularization in 

production that says these forms reflect knowledge of the past tense rule: 1) The experiments in 

Chapter 2 suggest that 16-month-olds tacitly know ‘–ed’ combines with verbs, and not nouns, 

suggesting children discover important distributional properties of the English past tense earlier 

than when they begin overregularizing in production. Yet, even without this discovery, there are 

two additional crucial reasons: 2) children do not overregularize all or even most irregular verbs, 

with only about 4% of irregular verbs affected, and the correct use of irregular forms is never 

completely absent (see Figure 1; Marcus et al., 1992; Xu & Pinker, 1995), and 3) the rate of 

overregularization is affected by factors outside of morphosyntax. This dissertation is not the 

first to examine the overregularization of the English past tense or to use the Brown corpus, but it 

is the first to use the type of advanced statistical modeling utilized in Chapter 3 to estimate the 

presence of overregularizations in the speech of young English-speaking children, and evaluate 

the factors which influence them. The current examination of Adam and Sarah is restricted in its 
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capacity to generalize outside of the two children modeled. However, it provides a significant 

new starting point for future experimental research.  

 The previous, conservative view of the development of the past tense rule depends on the 

U-shaped account development. Children appear to go through a period in production of first 

producing the correct past tense form for irregular verbs, followed by a period of 

overregularization starting at about 2- to 3-years-old (e.g. ‘breaked’ for ‘broke’; Brown, 1973). 

Like previous studies, the overregularization rates for Adam and Sarah were variable across 

time, with overall low overregularization rates (Marcus et al., 1992), and there was never a 

period when correct irregular forms were missing completely. The U-shape we see for Adam and 

Sarah is also not a canonical U-shape when the data is graphed (see Figure 1; Marcus et al., 

1992; Plunkett & Marchman, 1991; 1993). Again, the overregularization of ‘–ed’ does not 

appear on all or even most of irregular verbs in the child’s verb vocabulary. Instead, the graphs 

show only small dips from ceiling performance: micro U-shaped development, a pattern seen on 

a smaller scale and for only a subset of verbs (Plunkett & Marchman, 1991; 1993). Instead, the 

‘U’ we see for Adam and Sarah is a period of correct productions before a period of 

overregularizations. Both Adam and Sarah make fewer overregularizations at earlier 

ages/smaller MLUs than later ages/larger MLUs for some verbs. When they do overregularize, 

the patterns are driven by verb frequency and the similarity of the overregularized form to other 

words in the language (as shown by the interaction with COCA and biphone probability).  

 The data also confirmed that not all verbs were affected equally by overregularization 

(Bybee & Slobin, 1982; Kuczaj, 1977; Marchman, 1997; Marchman & Bates, 1992; Marcus et 

al., 1992) and overgeneralizations were indeed affected by factors outside of morphosyntax. 

Both Adam and Sarah make more overregularizations when lexical frequency is low. Difference 
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in source of frequency (parental or own) could be real or could be an artifact of the study. Recall 

that, for the purposes of generalizability, I used a general measure of frequency (i.e. COCA 

frequency), and a common measure of linguistic sophistication (i.e. age) to investigate 

commonalities between the two children. Sarah’s own production frequency and Adam’s 

parents’ frequency were the frequencies that truly captured the children’s best-fitting models. 

There may be no true quantitative difference in how the frequency of child and parent and a 

general measure of frequency influences overregularizations, but this study was only able to 

capture what was reflected in the transcripts. Future research should keep this in mind when 

investigating the effect of lexical frequency. 

 When comparing across Adam and Sarah, there are important commonalities. For example, 

both children at some point are much more likely to overregularize if the overregularized form 

has a higher biphone probability. This commonality suggests that each child goes through a stage 

where they overregularize to make the irregular verbs more English-like, i.e. produce the form 

that has a higher probability phonotactically. This is congruous with studies like Edwards et al. 

(2004) who found that children substitute higher-frequency sequences for lower-frequency 

sequences, and this was most notable at 3- to 4-years old. However, this pattern is seen at 

different stages for the children: for Adam at higher frequencies and for Sarah at lower 

frequencies. This could mean that the children are using different processing strategies when 

verb forms are infrequent, which might be related to their different socioeconomic backgrounds 

(Pace et al., 2017).  

4.4 Future Directions  

In the future, behavioral studies using sentence completion tasks should use nonce verbs 

and manipulate the phonotactic frequencies of the forms to test the possibility that the 
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probabilities not only affect spontaneous speech, but elicited as well. Further, although the 

current study was not directly concerned with the rate of overregularizations in the child output, 

the contrasting results between this study and Bybee & Slobin 1982's behavioral study also 

warrants further investigation with different behavioral techniques and with different age groups, 

especially if a child’s performance on a behavioral task influences diagnostic measures of 

development or influences a referral to speech or language services, for example (e.g. Pauls, 

Macha, & Petermann, 2013).  

The results presented in Chapter 2 suggest that distributional cues can be used by children 

independent of referential information. In the future, the results found here could be further 

confirmed by designing a perception study that looks at reference. For example, two groups of 

16-month-olds could be presented with two pictures, one that is congruent with the sentence 

‘Snoopy caught/catched the ball’, and one that is not: do children look more to the correct picture 

when they are presented with sentences containing overregularized forms like ‘catched’ versus 

the correct forms like ‘caught’? If they look to the correct picture more often than chance with 

the overregularized forms, then this would further support the results from Chapter 2. 

 In the future, it will be important to systematically investigate the effect of biphone 

probabilities and lexical frequency on the comprehension of English-learning infants and 

production of English-speaking children. It is unclear why the frequency of a verb has different 

effects on the appearance of overregularizations of Adam and Sarah. It could be related to 

socioeconomic status, so future studies should examine this discrepancy and be careful to control 

for background. It is also unclear if the same interactions I found in this corpus study would be 

seen in a behavioral study designed to elicit overregularizations.  

 Finally, since our data point toward an early, liberal categorization of regular and irregular 
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verbs into the same distributional category that allows the application of ‘–ed’ to all members, it 

would appear that children have a potential semantic gap. This series of experiments did not 

specifically address the question of whether 16-month-olds associate meaning to the tested 

forms, but if they do, then my data would suggest a semantic gap in the children’s lexicon since 

they do not seem to associate ‘broke’ with ‘break’. This remains an open issue. As noted above, 

it is possible that discovering this semantic gap is what drives children to abandon 

overregularized forms like ‘breaked’ in favor of the correct past tense forms like ‘broke’. 

Alternatively, after morphologically analyzing hundreds of thousands of utterances, children may 

discover the absence of words like ‘breaked’ constitutes a suspicious coincidence (e.g., Griffiths 

& Tenenbaum, 2007) and thereby begin to consider the possibility of a sub-class of irregular 

verbs. 

4.5 Final Thoughts 

Evidence reported in this dissertation supports the conclusion that 16-month-olds exhibit 

an early expectation that English verbs, and not nouns, co-occur with the verbal, past tense ‘–ed’ 

morpheme. This knowledge suggests relatively early syntactic categorization of verbs and 

illustrates a rather liberal application of ‘–ed’ to all members of the category of VERB. Further, 

through advanced logistic mixed modeling, it was possible to see an overlooked aspect of 

overregularization: the effect of the interaction between biphone probability and lexical 

frequency across time on the presence of overregularizations.  

16-month-olds’ apparent sensitivity to the English past tense rule, coupled with an 

alternative explanation for past tense overregularizations in production suggest that the U-shaped 

learning function attributed to English past tense development in previous research is not due to 

children’s tacit discovery of the systematicity of English past tense, but is an epiphenomenon of 
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aggregating data over a few verbs and over individual children. Although previous researchers 

have noted that a canonical U-shape does not actually exist (Marcus et al., 1992; Plunkett & 

Marchman, 1991; 1993), this is the narrative that has been disseminated in textbooks (Plunkett & 

Marchman, 1993), and, given this work, this is a narrative that should be reexamined.  

  



 99 

APPENDIX A: FREQUENCIES OF UNINFLECTED ROOT FORMS AND CORRECT 
PAST TENSE FORMS OF THE VERBS INCLUDED IN THE BEHAVIORAL STUDY 
 
 
 Root Past 
Catch 30180 42275 
Break 72838 26228 
Run 114228 45684 
Fall 67561 39077 
Drink 28501 6568 
Bring 84674 75253 
Take 333477 172269 
Throw 22521 16917 

Note. All frequencies taken from the Contemporary Corpus of American English (Davies, 2008).  
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APPENDIX B: ADAM AND SARAH’S BEST FITTING MODELS 
 
Estimated fixed effects coefficients, standard errors, and 95% confidence intervals for Adam’s 
best fitting model 

 Estimate Standard Error Z score P 

(Intercept) 0.34 11.36 0.03 0.98 

Phonotactic probability -2.18 13.30 -0.16 0.87 
(Age scaled)2 -9.95 13.41 -0.74 0.46 
Log(Parent freq scaled) 9.87 19.95 0.50 0.62 
Age scaled 21.14 19.37 1.09 0.28 
Biphone -5.00 6.27 -0.80 0.42 
Neighborhood density -1.27 7.26 -0.18 0.86 
PP x (age scaled)2 16.39 9.82 1.67 0.10. 
PP x Log(parent freq scaled) -5.94 23.45 -0.25 0.80 
(Age scaled)2 x Log(parent freq scaled) -22.88 24.82 -0.92 0.36 
PP x age scaled  -0.48 14.04 -0.03 0.97 
Log(parent freq scaled) x age scaled 33.14 34.40 0.96 0.34 
(Age scaled)2 x biphone -2.95 1.40 -2.11 0.035* 
Log(parent freq scaled x biphone) -7.76 11.31 -0.69 0.49 
Age scaled x biphone -14.14 9.01 -1.57 0.12 
(age scaled)2 x neighborhood density -30.15 12.12 -2.49 0.01* 
Log(parent freq scaled) x neighborhood density -4.07 12.77 -0.32 0.75 
Age scaled x neighborhood density -17.93 14.47 -1.24 0.22 
PP x (Age scaled)2 x Log(parent freq scaled) 29.61 18.61 1.59 0.11 
PP x Log(parent freq scaled) x age scaled 0.52 25.88 0.02 0.98 
Log(parent freq scaled) x age scaled x biphone -28.04 16.21 -1.73 0.08. 
(age scaled)2 x Log(parent freq scaled) x ND -49.57 19.50 -2.54 0.011* 
Log(parent freq scaled) x age scaled x ND -26.28 23.47 -1.12 0.26 

*  significant at .05, significant at .10 
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Estimated fixed effects coefficients, standard errors, and 95% confidence intervals for Sarah’s 
best fitting model 

 Estimate 
Standard 

Error 
Z 

score 
P 

(Intercept) -6.46 2.08 -3.11 0.002** 
Log(production freq scaled) -1.42 1.39 -1.02 0.31 
MLU scaled -0.26 1.33 -0.20 0.84 
Biphone -1.10 1.43 -0.77 0.44 
Neighborhood density 2.24 1.80 1.24 0.21 
Log(production freq scaled) x MLU scaled -1.66 1.05 -1.59 0.11 
Log(production freq scaled) x biphone -1.32 1.07 -1.23 0.22 
MLU scaled x biphone 1.60 1.11 1.44 0.15 
Log(production freq scaled) x MLU 1.28 0.95 1.34 0.18 
Log(production freq scaled) x MLU scaled x 
biphone 

1.86 0.93 1.99 0.047* 

* significant at .05 ** significant at .01 
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APPENDIX C: SARAH’S 3-WAY INTERACTION BETWEEN BIPHONE 
PROBABILITY, MLU, AND COCA FREQUENCY 
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