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Consonant assimilation between noncontiguous consonants within words is one of 

the characteristic error patterns for children reported in observations of the earliest 

periods of speech acquisition. Previous analyses of consonant assimilation in young 

children have been based on formal phonological theories. However, phonological 

perspectives do not provide comprehensive explanations for potential mechanisms 

underlying children‟s output forms when they are different from adult forms. The present 

study tests the hypothesis that functionalist phonetic approaches have the potential to 

provide a more comprehensive explanation for assimilation patterns in children‟s speech 

output. 

Consonant assimilation patterns were observed from the onset of word use 

(approximately 12 months) to 36 months of age in ten English-speaking children. 

Assimilated forms in consonant-vowel-consonant (CVC) and consonant-vowel-

consonant-vowel (CVCV) words produced by these children were analyzed. Predictions 
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based on the Frame/Content perspective were evaluated relative to place and manner 

characteristics, vowel context, word level, and development over time. 

Results confirmed the prediction that motorically less available forms assimilate 

to more available forms in children acquiring ambient language speech patterns. Labial 

and coronal place of articulation more frequently motivated assimilation than dorsal. Stop 

and nasal manner of articulation more frequently motivated assimilation than fricative. 

The vowel context effects in assimilated forms were stronger for lingual consonants than 

labials and greater for CVCV more than CVC word forms. A word shape effect was 

observed related to place characteristics, direction of assimilation, and vowel context. A 

word position effect was observed for manner assimilations. Analysis of developmental 

trends revealed that children maintained a preference for motorically available forms in 

assimilations. The vowel context effects decreased over time.  

These findings suggest that patterns of consonant assimilation in these children 

are strongly motivated by behaviors already available within their production system 

capacities from the pre-linguistic babbling period, rather than being driven by patterns 

found in the targets they are attempting. Results also suggest that perceptual influences 

from language input may influence assimilation patterns to a lesser extent. Functionalist 

phonetic approaches that emphasize the understating of the production system and 

perceptual influences played a seminal role in understanding of children‟s speech 

development relative to assimilation patterns. 
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Chapter 1: Introduction  

Consonant assimilation refers to the use of an inaccurate speech form that is 

characterized by reduplication of a preceding or following consonant within a word (e.g. 

[dɔd] or [gɔg] for „dog‟). At the onset of word use, young children often repeat the same 

consonant within a word (Vihman, 1996, Davis, MacNeilage, & Matyear, 2002). In 

contrast, adult words in languages show a below-chance-level of reduplication for 

consonant sequences within words (Ladefoged & Maddieson, 1996). Consonants in 

languages are often comprised of combinations of varied place and manner of 

articulation. Consonant assimilation has frequently been a subject of study in child 

phonological development because it is one of characteristic error patterns for children 

reported in observations of earliest periods of speech acquisition. 

 Previous analyses of consonant assimilation in children have been based on 

formal phonological theories (e.g. Smith, 1973, Ingram 1974, Stoel-Gammon et al., 1994, 

Pater 1997). Authors have proposed that the observed speech forms stem from a child‟s 

attempts to realize abstractly (or mentally) represented phonological patterns and the 

nature of acquisition as revealing a priori linguistic knowledge. From a phonological 

account, assimilation has been deemed a result of a phonological rule (Smith, 1973) or, 

within contemporary Optimality Theory, a constraint re-ranking (Pater, 1997). Although 

phonological perspectives have systematically described patterns in output forms based 

on postulated underlying representations, they do not provide explanations for potential 

mechanisms underlying children‟s output forms when they are different from adult forms. 

These characterizations of assimilation patterns have not incorporated the status of the 

production system in accounting for the observed patterns. 
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The present study tests the hypothesis that functionalist phonetic approaches have 

the potential to provide a more comprehensive explanation for children‟s speech 

development, in particular for assimilation patterns. Phonetic approaches (e.g. Kent & 

Bauer, 1985, Studdert-Kennedy, 1987, MacNeilage & Davis, 1990) attempt to account 

for early speech output in terms of production system capacities rather than in terms of 

realization of mental representations. The Frame then Content (F/C) theory (MacNeilage 

& Davis, 1990), a production-system-based view, suggests that early speech forms are 

better characterized when considering of limited movement capacities available to young 

children. In the F/C view, assimilation in early words may be attributed to limited 

production system capacities to produce diverse speech movements required by lexical 

targets. The resolution of assimilation may show how children achieve serial complexity 

to match their ambient language from the production based substrate observable in their 

earliest vocalization patterns.  

The present study explores consonant assimilation patterns observed from the 

onset of word use to 36 months of age in ten English-speaking children. Predictions 

based on the Frame/Content perspective are comprehensively evaluated relative to place 

and manner characteristics, vowel context, word level, and development over time. In 

Chapter 2, previous studies of consonant assimilation in children from phonological and 

phonetic approaches are reviewed. In Chapter 3, study predictions based on a production 

system based perspective are described. Methods and results of analysis of this study are 

summarized in Chapter 4 and Chapter 5. Chapter 6 discusses the implications of study 

findings.  

The overall aim of this study is to evaluate evidence of support for the argument 

that production-system-based perspectives have explanatory potential in accounting for 

and predicting early speech forms. Study of consonant assimilation in early words and the 
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processes by which diversification of movement series are achieved is important to 

understanding of the general and unique paths young children tread in acquiring serial 

movement complexity underlying accuracy for word targets. The acquisition of serial 

complexity needed for accurately matching lexical forms is a key issue in understanding 

speech production mechanisms underlying emergence of ambient language complexity. 
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Chapter 2: Background 

2.1. CONSONANT ASSIMILATION IN CHILDREN 

Assimilation refers to a speech form where one speech sound changes to another 

sound which is found within the same word (Stoel-Gammon & Stemberger, 1994). 

Consonant assimilation between noncontiguous consonants within words (e.g. [gɔ g] for 

„dog‟) is a characteristic pattern in young children‟s output. Assimilation has been 

described as occurring frequently from the emergence of early words (around 12 months) 

through three years of age (Vihman, 1978). In contrast, very few adult languages show 

consonant assimilation between noncontiguous consonants. For example, Vihman (1978) 

found consonant assimilation in only three of 88 languages. In adult systems, vowel 

harmony (e.g. räj + ahta + (t)a → [räjähtää] in Finnish) or assimilation in contiguous 

segments such as palatalization (e.g. /k, g/ to [ʧ,ʤ] before /i, e/ such as gatʰi > [gaʨʰi] in 

Korean) are more common. If one sees contiguous consonant assimilation such as [ast] 

for „ask‟, one can intuitively suggest that mechanical ease of articulation should account 

for the adjacent consonants. However, for noncontiguous assimilation such as [gɔg] for 

“dog”, our intuitive notion of simplicity can be challenged. Because consonant 

assimilation is a phenomenon specific to child acquisition, it has been a subject of study 

in child phonological development (e.g. Smith, 1973; Menn, 1975; Vihman, 1978; Stoel-

Gammon & Stemberger, 1994). The child specificity was a problem to early phonological 

theories which assumed child underlying representations are consistent with adults.  

Types of consonant assimilation studied previously include place assimilation, 

manner assimilation, and progressive and regressive assimilation in terms of direction of 

assimilation. Place assimilation indicates that a consonant in a word assimilates to the 

other consonant in place of articulation. For example, a child‟s production [gʌk] for 
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„duck‟ indicates dorsal assimilation targeting a coronal consonant. The child production 

[bap] for „top‟ indicates labial assimilation targeting a coronal. Within place assimilation, 

dorsal and labial assimilations have been reported as being more common than coronal 

assimilation in many studies (Ingram, 1974; Smith, 1973; Menn, 1975; Stoel-Gammon & 

Stemberger, 1994; but see Lee, 2005).  

Manner assimilation has been less often analyzed than place assimilation (except 

Stoel-Gammon and Stemberger, 1994). A child‟s form [nɔ:ni:] for noisy is an example of 

nasal assimilation targeting a fricative. Within manner assimilation, nasal and fricative 

assimilations targeting stops has been previously reported as being common (Stoel-

Gammon & Stemberger, 1994).  

Regressive assimilation indicates that a preceding consonant assimilates to the 

following consonant in a sequence (e.g. [gak] for dark). In contrast, if a following 

consonant assimilates to the preceding one (e.g. [kok] for „coat‟), progressive 

assimilation is indicated. Regressive assimilation has been described as the more 

common pattern (e. g. Smith, 1973; Vihman, 1978; Cruttenden, 1978; Stoel-Gammon & 

Stemberger, 1994).  

Although general patterns of assimilation in early words have been explored, 

there is not a consensus characterizing these patterns. Variations across and within 

children have been in question. The explanation for underlying mechanisms in observed 

patterns remains to be answered.  

 

2.2. THEORIES OF SPEECH ACQUISITION 

Phonological approaches describe early speech patterns as mentally instantiated 

phonological processes or rules intervening between an intact mental representation and 

the need for the child to produce output with a constrained production system. In contrast, 
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phonetic approaches (e.g. Kent, 1992, Lock, 1983, Lindblom, 1992; MacNeilage & 

Davis, 1990) focus on performance and the function of children‟s speech production and 

perception systems in building complexity in production output and in eventual 

phonological knowledge. This chapter will consider available research to discuss how the 

consonant assimilation of early characteristic patterns has been described within 

phonological versus phonetic perspectives.  

 

2.2.1. Phonological Approaches 

Phonological approaches share the assumption that output forms of children are 

realizations of a priori underlying mental representations and/or constraints on realization 

of output. Phonological studies of consonant assimilation in children have employed 

several different theoretical frameworks. Classic generative phonology (Smith, 1973, 

Ingram, 1974), cognitive phonology models (Kiparsky, 1985, Macken & Ferguson, 

1983), non-linear phonology (Stoel-Gammon & Stemberger, 1994, Dinnsen et al. 1997), 

and more contemporary approaches such as Optimality Theory (Pater, 1997, Pater & 

Werle, 2003) are included in this perspective.   

 

2.2.1.1. Classic Generative Phonology  

Universal template 

Early generative phonology under influence of Chomsky and Halle‟s (1968) 

theory attempted to characterize phonological development in young children‟s speech by 

writing a set of phonological rules (e.g. Smith, 1973; Ingram 1976). The phonological 

rules were considered as a priori mental templates by which child output patterns are 

formulated. Early generative phonologists assumed that children have the same linguistic 



 7 

capacities as adults at birth. Children then acquire adult forms through changing 

phonological rules for formulating output across development. In particular, linguists 

(e.g. Smith, 1973; Ingram, 1976) were interested in any general or universal phonological 

processes that may occur in children learning many different languages. Assimilation was 

proposed to be a universal mental template which children should employ to escape 

across development in order to learn their language.  

Smith (1973) diary study was a major work of classic generative phonological 

studies in child phonology. This was a study of the author‟s son Amahl from the age of 

2;2 to 3;11. Smith proposed strictly ordered a set of 26 phonological rules (which he 

called realization rules) for characterizing the regularity in the child‟s speech. Consonant 

assimilation was one of universal mental templates from Smith‟s view. A primary 

realization rule motivating consonant assimilation in Amahl‟ speech was the following:  

Coronal consonants assimilate to the place of articulation of a following 

consonant  

Based on this rule, dorsal (and labial) assimilation targeting coronals (e.g. [ga:k] 

for „dark‟) is more frequently expected than the reverse (e.g. [dat] for „dark‟). Regressive 

assimilation should be more common than progressive assimilation. However, variations 

of the pattern in different contexts were observed in Amahl‟s speech (e.g. [gik] for 

„kiss‟). Smith proposed a list of realization rules to function for consonant (or vowel and 

consonant) assimilation for all variations observed. However, he did not explain why the 

variation was present. 

Ingram (1976) also proposed a list of segmental processes which were generally 

found in child phonology. Three types of processes include assimilation, substitution, and 

simplification. Like Smith, Ingram viewed consonant assimilation as a universal 

phonological process (or template) which a child must use to realize output at an early 
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stage of development. For Ingram, assimilation represented the tendency to maintain the 

same place of articulation for all of the consonants in a word (e.g. either [dɔd] or [gɔg] 

for „dog‟). Ingram‟s proposal assumed place assimilation only. Manner assimilation was 

categorized as a substitution (e.g. voicing/devoicing or stops for fricatives, etc.) rather 

than assimilation. 

Classic generative phonology studies suggested a set of phonological rules 

motivating consonant assimilation observed in children‟s output. Both Smith and Ingram 

proposed a primary rule of dorsal (and labial) assimilation targeting the following coronal 

consonant within words. However, they did not account for why the rules were 

formulated or where the rules came from. In addition, „psychological reality‟ of the 

phonological rules in their framework has often been criticized. It is hard to understand 

how a child having an underlying representation which is identical the adult form 

subsequently changes it to create a new impoverished form. Variation within and across 

children (e.g. Vihman, 1978) and counter examples of the predicted general pattern (e.g. 

Menn, 1974) were not explained in early treatments of this issue. 

 

2.2.1.2. Cognitive Phonology Models 

Strength hierarchy 

In response to „universal template claims‟ of classic generative phonology, some 

researchers emphasized individual cognitive strategies in development of phonological 

knowledge within individual children. This cognitive approach was more consistent with 

psycholinguistic models of developmental phonology. Cognitive phonologists (e.g. 

Macken, 1995; Kiparsky & Menn 1977; Macken & Ferguson, 1983) assumed children‟s 

underlying representation differed from their abstract representation. They suggested 

children must invent some rules which simplify the forms to be produced from what they 
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perceived. Through cognitive processes such as hypothesis testing and problem solving, 

the child was seen as actively involved in acquisition of the sound system of the ambient 

language. Each child might take a different route in acquiring the phonology of her 

language.  

Menn (1975) investigated her son Daniel‟s speech between 2;0 and 2;10. As 

counter examples to a universal process claim, Menn found the child had his own 

assimilation rules: 1) initial consonant becomes homorganic to final consonant and 2) 

„weaker‟ consonants assimilate to „stronger‟ ones. Her proposed „strength hierarchy‟ 

indicated the order of coronal<labial<dorsal with increasing strength. In Daniel‟s case, 

coronals and labials should assimilate to dorsals and dorsals and labials should not 

assimilate to coronals (e.g. [gɔgi] rather than [dɔdi] for „doggy‟).   

Vihman (1978) reported consonant harmony patterns as being varied among 

children. Vihman investigated consonant harmony in thirteen children ages 0; 7 to 3;5 

from six different languages, including Chinese, English, Estonian, Czech, Slovenian, 

and Spanish. She interpreted individual differences in strategies, and paths of 

development between children as accounting for a result of differences in output patterns. 

However, no follow-up studies focusing on individual variations on assimilation patterns 

have been reported cross linguistically.   

Cognitive approaches attempted to describe individual variability more than 

generative phonology. They considered both external factors such as the frequency and 

salience of speech input and internal factors such as the probability of accidentally 

producing assimilation to account for phonological strategies children used. However, 

why the individual differences were observed is still unclear based on these analyses. 

Menn (1978) suggested that individual variation may depend on the state of a child‟s 

knowledge at a given time. A child may discover how to say [l] before how to say [j], or 
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the reverse may be true. In this case [l] is easier than [j] only because this child happens 

to have found out how to make an [l] first. She did not provide a clear explanation why 

some sound patterns occur more than others. 

 

2.2.1.3. Non-linear phonology 

Underspecification theory 

Some current phonological theories are based on nonlinear models, differing from 

earlier classic generative phonology. In classic generative phonology, linear distinctive 

features specifying individual phonemes in a word are considered as the basic unit. Non-

linear phonology, in contrast, proposes hierarchical relationships among multilevel 

phonological units bigger than phonemes. For example, Goldsmith (1990) views features 

can be represented on one tier and segments in another parallel tier resulting in a 

multilayered representation. Nonlinear phonological conceptualizations include both the 

suprasegmental (or prosodic) level as well as the segmental level units. 

Underspecification theory (Kiparsky, 1985; Archangeli, 1988; Stoel-Gammon & 

Stembeger, 1994), one of the non-linear theories, proposes phonological representations 

in terms of their degree of underlying feature specification. In underspecification theory 

(e.g., Kiparsky, 1985), place or manner of articulation features of segments are either 

specified (as indicated by +) or unspecified (left blank) in underlying representations. 

Specified indicates “marked” items of contrastive features while unspecified indicates 

“unmarked” ones in phonology terms. These terms were employed to reflect naturalness 

in languages (e. g. Jakobson, 1941; 1968). Unmarked members of a phonological system 

are said to be more frequent or common in languages while marked ones are infrequent. 

Underspecification theory views that coronals and stops are underspecified for place and 
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manner feature respectively; labials/dorsals and nasals/fricatives as specified place and 

manner features for consonants.  

In this view, assimilation indicates a general pattern such that underspecified 

phonemes tend to assimilate to specified phonemes. Assimilation is seen as deriving from 

a process that spreads a specified feature to a target that is underlyingly underspecified 

for such a feature (e.g. Stoel-Gammon & Stemberger, 1994). For example, in the case of 

„duck‟ → *[gʌk], the consonant /d/ which underspecified for Place was targeted by the 

assimilation process. It receives a place specification from the other consonant in the 

words /k/ which is specified for Place by means of a spreading process. A representation 

is in below: 

 

[d   ʌ   k]       →   [g   ʌ   k] 

 

     Ø      Place          Place   Place 

 

       Dorsal                Dorsal 

 

Underspecification theory predicts that children will show a tendency for coronals 

to assimilate to dorsals or labials (e.g. [gʌk] for „duck‟); stop manner of articulation will 

assimilate to nasals or fricatives (e.g. [mæm] for „map‟). Labial and dorsal assimilations 

targeting coronals are equally predicted to occur in this view.   

Stoel-Gammon & Stemberger (1994) investigated assimilation patterns in 51 

English-learning children aged 9 to 24 months. They found that more children 

assimilated coronals (“unspecified”) to dorsals or labials (“specified”) frequently than 

children who showed the reverse tendency. For manner of articulation, more children 
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assimilated oral stops to nasals and fricatives than the reverse (e.g. [mæm] than [pæp] for 

„map‟). Similar cases of consonant harmony have been reported in other studies (e. g., 

Dinnsen, 1997).  

Because Underspecification theory describes early speech patterns at an 

underlying representation level, it does not adequately account for the level of the actual 

movements that children make to produce forms. This account assumes that assimilation 

process will take place if a word contains a combination of a consonant unspecified for 

place and a consonant specified for place in the child‟s underlying representation. Firstly, 

a blank or unspecified slot in mental representation is questionable. In addition, this type 

of analysis cannot successfully predict the interactions between the two specified 

categories such as labial vs. dorsal, or nasal vs. fricative. It is also hard to explain why 

coronal assimilation is often observed in some children. This approach also assumes that 

consonants and vowels reside on different planes in underlying representation. The vowel 

context has not been considered in this account (except Levelt, 1994).  

There are a few exceptions in the phonological literature to this lack of attention 

to vowel context. Some studies (Levelt, 1994; Fikkert, & Levelt, 2004; Dinnsen, 1997) of 

early acquisition analyzing patterns from a phonological perspective have also considered 

the role of vowels. For example, Dinnsen (1997) proposed the importance of vowel 

context in accounting for early speech error forms from an underspecification framework 

(e.g. Archangeli, 1988; Dinnsen, Barlow, and Morrisette, 1996). Dinnsen (1997), 

interpreting speech error patterns of a child with a phonological disorder, suggested that 

coronals and dorsals were replaced by each other depending on the context of adjacent 

back vowels (e.g. [te] for „cage‟; [de] for „leg‟ and „dress‟; [ka] for „Tom‟ or „cough‟). 

The underspecified consonants would acquire their place features from an assimilatory 

process that spreads place features from the adjacent vowel, according to this account. 
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Levelt (1994) viewed consonants and their adjacent vowels in assimilated forms 

as interacting with each other in terms of place of articulation features. She analyzed 

spontaneous speech samples of twelve Dutch-learning children from one to three years of 

age. No detailed statistical analyses were reported. She found that consonants and the 

intervening vowels within assimilated forms shared the same place of articulation at the 

first stage (e.g. [puf] for /pose/ “cat” in Dutch). Levelt suggested that features were 

specified in a word level rather than a segment level in early lexical output 

representations. Vowels were a primary trigger for feature specification in assimilation in 

her view. In case of [puf] for /pose/, Labial feature spreads from the intervening vowel /u/ 

rather than from the preceding consonant /p/.  

In a longitudinal study of 5 Dutch-learning children, Fikkert & Levelt (2006) 

reported consonant-vowel correlations in assimilated forms at the beginning of word use 

and then later labial-coronal sequence production for first variegated forms. The authors 

interpreted the patterns as being a result of emerging mental constraints in child grammar. 

They suggested that perceptual influences were involved rather than a production system 

based motivation. Vowels motivated assimilation because vowels were the more 

perceptually salient segments than consonants. Consonants were proposed to be less 

accurately identified for children with an early developing lexicon.  They suggest that 

labial assimilation dominance and labial-coronal sequences frequently occurred in their 

participants because their ambient language showed the high frequency of labial-initial 

words in the adult input.  

Even though these studies suggested the importance of vowel context in 

accounting for early speech forms, distinctive features and „Underspecification‟ which 

they assumed in their framework do not adequately account for the level of the actual 

movements the infant makes to produce the forms reported. Levelt (1994) and Fikkert & 
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Levelt (2006) collapsed CVC and CVCV word shapes for analysis so that word level 

complexity was not evaluated. Word level complexity effect may be an important source 

of variance in accounting for observed patterns. 

 

2.2.1.4. Optimality Theory 

More recently, Optimality theory (OT) has been proposed as a contemporary 

acquisition theory (Prince & Smolensky, 1993; Archangeli, 1988). The major difference 

of OT claims from previous theories is that OT accounts for differences between input 

and output form in terms of constraints, not in terms of processes or rules. A constraint is 

a limit on what constitutes a possible pronunciation of a word. A ranking of universal 

constraints is said to „select‟ the optimal candidate among all output candidates. The OT 

proposal is that the set of constraints is universal, but that the hierarchical order of theses 

constraints is language-specific. At the outset of acquisition, the set of universal 

constraints is in a default ordering. The child needs to determine the constraint hierarchy 

of his native language. Phonological output patterns arise from different rankings of basic 

simple constraints by determining the relevant constraints for a given pattern and the 

relative importance (ranking) of those constraints at a given time in individual children.  

Constraints have two basic categories, faithfulness and markedness. Faithfulness 

constraints indicate that accurate forms matching with adult forms are favored. 

Markedness constraints indicate that unmarked (i.e. common in language) structures are 

favored (Prince & Smolensky, 1993). Markedness constraints are more likely to underlie 

common forms in the ambient language in output production, while faithfulness 

constraints are likely to drive accurate forms in output. The underlying representation of a 

word constitutes a set of constraints on the surface pronunciation of a word. The 
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interaction of these constraints determines the pronunciation of a word. OT theorists also 

propose that constraints are re-ranked across development. That is, markedness 

constraints are preferred initially in child phonology. Then, across acquisition, 

faithfulness constraints are re-ranked to be higher so that children‟s output becomes 

similar to adult forms. OT phonologists also argue that the ranking of constraints is 

unique to each child system.  

Within an OT framework (e.g. Prince & Smolensky, 1993), consonant 

assimilations are treated as unmarked forms (e.g. Pater, 1997; Pater & Werle, 2001). 

These forms are triggered by higher-ranked markedness constraints. Markedness 

constraints give rise to faithfulness constraints in the course of development so that target 

complexity emerged in child output forms. 

The OT framework has attempted to accommodate individual differences and 

developmental changes in consonant assimilation patterns (Pater, 1997; Pater & Werle, 

2001, 2003). Pater & Werle (2003) analyzed one English-learning child‟s speech output 

from 1; 5 to 2; 2 of age. In their study, at age 1;9.2 labials and coronals assimilated to 

dorsals most frequently. At age 2;2 labial-to-dorsal assimilation disappeared while 

coronal-to-dorsal assimilation still remained in the child‟s speech. They proposed that 

constraints for place are re-ranked over time to result in a hierarchy such as coronals< 

labial< dorsals.  

Although OT provides systematic descriptions of more various aspects of 

phonological processes than linear generative phonological theories, their focus is still on 

the mental representation level. The only difference is that OT accounts for speech forms 

in terms of mental constraints instead of mental processes or rules. Child data analyzed 

within this perspective still does not explain why the constraints are present and why 

rankings change.  
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In short, most of the phonological theories share the assumption that genetically 

built-in mental representations and realization rules are major aspects underlying child 

output in early phonological acquisition. By suggesting universal rules or constraints as 

production strategies, phonological approaches attempt to provide a systematic 

description of output that is proposed to relate to mental representations underlying 

consonant assimilation phenomena. Even though they differ regarding the status of 

underlying representations as well as in how the representations are related to output, 

these perspectives view consonant assimilation as output forms manifesting a 

preprogrammed set of underlying mental representation. Most phonological studies 

reported dorsal (and labial) assimilation targeting coronals as a major pattern in early 

consonant assimilation. Motivations for the patterns are phonological rules (Smith 1973; 

Ingram, 1974), cognitive strategies based on consonant „strength‟ (Menn, 1975), feature 

specification processes related to underspecification (Stoel-Gammon & Stemberger, 

1994), or constraint interactions (Pater, 1997). 

However, they do not provide an explanation of why children choose certain 

production strategies as well as how certain output forms emerge from these rules or 

constraints. In addition, phonologists do not provide an explanation for why patterns 

between adults and children would be different if underlying representations are innate 

and universal. Phonological approaches provide systematic descriptions of output in 

relation to proposed mental knowledge representations, but some limitations can be 

pointed out. Linguistic features, mental rules, or constraints which are considered to exist 

at an abstract underlying level are not explicitly identified so far because direct 

evaluation of the child‟s knowledge or competence level is not possible. Phonological 

accounts suggest that relative frequency of occurrence is explanatory. However, the 

frequency of occurrence does describe the observed patterns, but not explain why these 
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patterns occur. Also, there is no consensus about the nature of children‟s underlying 

strategies (e.g. strength hierarchy, order of acquisition, underspecification, etc.) that 

results in early output  

Methodologically, many analyses of phonological development have employed 

small corpora of data from very small numbers of children. They are often based on diary 

studies from a single child or on a small amount of data from a larger number of children 

(except Vihman, 1978). Even though they show some extent of generality of speech 

output from a child, these small subject studies have not provided systematic or 

normative information incorporating variability. In order to be able to come up with 

systematic analysis that is detailed and generally valid, a suitable data corpus is needed.     

 

2.2.2. Phonetic/functional-based approaches 

In contrast to competence-based phonological approaches, phonetic approaches 

provide performance (or function) based explanations. Phonetic approaches characterize 

the nature of speech acquisition as being motivated by development of biologically based 

peripheral production system and perceptual capacities of the developing child (Kent, 

1992; Lindblom, 1992; MacNeilage & Davis, 1990). The emphasis is not on underlying 

mental representations or output rules, but on biomechanical properties of observable 

behavioral output.  

Production system oriented perspectives within phonetic approaches emphasize 

the capacities of the action system underlying observable vocal behaviors. For example, 

Thelen & Smith (1994) accounted for speech production acquisition as a result of 

coordination and complex interactions between the respiratory, laryngeal, and 

articulatory subsystems. Kent (1984, 1992), focusing on the muscular complexity of 
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speech production, has proposed that neuro-anatomical development of the vocal organs 

during the first year of life leads to capacities for speech-like output. These researchers 

attempt to explain why early vocal output patterns are observed in vocal development 

based on production system characteristics available to children‟s output system. Speech 

oriented kinematics (Smith & Goffman, 1998, Smith, Johnson, McGillem, & Goffman, 

2000, Green, Moore & Reilly, 2002), respiratory capacities (Moore, Caulfield & Green, 

2001), and articulatory system structure and function (Kent & Vorparian, 1995) have 

been explored to evaluate emergence of speech-related movements based on speech 

motor control processes.  

Smith & Goffman (1998), studying patterning and stability of speech movements 

in developing speech motor systems, examined two groups of children (eight 4-year olds, 

eight 7-year-olds) and 8 young adults repeatedly producing a six syllable utterance. 

Based on kinematic measurements of the lower lip displacement, they reported that 

children produced less stable spatiotemporal movement, large amplitude movement, and 

low velocity movement relative to adults. Kinematic characteristics differentiated from 

adults are proposed as important motivations for understanding speech output of children 

in this view.  

In another phonetically oriented perspective, Lindblom (1992) has proposed that 

phonological units are emergent properties, derived from functional adaptation and 

universal constraints on speech perception and production resulting in maximal 

perceptual distinctiveness at minimal articulatory cost. From this perspective, acquisition 

of the phonological system emerges from the interactions of perception and mental 

storage capacity. Although Lindblom provides a plausible explanation of how a child 

acquires a phonological system, his theory considers only the post lexical stage not pre-
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lexical sequences. It does not consider how precise aspects of infants‟ speech patterning 

emerge from the pre-lexical stage.  

In phonetic approaches, a complex output system emerges across acquisition 

based on biophysical development interactive with environmental input to guide both 

acquisition of precise behavioral patterns and emergence of underlying knowledge. It 

should also be noted that phonetic perspectives for linguistic description do not disregard 

the importance of phonological patterning but do seek an explanation for the early speech 

patterns from functional principles of perception and production.  

Production oriented evaluations may enable better understanding of early speech 

development by considering movement-based explanations in contrast to phonological 

descriptions based on proposed mental schema. In an early attempt for a production-

based explanation, Cruttenden (1978) proposed an articulatory-based explanation for 

consonant assimilation. He proposed the assimilation strength such as the ordering of 

coronal < dorsals < labials relative to developmental order (d<c<l) because the tip of the 

tongue requires more delicate and complex muscular control than back of the tongue 

during articulations. He suggested that faulty planning in the timing of the various 

articulations may be involved in consonant assimilation. He provided no detailed 

explanation and no follow up studies has been reported. 

For more comprehensively explaining phonological acquisition, testable 

hypotheses for the entire period of early speech development are needed. One production 

system theory, the Frame then Content Theory (F/C; MacNeilage & Davis, 1990), 

provides the testable hypotheses for this early period of speech development. 
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2.2.3. Frame/Content theory 

The Frames then Content theory (F/C) is a production oriented phonetic 

perspective focusing on motor aspects of speech actions as being central to understanding 

observable patterns in early acquisition of speech (Davis & MacNeilage, 1990). The F/C 

perspective centers on the proposal that the core principle underlying speech acquisition 

is based on implementation of body mechanics and articulatory compatibility within and 

across syllables. Rhythmic jaw movements accompanied by phonation yield simulation 

of consonants in the closure phase and vowels in the open phase. The rhythmic 

oscillation of the jaw forms an initial foundation for CV syllable structures found in 

mature speech across languages (Maddieson, 1997). Mandibular oscillation, without 

other articulator involvement from active articulators including the tongue, lips, or soft 

palate, provides the „frame‟ of speech production. Thus, rhythmic open-close movements 

of the jaw are seen as the basic unit of speech in earliest phases of speech development at 

the onset of canonical babbling. Segmental elements (consonants or vowels) emerge later 

as the child develops the capacity for independent articulator movements within the jaw 

based rhythmic frame (MacNeilage & Davis, 1990). This progressive capacity for 

complex movement within serial sequences yields segmental „content‟ elements 

differentiated from the frame (MacNeilage & Davis, 1990; Davie & MacNeilage, 1995).  

The theory was inspired by Lashley (1951) who posed the question of how any 

action sequence such as those found in speech, locomotion, typing, and playing of 

musical instruments, should be organized in the time domain. It contrasts to phonological 

approaches which focus on the child‟s abstract competence for producing consonants or 

vowels phonemes without considering the child‟s ability to produce speech movements 

within a specified time context in actual production. 
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The Frame/Content hypothesis has been evaluated with respect to intra-syllabic 

(or within-syllable) and inter-syllabic characteristics in babbling (Davis & MacNeilage, 

1995) and early words (Davis, MacNeilage, & Matyear, 2002). In the intra-syllabic 

aspect, the internal organization of a syllable (i.e. a consonant and a vowel pair) was 

considered.  Three internal co-occurrence patterns which are constrained by the motor 

frame are predicted as a base of early vocalization in canonical babbling: labial 

consonants with central vowels; coronal consonants with front vowels; dorsal consonants 

with back vowels. The labial-central paring may result from mandibular oscillation alone 

with tongue in a resting (i.e. neutral) position as a pure or basic frame. The coronal 

consonant–front vowel and dorsal consonant–back vowel parings are considered as 

tongue positioning in the front or back of the mouth superimposed on the basic frame. 

These patterns occur based on bio-mechanical inertia as the jaw moves without 

independent movement of other active articulators. The frame dominance constrained 

consonant-vowel (CV) co-occurrence patterns have largely been confirmed in early 

speech: in babbling of 6 English-learning children (Davis & MacNeilage, 1995, 

Gildersleeve-Neuman, Davis, & MacNeilage, 2000), in first words in 10 English-learning 

children (Davis, MacNeilage, & Matyear, 2002), and in early words from various 

language environments (e. g. Gildersleeve-Neumann, 2000, Teixera & Davis, 2002, Kern 

& Davis, 2009).  

Relative to this proposal, Nittrouer, et al. (Nittrouer, Studdert-Kenndy & 

McGowan, 1989) examined anticipatory coarticulation from vowel to consonantal onset 

in children aged 2, 3, and 7. Results revealed that children aged 2 to 3years had more 

intrasyllabic coproduction of consonants and vowels than older children and adults. 

Children with hearing impairment produce the same intra-syllable patterns in canonical 

babbling as hearing children when they gain access to audition to trigger syllable-like 
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vocalizations (McCaffrey, Davis, MacNeilage, & Hapsburg, 1999, Warner-Czyz, Davis, 

& Morrison, 2005; Warner-Czyz, Davis, & MacNeilage, 2010), even though their sound 

repertoire is limited and emergence is delayed. The three CV co-occurrence patterns 

observed in infants and languages may be problematic interpreted in phonological 

approaches. If these systems propose separate place of articulation gestures for vowels 

and consonants, the configuration does not naturally capture the close relations between 

consonant and vowels.  

The inter-syllabic organization between syllables within a sequence (e.g. CV1 and 

CV2 in CVCV) has been evaluated. From F/C theory intersyllabic organization also 

involves biomechanical constraints. Two patterns in early speech which confirm the 

frame dominance hypothesis have been tested. Firstly, when infants produce multi-

syllables, reduplicated forms are much frequent than variegated forms both in babbling 

and in early words (Davis & MacNeilage, 1995; Davis, et al., 2002). Davis et al. (2002) 

term this initial favoring of reduplication as “frame reiteration”. When children need to 

simulate intersyllabic variegation found in target words but cannot respond effectively 

due to their production system capacities, they produce instead a reduplication of frame 

(e.g. /babo/ for „bottle‟). Secondly, when infants produce variegated sequences, 

variegations are more likely mandible oscillation rather than tongue movement. That is, 

consonant variegation is in manner of articulation, which is related to amplitude of 

mandibular oscillation, rather than in place of articulation, which involves the front-back 

dimension. Vowel variegations are in tongue height rather than in the front/back axis of 

tongue position (Davis & MacNeilage, 1995, Davis et al, 2002), which also involves 

independent movement of the tongue from the jaw cycle. Davis et al. (2002) reported that 

two predicted patterns in early words in English language environment.  In addition, 

Davis, et al. proposed a production–based explanation of intersyllabic organization by 
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observing interconsonant patterns in early variegation forms. Specifically they found the 

LC sequence is the most frequent variegation in infants. They observed labial-coronal 

(LC) and labial-dorsal (LD) pairs are much frequent than the reverse cases such as CL or 

DL. They suggest that the LC tendency in early place variegation is a self-organizational 

consequence of easier labial production and then add a tongue movement to simulate 

intersyllabic diversity of adult word targets. On the other hand, adult speech is not 

similarly constrained in its inventory of syllables. In adult language, various possibilities 

of consonant vowel co-occurrences are observed. 

Assimilation (or reduplication) and its resolution (or variegation) is one way in 

which children begin to increase consonant variegation (intersyllabic complexity) relative 

to reduplication (assimilation patterns). F/C may account for early assimilation pattern as 

a result of bio-mechanics of the production system which yields intrasyllabic CV co-

occurrence patterns and intersyllabic patterns based on articulatory ease. That is, 

assimilation patterns can be described not as realization of underlying representations or 

rules. Instead, these patterns can be considered a result of the child using production 

system capabilities for reproducing complex output sequences by reducing movement 

complexity in sequences of output. There is no logical perceptual rationale for 

assimilation as these types of sequences are not present in input from adult speakers of 

the child‟s ambient language.   

Research has shown that serial movement in babbling is closely related to the 

biomechanics of the production system of young children. The relationships decrease in 

words as the child realizes the requirements for matching salient word types and achieves 

mastery of independent articulator movements within vocal sequences. Relative to 

consonant cluster sequencing, Jakielski (1998) found that two consonants in consonant 

clusters in babbling are homorganic in place of articulation while children gradually 
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achieve the capacity to produce heterorganic sequences in words. Consonant clusters in 

babbling have shown co-occurrences with articulatory compatible vowels while the co-

occurrence patterns were not observed in words. Children may increase accuracy in word 

production as constraints on sequential movements based on production capacities 

decrease. Study of assimilation can indicate the process of resolution of production 

constraints in children‟s speech forms in early periods of acquisition.  

To date, only one unpublished study (Lee, 2005) has described assimilation from 

the F/C perspective. Lee (2005) reanalyzed spontaneous speech data from Amahl who 

was studied earlier by Neil Smith (1973). Analyzing a total of 3,832 CVC sequences in 

2,009 words, Lee reported that, for place, labial assimilation was dominant in word-initial 

(e.g. [gek] for “take”, [bebu] for “table”), coronal and dorsal assimilation was dominant 

in non-initial position of words (e.g. [baɪkuku] for bicycle); for manner, stop over nasal 

or fricative assimilation was dominant in all word positions. Lee interpreted results from 

the perspective of the Frame-Content principles as the result of ease of articulation. In 

terms of articulatory system movements, labials are easier to articulate than lingual 

consonants and it is natural that coronals (or dorsals) assimilate labials for the purpose of 

coping with serial complexity in production. Her articulatory approach considering word 

positions are unique relative to phonological approaches. However, Lee‟s study provided 

little explanation of manner assimilation patterns as well as considerations of vowel 

context effects. In addition, she only studied one child, so it might be hard to make 

generalizations relative to issues of individual differences and central tendencies.  

In short, early speech patterns should be considered beyond individual segments 

in isolation. Taking into account the vowel context of the consonant is important to better 

characterizing the path from the undifferentiated syllable frame to the complexity of 

segment-like organization. The F/C framework as well as other phonetic oriented 
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perspectives seeks an explanation for early speech patterns from functional principles of 

movement and perception. The issue of assimilation has not been evaluated 

comprehensively from a phonetically oriented perspective. General principles from the 

work to date could be considered for their predictive value in understanding assimilation 

as an example of sequential patterning in the motor system to support speech output. 

Assimilation patterns can be considered another site of growth in speech production 

capacities that reflect the characteristics in babbling and in early words hypothesized by 

F/C. To evaluate consonant assimilation from this movement-based phonetic perspective 

by considering activities of the body for building mental representation may provide a 

more comprehensive explanation for acquisition of complexity in early periods of speech 

acquisition.  
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Chapter 3: Purpose and Predictions of Study 

The primary research question of this study is how phonological complexity 

emerges relative to serial properties of consonants and vowels within children‟s salient 

target word forms from the onset of word based usage until 36 months of age. To 

evaluate this issue, consonant assimilation in early words from movement (or 

production)-based phonetic perspective will be explored. Movement-based phonetic 

approaches emphasize that speech development should be considered in the context of 

movement capacities available to children‟s the production system as well as perceptual 

influences from input related to the characteristics of salient word targets. These phonetic 

approaches contrast to representation-based phonological approaches which consider 

children‟s output forms as being a manifestation of innate a priori linguistic knowledge.  

To seek explanation for early consonant assimilation patterns and emergence of 

complexity in early speech from functional production system principles, large corpora of 

data will be analyzed across the acquisition period in which accurate speech emerges. 

The purposes of the present study are to characterize the nature of emergent complexity 

in early speech forms in order to evaluate the usefulness of phonetic perspectives for 

more valid understanding of principles underlying emergence of complexity manifest in 

early speech patterns. Since no study published has comprehensively explored consonant 

assimilation from a movement-based perspective in a cohort of typically developing 

children, this study can uniquely contribute on understanding of consonant assimilation in 

terms of the status of peripheral production system.  

The Frames then Content (F/C) theory (MacNeilage & Davis, 1990), a movement 

based phonetic theory, provides a theoretical foundation for this study. F/C theory 

proposes that early speech forms result from production system function in children. 
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Based on the F/C perspective, the main prediction of the study is that assimilation 

patterns are accounted for by the basic properties of the production system. That is, 

assimilation patterns are based on the young child‟s use of motorically available forms 

over production patterns that are not within his motor capacities. The following are the 

predictions follow from this perspective:  

 

3.1. General Patterns of Assimilation 

Prediction: Motorically less available forms for children will assimilate to more 

available forms. 

For place assimilation, labials will motivate assimilation more frequently than 

coronals and dorsals. Coronals will motivate assimilation than dorsals. 

For manner assimilation stops and nasals will motivate assimilation more 

frequently than fricatives.  

 

Assimilation patterns are predicted to be related to basic properties of the 

production system. In early speech production, motorically available forms for children 

are more favored relative to less available forms. The preference for motorically available 

forms in early production has been often reported in studies of early sound and syllable 

inventories and their frequency of occurrence in early speech. When children face the 

complexity of salient word targets, they are more likely to use motorically available 

forms to produce these words than less available forms. From a movement point of view, 

assimilation patterns as well as resolution of those patterns into variegated consonant 

sequences characteristic of word targets may reveal the preference for available forms in 

terms of the production system capacities. This study predicts that general patterns of 

consonant assimilation in early speech will be characterized by motorically more 
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available forms for children motivating within word assimilations relative to less 

available forms. 

In F/C perspective, labial relative to coronal or dorsal place is proposed as being 

more available for infants to produce because labials involve only mandibular movement 

- i.e. the basic frame (Davis, et al., 2002). Lingual consonants require engagement of the 

tongue in addition to the basic mandibular movement. Dorsal place of articulation 

considered to be less available for producing sequence of sounds in words than coronals 

at least in the early period of word use. Dorsals involve the back of the tongue which is 

relatively less free to move than the anterior part of the tongue. For manner of 

articulation, stops and nasals are more available for children to produce than fricatives. 

Fricatives result from air turbulence through narrow constrictions and require more fine 

co-ordination of articulators while stops and nasals are produced by simple complete 

closure and open cycle. Therefore, it is predicted that labials followed by coronals then 

dorsals; stops and nasals relative to fricatives will motivate assimilations observed in 

early word forms. Both regressive and progressive direction of assimilation may be 

possible because direction of assimilation is determined by interactions between the two 

consonants within words. This prediction contrasts to phonological approaches which 

often predict labial and dorsal consonants motivate assimilation more frequently than 

coronals based on the status of feature specification (e.g. Stemberger & Stoel-Gammon, 

1994).  
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3.2. Intervening Vowel Effects 

Prediction: Assimilation will occur in the context of articulatorily compatible 

intervening vowels: labials with central, coronals with front, and dorsals with 

back vowels 

 

The second prediction is that intervening vowel context between the intervocalic 

consonants will be important to account for assimilation patterns (and their resolution). 

The intervening vowels in assimilated CVC(V) sequences will demonstrate articulatorily 

compatible relationships with preceding and/or following consonants. Labial assimilation 

will be observed in the context of central vowels, coronal assimilation will be observed in 

the context of front vowels, and dorsal assimilation will be observed in the context of 

back vowels. This intrasyllabic prediction is based on F/C theory.  

Due to limited capacities for the independent movement control required for 

target word complexity, intrasyllabic co-occurrence patterns will be present in CV and 

VC sequences within words in early speech. The CV sequence is a manifestation of the 

motor frame that is reflective of rhythmic mandibular jaw oscillations, rather than 

produced as individual segments or sub-segmental features as in phonological theory. In 

F/C theory (MacNeilage & Davis, 1990), a basic unit of speech is suggested to be a 

consonant and vowel sequence rather than an individual segment. The motor frame-based 

intrasyllabic co-occurrences have been observed as being predominant in babbling and 

early words (Davis & MacNeilage, 1995: Davis et al., 2002). The present study predicts 

that the lack of independence between consonants and vowels will characterize early 

assimilation patterns as well. If this is the case, the vowel context should be a major role 

for accounting for assimilation patterns. It also implies that both progressive (e. g. [dæd] 
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for dog) and regressive assimilation (e. g. [gɔ g] for dog) are possible to be observed in 

assimilation. 

 

3.3. Word Level Effects 

Prediction: Assimilation patterns will be different relative to word complexity (i.e. 

CVC and CVCV)  

 

A movement based perspective also enables predictions for word level effects. 

First, assimilation patterns are predicted to be different between Consonant-Vowel-

Consonant (CVC) and Consonant-Vowel-Consonant-Vowel (CVCV) word shapes. If a 

consonant-vowel (CV) sequence is considered a basic unit of early speech due to a lack 

of intrasyllabic independent movement, the CVC word shape may be considered as one 

and a half cycle of the motor frame and CVCV words as two cycles. In fact, in babbling 

and early words, CVCV forms often occur as repetition (or reduplication) of a rhythmic 

mandible oscillation due to limited independent articulatory control for intersyllabic 

variegation (e.g. Davis, et al, 2002). When repeating a mandibular cycle for producing 

multisyllabic forms, transvocalic variegation may be less often observed in CVCV 

relative to in CVC word forms. If word level complexity plays a role in accounting for 

early speech production, it should do so for assimilation patterns. Secondly, assimilation 

patterns will be different depending on positions within words. When a consonant is in 

the final position (e.g. CVC) the consonant may be free to vary relative to the consonant 

in the medial position such as in CVCV in terms of place of articulation because the word 

final position in CVC contexts does not require a following movement relative to word 

initial or medial position. In phonological theories, in contrast, word level effects on 

assimilation have not been considered.  
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3.4. Developmental Patterns 

Prediction: The influence of movement capacity constraints in the production 

system of children on assimilation patterns will decrease over time. 

 

If movement capacities are a primary source accounting for early speech patterns, 

motorically available forms for children should be strongly favored in early assimilation 

patterns at the onset of word based output. Then, this effect will decrease over time as 

children gain control over coordinated movement patterns of the articulators to achieve 

accuracy relative to increasing numbers of word targets. In the F/C literature (e.g. Davis 

et al., 2002) early intra and intersyllabic patterns in the first word period were 

characterized by mandibular frames and lack of independent movement of other 

articulators within the frame cycle. With development, segmental content elements 

(consonants or vowels) are seen as being differentiated from the frame as the infant 

acquires increasing control over the coordination of independent articulators in utterance 

sequences. As the tongue becomes more independent of the jaw, place variegation would 

increase in consonant sequences. In this regard, labial and coronal assimilations occur 

earlier in acquisition of words. Dorsal place which emerges later in early sound 

inventories than labial or coronal place would motivate assimilation later in development. 

Consonants associated with predicted intervening vowel co-occurrences will decrease 

over time. In addition, consonant place variegation would be predicted to emerge later 

than consonant manner variegation in the first word period where the child must match 

precise supraglottal adjustments for degree and positioning of closure to varied word 

targets 

The predictions of this study in comparison with phonological proposals are 

summarized in Appendix 1. 
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Chapter 4: Methods 

4. 1. PARTICIPANTS 

Data for 10 monolingual American-English speaking children (6 females and 4 

males) was analyzed to study the nature of assimilation patterns. Data were longitudinally 

collected from 12 (or the onset of word use) to approximately 36 months on these 10 

children was considered. This data is part of The Texas Speech Development (TSD) 

project at The University of Texas at Austin, a longitudinal project studying the 

emergence of speech production capacities. The participants were located by informal 

referral from the surrounding community in the Austin, Texas area. Of the ten children, 

six are females and four are males. All of the children are typically-developing according 

to parents‟ history case reports and results of the Battelle Developmental Screening 

Inventory (Guibaldi, et al., 1984) testing. Each child was found to have normal hearing 

based on hearing screening using sound field techniques. Information about participants 

including chronological ages, genders, and the numbers of sessions recorded for each 

child is summarized in Appendix 2.  

 

4. 2. DATA COLLECTION 

Spontaneous speech was audio-taped while each child was engaged in usual 

routines in their home environment. No constraints were produced on either caregiver or 

child. Each observer visited the participant‟s home biweekly and recorded for one hour, 

during which the child played or interacting naturally with a parent. An ATW-20 digital 

audio recorder was used for recording. Audiotechnica ATW-1031 remote microphone 
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was clipped to infant‟s shoulder to avoid interfering with movement and to keep a 

relatively constant mouth to microphone distance.  

 

4. 3. DATA ANALYSIS 

Transcription 

Children‟s production forms were phonetically transcribed using the International 

Phonetic Alphabet (IPA) system of notation (revised 1993; updated 2005) by the original 

observers who collected the data or by transcribers trained in phonetic transcription for 

this early speech development period. Transcribers were faculty on the project and 

graduate students in the Communication Sciences and Disorders and Psychology 

departments at The University of Texas at Austin. 

Citation transcriptions for target forms that children attempted to produce were 

also transcribed. The same target transcriptions were employed for a given word across 

children to introduce consistency in considering assimilation patterns. For example, target 

form for the word “bat” was transcribed as /bæt/ for all children‟s attempts at that word. 

Target word transcription was done based on standard American English pronunciation 

and entered into the computer database for comparison with child productions.   

 

Reliability 

Transcription reliability was computed for consonants and vowels separately. For 

the single word period data of 5 children (C, H, Na, Ni, Ra), reliability was done in Davis 

et al. (2002).  In that study, a set of 50 words was randomly selected from each infant‟s 

dataset and were transcribed by 5 transcribers. The percentage of agreement between the 

5 transcribers and the original transcriber was calculated using a point-to-point method. 
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The point-to-point agreement method compares agreement between transcribers based on 

an all-or-none principle (McReynolds & Kearns, 1983). Overall consonant reliability was 

75.95%.  Agreement for labials was 79%; for coronals, 79.2%; and for dorsals, 69.6%.  

Reliability for vowels was 66.3% overall, 66.3% for front vowels, 55% for central 

vowels, 77.5% for back vowels.  For more detailed information, see Davis, et al. (2002). 

Reliability calculations for later developmental periods of the 5 children who had 

participated in Davis, et al. (2002) and reliability for the other 5 children (B, Ch, G, K, 

Ro) were conducted by the author of this study. Ten percent of the words produced (i.e. 

200 words for each child) were transcribed from a randomly selected 4 sessions of each 

child. The percentage of point-to point agreement between the original transcribers and 

the second transcriber was computed. Overall consonant reliability was 77.3%. 

Agreement for consonant place was 77.6% and for manner, 76.9%. Agreement for labials 

was 83.9%; for coronals, 78.1%; for dorsals, 70.6%; and others, 77.9%. Agreement for 

stops was 81.7%; for fricative 74.5%; for nasals, 77.4%, and for approximant, 74.4%. 

Overall vowel reliability was 70.5%. Reliability for vowel height was 74.2% and 66.8% 

for front/back. Agreement was 74.4% for high vowels, 73.5% for mid vowels, 74.5% for 

low vowels 78.4% for front vowels, 61.4% for central vowels, and 60.5% for back 

vowels.  

 

Data Selection 

Word tokens (i.e. lexical items) that were Consonant-Vowel-Consonant (CVC) 

and Consonant –Vowel-Consonant-Vowel (CVCV) word forms were selected from a 

total of 353 sessions from the 10 children. All identified lexical items for the entire period 

were analyzed to consider data from the entire group. Data were grouped into four 
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chronological periods in six month intervals as follows: Time 1, 12-18; Time 2, 19-24; 

Time 3, 25-30; Time 4, 31-36 months.  

 

Data Analysis 

All transcribed data was analyzed by a computer software program, Logical 

International Phonetics Program (LIPP) (Oller, 1990) for investigating segmental or 

syllable characteristics of child productions. Consonants were grouped into labials ([b, p, 

f, v, m, w]), coronals ([d, t, s, z, n, l, r, ʃ, ʒ, ʤ, ð, θ, j]), and dorsals ([k, g, ŋ]) for place 

categories; stops ([b, p, d, t k, g]), nasals ([m, n, ŋ]), fricatives ([f, v s, z ʃ, ʒ, ʤ, ð, θ ]), 

affricates ([ʧ, ʤ]), glides ([w, j]), liquids ([l, r]), and flaps ([ɾ]) for manner categories. 

Vowels were grouped into high-front ([I, I]), mid-front ([e, ɛ]), low-front ([æ]), mid- 

central ([ʌ, ə]), low-central ([a]), high-back ([u, ʊ]), and mid-back ([o, ɔ]) categories. 

Firstly, inventories in child production relative to target forms were analyzed. 

Frequencies of occurrence of CVC and CVCV target words, accurate forms relative to 

targets, and final consonant or final syllable deletion (i.e. CVC or CVCV becomes CV) 

were counted. 

Within each word that contained errors relative to the adult target form, 

assimilated forms (i.e. when a consonant has the same place or manner characteristics as 

the following or preceding consonant) were analyzed in terms of consonant place and 

consonant manner. Categories of place assimilation were labial, coronal, and dorsal 

assimilations. Categories of manner assimilation were stop, nasal, fricative, and “Other” 

assimilation. For example, the child produced [næn] for „can‟, this is considered as 

coronal assimilation for place and nasal assimilation for manner. In order to evaluate 

predictions of this study, assimilated forms were analyzed in the following dimensions:  
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General patterns: Frequency and percentages of assimilation for each place and 

manner category for consonants are analyzed relative to the first (C1) and the second 

consonant position (C2) within word. 

Intervening vowel effects: In each place assimilation context such as labial, 

coronal, and dorsal assimilation, characteristics of the intervening vowel (i.e. frequency 

of front, central, and back vowels) are analyzed.  

Word level effects: Place and manner assimilation patterns and direction of 

assimilation patterns relative to CVC vs. CVCV forms are analyzed. 

Developmental patterns: Assimilation patterns of these children as a group are 

analyzed with four chronological periods in six month intervals, such as 12-18; 19-24; 

25-30; 31-36 months. 

 

4. 4. STATISTICAL ANALYSIS 

The statistical significance of differences observed for each question was 

evaluated using Generalized Estimating Equation (GEE) (McCullagh & Nelder, 1989). 

GEE is type of Generalized Linear Model, which extends linear analyses (such as 

Analysis of Variance and regression) to handle categorical outcomes. Within the 

Generalized Linear Model framework, GEE has been adapted for repeated measurement 

for categorical data. Analytical procedures were performed using SAS PROC GENMOD. 

The binary outcome of no place assimilation vs. place assimilation was predicted, using 

the predictor of the first consonant‟s place (labial, coronal, or dorsal). GENMOD 

calculates an omnibus “Type III” test for each categorical predictor. For the predictor of 

place, which has three levels (labial, coronal, or dorsal), GENMOD printed a chi-square 

and significance value indicating whether the three levels of place differ from one 
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another. If the levels differed, then follow-up pairwise Wald tests were performed to see 

which levels differed from one another. 



 38 

Chapter 5: Results 

GENERAL CHARACTERISTICS OF DATA 

A total of 20,522 Consonant-Vowel-Consonant (CVC) and Consonant-Vowel-

Consonant-Vowel (CVCV) word forms were analyzed. There were 17,775 (87%) CVC 

forms and 2,747 (13%) CVCV forms. Of the CVC and CVCV word targets attempted, 

13,136 (64%) were accurately produced in terms of consonant place. Of inaccurate 

productions, the most frequent error type was final consonant deletion (4,563; 22%). 

Consonant assimilation, the main focus of the present study, occurred in 1,467 words (7% 

of words attempted). Results analyzed in this study are focused on the 1,467 assimilated 

words. Consonant assimilation was observed in 1,058 CVC target forms (72% of 

consonant assimilation) and 409 CVCV target forms (28% of consonant assimilation). 

Other error forms, including weak syllable deletion, vowel addition, and gliding, 

accounted for 1,356 (7%) of word forms attempted. Because only CVC and CVCV word 

forms were analyzed, error types in other word forms were not considered. For example, 

consonant cluster reduction which often occurred in early production was excluded. Of 

the 1,467 assimilated words, 797 showed place assimilation and 773 showed manner 

assimilation. Both place and manner assimilation occurred in 128 words. Description of 

data analyzed for each participant is shown in Appendix 2. Appendix 2 includes the 

frequencies of occurrence and percentages of CVC and CVCV words produced, 

accurately produced forms in terms of place of articulation, assimilated forms, final 

consonant deletion, and other error forms for each participant.  
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5.1. PLACE ASSIMILATION 

5.1.1. General Patterns 

Prediction: Labials will motivate assimilation more frequently than coronals and 

dorsals. Coronals will motivate assimilation than dorsals. 

A. Overall Patterns 

A total of 797 place assimilations occurred overall. For a detailed summary of 

frequency of occurrence of place assimilation by the 10 children for the entire time period 

analyzed, see Appendix 3. Table 1 displays the raw frequencies and percentages of 

assimilated words in terms of consonant place of articulation. As shown at the right most 

column on Table 1, coronal assimilation is the most frequent type of place assimilation 

(419; 53%) followed by labial (277; 35%) and dorsal assimilation (101; 13%) overall. 

However, the difference between coronal and labial assimilation was not statistically 

significant (z=.93, p=.35). Coronal assimilation was significantly more frequent than 

dorsal assimilation (z=2.02, p=.04). The difference between labial and dorsal assimilation 

almost reached statistical significance (z=1.95, p=.05). These results showed that coronal 

followed by labial assimilation occurred more frequently relative to dorsal assimilation in 

terms of the raw frequency of occurrence overall. 

 

C1 versus C2 Position 

The frequencies and percentages of assimilation occurring in the first (C1) and the 

second consonant positions (C2) respectively are presented in columns C1 and C2 in 

Table 1. The column “Non” indicates non-assimilatory harmony. “Non-assimilatory 

harmony” describes word forms where consonants are reduplicated in a word but the 
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consonants are not from the target word (e.g. [bab] targeting „dog‟). On the basis of C1, 

labial assimilation occurred most frequently followed by coronal then dorsal assimilation. 

Labial assimilation was significantly different than dorsal assimilation but not 

significantly different than coronal assimilation. In C2 position, coronal assimilation was 

significantly more frequent than dorsal (z=2.2, p= .02) and labial assimilation (z=3.56, 

p=.0004). Based on the raw frequency counts, labials and coronals most frequently 

motivated assimilation at C1 position and coronals did at C2 position. 

 

Direction of Assimilation 

Table 1 also represents direction of assimilation (i.e. progressive versus 

regressive) analyzed relative to each place type. Because the words analyzed in this study 

were CVC and CVCV forms, assimilation occurring at C1 position refers progressive 

assimilation. Assimilation at C 2 position indicates regressive assimilation. Ten non-

assimilatory harmony words (1%) which were not available to specify directionality were 

excluded from analysis.  

Regressive assimilation (459; 58%) occurred more frequently than progressive 

assimilation (328; 41.2%) overall, but the difference was not statistically significant 

(z=1.58, p=.11). Significant differences were observed relative to each consonant place. 

Progressive labial assimilation (202) was significantly more frequent than regressive 

assimilation (69) (z=5.21, p< .0001). Regressive direction (326) was significantly more 

frequent than progressive direction (91) for coronal assimilation (z=3.98, p< .0001) and 

dorsal assimilation (64 regressive vs. 35 progressive assimilation; z=4.75, p< .0001). 

Results show that distinctive directional patterns of assimilation were observed relative to 

consonant places.  
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Table 1. Frequency of occurrence and percentage of place assimilation 

 

B. Place Assimilation Relative to Target Frequencies 

The relative frequencies of assimilation were calculated in terms of target 

frequencies. Table 2 displays the number of assimilation, consonants in target words, and 

the ratio of assimilation to targets. For example of [dada] for „doggie‟, the target form 

‘doggie’ includes a coronal at C1 and a dorsal at C2 position. It was also counted as one 

occurrence of coronal assimilation for C1. Because all target words contain two 

consonants, the total number of consonants in target words was summed to 1594 (i.e. 797 

times 2). 

The relative frequencies were calculated in ratios of assimilation to target words 

(Table 2). The ratio of 271 labial assimilation to 335 target words accounted for .81 

overall. The ratio of 417 coronal assimilation to 777 target words accounted for .54. The 

ratio of 99 dorsal assimilation words to 482 targets accounted for .21. According to the 

results, labials most frequently motivated assimilation followed by coronals in given 

targets. Dorsals least frequently motivated assimilation in given targets. 

 

Frequency % Frequency % Frequency % Frequency %

Labial Assimilation 202 62% 69 15% 6 60% 277 35%

Coronal Assimilation 91 28% 326 71% 2 20% 419 53%

Dorsal Assimilation 35 11% 64 14% 2 20% 101 13%

Total 328 100% 459 100% 10 100% 797 100%

* Non-assimilatory harmony (e.g. dog -> [bab])
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C1 C2 *Non Total
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C1 versus C2 position 

According to the relative frequencies in ratios (Table 2), labials more frequently 

motivated assimilation followed by coronals for both C1 and C2. The ratios of labial 

assimilation at C1 and C2 accounted for .81 and .85 respectively. The ratios accounted 

for .41 and .59 for coronal assimilation, and .11 and .40 for dorsal assimilation for C1 and 

C2 respectively. These results indicate that labials relative to lingual consonants (i.e. 

coronals and dorsals), coronals relative to dorsals have a greater potential for motivating 

assimilation regardless of positions within words. Because there was not a difference 

between the patterns at C1 versus C2 in the relative frequencies, the position-in-word 

effect would not account for assimilation pattern.  

 

Direction of Assimilation 

According to the relative frequency in ratios (Table 2), significant directional 

biases for each consonant place were not observed for labials and coronals. On the other 

hand, analysis of dorsals revealed regressive assimilation (.40) occurred more frequently 

than progressive assimilation (.11). The relative frequencies contrast to results for raw 

frequency, showing progressive labial and regressive coronal dominance. These findings 

indicate that directional patterns of labial and coronal assimilation shown in the raw 

frequency counts reflected the target characteristics. On the other hand, for dorsals this 

was not the case.  
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Table 2. Place assimilation and the number of target words at C1 and C2 (Decimals 
indicate the ratios of assimilated words to possible targets). 

 

C. Assimilation Patterns Relative to C1_C2 Interactions 

Assimilation patterns relative to variegated C1 and C2 place combinations within 

target words were analyzed. Combinations of consonant sequences analyzed for place 

included Labial/Coronal (i.e. labial-coronal (LC) and coronal-labial (CL)), Labial/Dorsal 

(i.e. labial-dorsal (LD) and dorsal-labial (DL)), and Coronal/Dorsal (i.e. coronal-dorsal 

(CD) and dorsal-coronal (DC)). Figure 1 displays results of assimilation pattern analysis 

for the three categories. When target words contained a labial and a coronal (e.g. LC or 

CL forms such as „bat‟ or „tap‟), labial assimilation was significantly more frequent (255; 

81%) than coronal assimilation (58; 18%) (e.g. [bæb] for „bat‟; [pæp] for „tap‟) (z = 5.78, 

p < .0001). When target word forms were LD or DL, labial assimilation (16; 80%) was 

more frequent than dorsal assimilation (2; 10%) (e.g. [mæmi] for „Maggie‟; [bʌ bi] for 

„guppy‟). Due to the low frequency of occurrence, the results for LD and DL were not 

statistically evaluated. When target words contained a coronal and a dorsal (i.e. CD or 

DC forms), coronal assimilation (359; 78%) occurred significantly more frequently than 

dorsal assimilation (97; 21%) (e.g. [dʌ di] for „doggy‟; [tidi] for „kitty‟) (z = 2.79, p = 

.005). Analysis of interactions between the two consonants within targets showed that 

labials relative to coronals and dorsals were more likely to motivate assimilation in 

Assimilation Consonants in Targets Relative Frequency Assimilation Consonants in Targets Relative frequency Assimilation Consonants in Targets Relative frequency

328 797 0.41 459 797 0.58 787 1594

* Non-Assimilatory Harmony was excluded.

0.81

0.54

0.21
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consonant sequences of LC or CL; LD or DL. Coronals relative to dorsals motivated 

assimilation more in consonant sequences of CD or DC. 

 

81% 80%
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Figure 1. Place assimilation regarding C1_C2 combinations 

To evaluate whether these patterns were related to the sequential order of C1 and 

C2 places within words, assimilation patterns relative to the two different orders for each 

combination were analyzed. Comparisons were conducted between LC versus CL; LD 

versus DL; CD versus DC. Figure 2 displays patterns for all six combinations.  
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Figure 2. Place assimilation in six combinations of consonant sequences 

 

For LC and CL target forms shown in the two left most bar graphs in Figure 2, 

labial assimilation was dominant over coronal assimilation for both LC and CL sequences 

(/bæb/ for „bath‟ and /baɪ pɚ / for „diaper‟). There was no statistical difference between 

the sequential order in LC versus CL environments (z = .97, p = .33). For LD and DL 

target forms, labial assimilation dominance was observed both in LD and DL targets 

([mʌ mʌ ] for „Maggie‟ and [bʊ b] for „book‟). Statistical evaluation of these 

relationships was not possible because the frequency of occurrence of these word forms 

was too low. When CD versus DC sequences were compared, coronal assimilation 

occurred more frequently than dorsal assimilation for both. However, the statistical 

significance was observed only in DC targets (z = 2.79, p=.005) but not in CD targets (z 

= .29, p = .77).  

Results reveal that regardless of the sequential order of the two consonants, 

labials were more likely to motivate assimilation (i.e. labial assimilation targeting 
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coronals or dorsals) than the reverse in consonant sequences containing labials and 

lingual consonants. Coronals more frequently motivated assimilation than dorsals 

regardless of the sequential order. However, it should be noted that in DC sequences the 

coronal frequently motivated assimilation relative to the dorsal (e.g. [tidi] for „kitty‟). 

When a dorsal was word final preceded by a coronal (CD), the coronal assimilation 

dominance was not significant (e.g. either [dʌd] or [gʌk] targeting for „duck‟ may occur 

with similar probability). Results from CD and DC forms imply the order of coronals and 

dorsals within words may interact with assimilation patterns. Detailed discussion for this 

finding will be addressed in Chapter 6. Table 3 summarizes frequencies and percentages 

for this analysis. 

 

Table 3. Place assimilation relative to C1_C2 combination 

 

Summary 

Regarding general patterns of place assimilation, the study prediction was 

confirmed. Analysis of assimilation relative to target characteristics and variegated 

C1_C2 consonant place sequences within in targets revealed that coronals as well as 

dorsals tended to assimilate to labials regardless of their position-in-word and sequential 

order within words. When there were two lingual consonants within a sequence (i.e. 

Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq %

LL (Labial Assimilation) 192 79% 63 86% 255 81% 10 83% 6 75% 16 80% 5 3% 1 0% 6 1% 277 35%

CC (Coronal Assimilation) 48 20% 10 14% 58 18% 2 17% 0 0% 2 10% 81 54% 278 89% 359 78% 419 53%

DD (Dorsal Assimilation) 2 1% 0 0% 2 1% 0 0% 2 25% 2 10% 64 43% 33 11% 97 21% 101 13%

Total 242 100% 73 100% 315 100% 12 100% 8 100% 20 100% 150 100% 312 100% 462 100% 797 100%

Target Words

LC CL LC&CL LD DL LD&DL CD DC
Overall

CD&DC
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dorsals and coronals), dorsals assimilated to coronals, especially when a dorsal was 

followed by a coronal. Results confirmed the prediction that motorically more available 

forms (i.e. labials and coronals) motivate assimilation relative to less available forms 

(dorsals).  

 

5.1.2. Intervening Vowel Effects 

Prediction: Assimilation will occur in the context of articulatorily compatible 

intervening vowels: labials with central, coronals with front, and dorsals with 

back vowels 

 

A. Intervening Vowel Context in Assimilation 

The intervening vowel characteristics were analyzed relative to place 

assimilations. Patterns of co-occurrence between consonants and the intervening vowel in 

place assimilation words in 10 children are shown in Table 4. Cell values indicate the 

ratios of observed to expected occurrence of consonants and the intervening vowel. The 

vowel characteristics analyzed included Front, Central, and Back based on the front/back 

dimension of the tongue position (as described in the Method section). If the value was 

above 1.00, the possible co-occurrence of the vowel characteristic and the intervocalic 

consonants was higher than expected by chance. Based on predictions of the Frame-

Content hypothesis, three associations between consonant and the contiguous vowel such 

as coronals with front vowels, labials with central vowels, and dorsals with back vowels 

were predicted to occur more frequently than by chance. 

Two of the three expected patterns were observed at above chance levels 

(χ
2
=20.79, df (4), p < .001). Coronal assimilation in the context of the front vowels 
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occurred at above-chance level (observed-to-expected ratio was 1.04). Doral assimilation 

in back vowel contexts occurred at above-chance as well (1.85). However, labial 

assimilation in the context of central vowels occurred below chance level (0.93). Results 

confirmed the study prediction at least for lingual consonant assimilation. 

 

Table 4. Consonant-vowel co-occurrence in assimilated forms 

 Intervening vowel 

 Front Central Back 

Coronal Assimilation 1.04 1.06 0.69 

Labial Assimilation 1.02 0.93 1.15 

Dorsal Assimilation 0.77 0.95 1.85 

 

B. Intervening Vowel Context Relative to Word Shapes 

Consonant-vowel co-occurrences were analyzed for CVC and CVCV target forms 

respectively. Table 5 displays result for CVC and Table 6 for CVCV word forms. 

Interestingly, high ratios of the predicted consonant-vowel co-occurrence patterns were 

observed in CVCV target forms (Table 6), but not in CVC forms (Table 5). In CVC 

target words, only dorsal-back pattern at above-chance-levels (1.07) (χ
2
 = 43.90, df (4), 

p<.001). Coronal assimilation and labial assimilation occurred less frequently with the 

predicted vowels. In contrast, in CVCV target forms, all three predicted associations 

resulting from articulatory compatibility, such as coronal with front vowel (1.34), labial 

with central vowel (1.51), and dorsal with back vowel (2.38), were observed at above 

chance levels (χ
2
 = 50.55, df (4), p < .001). This result indicates the effect of consonant-

vowel association constraints may be stronger in CVCV relative to CVC word forms. 
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Table 5. Consonant-vowel co-occurrence in assimilated CVC forms 

 Intervening vowel 

 Front Central Back 

Coronal assimilation 0.94 1.17 0.71 

Labial assimilation 1.20 0.59 1.49 

Dorsal assimilation 0.36 1.68 1.07 

 

Table 6. Consonant-vowel co-occurrence in assimilated CVCV forms 

 Intervening vowel 

 Front Central Back 

Coronal assimilation 1.34 0.83 0.61 

Labial assimilation 0.59 1.51 0.34 

Dorsal assimilation 1.04 0.59 2.38 

 

Summary 

Intervening vowels in assimilated forms showed articulatorily compatible 

relationships with the preceding and the following consonants within words. Coronals 

with front vowel and dorsals with back vowels were observed at above chance levels. 

The CV co-occurrence was apparent for CVCV but not for CVC word forms. 
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5.1.3. Word Level Effects 

Prediction: Assimilation patterns will be different relative to word complexity (i.e. 

CVC and CVCV)  

 

A. Overall Patterns Relative to Word Shapes 

Place assimilation was analyzed relative to word shapes. Results showed that 

place assimilation patterns were different between CVC and CVCV forms. The study 

prediction was confirmed. Figure 3 displays assimilation patterns relative to place 

characteristics for CVC and CVCV word shapes. For CVC targets, coronal (60%) and 

labial assimilation (34%) occurred more frequently than dorsal assimilation. Coronal and 

labial assimilation were not significantly different (z=1.21, p=.27). Labial and coronals 

assimilations were significantly different from dorsal assimilation (z=3.20, p=.0014 and 

z=3.19, p=.0014 respectively). For CVCV targets, in contrast, all three types of place 

assimilation occurred in similar proportions. The percentages of labial, coronal, and 

dorsal assimilation were 35%, 38%, and 27% respectively. This result also implies that 

labial assimilation similarly occurred for both word shapes, while coronal assimilation 

less frequently occurred for CVCV relative to CVC targets. Dorsal assimilation occurred 

more frequently for CVCV than CVC targets.  
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Figure 3. Place assimilation by word shapes 

 

B. Directions of Assimilation Relative to Word Shapes 

Figure 4 displays directional patterns of place assimilation relative to word 

shapes. Regressive assimilation was significantly more frequent in CVC forms (339 to 

193 occurrences; z=2.22, p=.03). In CVCV forms progressive assimilation was more 

frequent than regressive but not at a significant level (135 to 120 occurrences; z=.32, 

p=.75). 
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Figure 4. Direction of place assimilation by word shapes 

 

Figure 5 displays the relative frequencies for ratios of assimilation in given targets 

at CVC_C1, CVC_C2, CVCV_C1, and CVCV_C2 positions. The ratios at CVC_C2 

accounted for .88 for labials, .43 for coronals, and .37 for dorsals. The ratios at CVC_C1 

accounted for .77 for labials, .39 for coronals, and .02 for dorsals. Results revealed that 

labials more frequently motivated assimilation than coronals and dorsals at both word 

positions. Dorsals at CVC C2 more frequently motivated assimilation relative to dorsals 

at CVC_C1. However, the ratios of labials and coronals at CVC_C2 position and the 

ratios of labials and coronals at CVC_C1 revealed as being similar. The ratios at 

CVCV_C1 accounted for .86, .39, and .41 for labials, coronals, and dorsals respectively 

and .84, .65, and .37 for CVCV_C2. Labial assimilation dominance was observed for 

both word positions. Coronals at CVCV_C1 more frequently motivated assimilation than 

those at CVCV_C2. Labials, coronals, and dorsals more frequently motivated 

assimilation at CVCV_C1 relative to CVC_C1 position within words. Ratios at CVC_C2 
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position were similar to ratios CVCV_C2 position. The frequencies of occurrence and 

ratios of place assimilation to target frequencies relative to word shapes (i.e. CVC and 

CVCV) are displayed in Table 7.  

 

0.77

0.88
0.84 0.86

0.39
0.43

0.65

0.39

0.02

0.37 0.37
0.41

0.00

0.20

0.40

0.60

0.80

1.00

CVC_C1 CVC_C2 CVCV_C1 CVCV_C2

R
at

io
s 

o
f 

A
ss

im
il
at

io
n

 t
o

 T
ar

g
et

s

Position-in-word

Labial Assimilation

Coronal Assimilation

Dorsal Assimilation

 

Figure 5 Place assimilation by word shapes and word positions 

Table 7. Place assimilation relative to targets by word positions. 

Assimilation Targets Ratio Assimilation Targets Ratio Assimilation Targets Ratio

CVC_C1 145 189 0.77 42 108 0.39 6 242 0.02

CVC_C2 57 65 0.88 49 115 0.43 29 78 0.37

CVCV_C1 37 44 0.84 277 427 0.65 25 68 0.37

CVCV_C2 32 37 0.86 49 127 0.39 39 94 0.41

Labial Coronal Dorsal
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Summary 

Place assimilation patterns in CVC and CVCV word shapes confirmed the study 

prediction that different patterns between CVC and CVCV word shapes would be 

observed. Coronal and labial assimilation was most frequent for CVC forms. CVCV 

forms did not show a dominant pattern. Regressive over progressive assimilation was 

dominant for CVC forms while no difference was found for CVCV forms. Ratios of 
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assimilation to target words revealed that labials and coronals more frequently motivated 

assimilation at all four positions within words.  

 

5.1.4. Developmental Patterns 

Prediction: The influence of movement capacity constraints in the production 

system of children on assimilation patterns will decrease over time. 

 

A. Overall Patterns 

Place assimilation was analyzed at the four time periods (Time 1 through Time 4). 

Time 1 encompasses 12 to 18 months, Time 2, 19 to 24 months, Time 3, 25 to 30 months, 

and Time 4, 31 to 36 months. Frequencies of occurrence over time are summarized in 

Appendix 4. The total frequency of assimilated forms was 85 at Time 1, 309 at Time 2, 

233 at Time 3, and 170 at Time 4, indicating that assimilation occurred most frequently at 

Time 2. Figure 6 represents frequencies and proportions of each type of place 

assimilation. At Time 1, labial and dorsal assimilation occurred more frequently than 

coronal assimilation. The proportions of dorsal assimilation decreased over time. Coronal 

assimilation occurred more frequently than labial and dorsal assimilation at Time 2. At 

Times 3 and 4, both coronal and labial assimilation occurred frequently with similar 

proportions. Based on the prediction for movement perspective, a possible prediction to 

make was labial and coronal assimilation dominating early and dorsal assimilation 

emerging later in development. However, results did not confirm the prediction in 

particular for dorsal assimilation which occurred with a high frequency at Time 1 and 

decreased over time. 
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Figure 6. Place assimilation over time 

 

B. Intervening Vowel Effects 

Table 8 displays consonant-vowel co-occurrences in assimilated words over time. 

Results confirmed the prediction that intersyllabic co-occurrence constraints will 

decrease over time. The three predicted CV co-occurrences were observed at high ratios 

at Time 1 and 2 overall. At Time 3 and 4 all the predicted co-occurrences occurred below 

chance levels. When CVC and CVCV forms were considered separately, different 

patterns between word shapes was observed. All three predicted pairs were observed at 

above chance levels at Times 1, 2, and 3 for CVCV forms. For CVC forms, however, two 

predicted patterns were observed at the two earliest periods only. The influence of vowel 

context on assimilations was not observed at the two later periods for CVC forms. 

Results indicate that the vowel context effect persisted longer for CVCV target forms 

while assimilation patterns were resolved early in CVC target forms. 
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Table 8. Consonant-vowel co-occurrence in assimilated forms over time 

Front vowel Central vowel Back vowel Front vowel Central vowel Back vowel Front vowel Central vowel Back vowel

Coronal 1.44 0.77 0.00 2.16 0.80 0.00 1.46 0.66 0.00

Labial 0.67 1.16 2.07 0.48 1.06 1.92 0.71 1.19 2.14

Dorsal 1.21 0.92 0.00 0.00 1.28 0.00 1.15 0.91 0.00

Coronal 1.16 1.10 0.48 1.06 1.11 0.52 1.39 0.94 0.47

Labial 0.67 1.09 1.34 0.71 0.72 2.43 0.62 1.85 0.29

Dorsal 0.83 0.48 2.57 1.27 0.77 1.30 0.61 0.39 2.59

Coronal 0.96 1.03 1.06 0.86 1.20 1.03 2.05 0.53 0.00

Labial 1.18 0.79 0.95 1.34 0.46 1.02 0.51 1.27 0.83

Dorsal 0.32 1.89 0.91 0.00 2.68 0.64 1.32 0.69 2.86

Coronal 0.96 1.23 0.69 0.99 1.30 0.64 0.73 1.11 1.81

Labial 1.02 0.71 1.49 1.05 0.57 1.41 0.00 1.61 0.00

Dorsal 1.22 0.74 0.73 0.00 2.14 2.82 2.49 0.23 0.00

Time 3

Time 4

Overall CVC CVCV

Time 1

Time 2
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C. Word Level Effects 

Developmental patterns for word shapes are displayed in Figures 7 and 8. As 

shown in Figure 7, in CVC forms labial (50%) occurred most frequently followed by 

coronal assimilation (36%) at Time 1. From Time 2 onward, coronal assimilation was the 

most frequent type of place assimilation. Percentages of dorsal assimilation decreased 

over time. Figure 8 displays patterns in CVCV forms. Developmental trends in CVCV 

forms were similar to CVC forms. Percentages of dorsal assimilation were higher (33%) 

in CVC than CVCV assimilated forms at all time periods.  
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Figure 7. Place assimilation over time in CVC forms 
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Figure 8. Place assimilation over time in CVCV forms 

 

Summary 

The study prediction was confirmed most clearly for intervening vowel effects in 

place assimilation. Developmental analyses revealed that consonant-vowel compatibility 

was observed at the earlier two time periods only but not at Times 3 and 4. Comparing 

CVC and CVCV forms, consonant-vowel associations at above-chance level were 

observed with high values for CVCV forms for a longer time relative to CVC forms. 

There was not a significant change over time for general biases and word complexity 

effects.  
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5.2. MANNER ASSIMILATION 

5.2.1. General Patterns 

Prediction: Stops and nasals will motivate assimilation more frequently than 

fricatives. 

 

A. Overall Patterns 

A total of 773 manner assimilations in the children‟s production were observed. 

The details of frequencies of occurrence of manner assimilation in these 10 children for 

the entire study period are summarized in Appendix 5. Table 9 displays frequencies of 

occurrence and percentages of manner assimilation overall. Stop (S) assimilation 

accounted for the majority of manner assimilations (683; 88%). Stop assimilation was 

statistically more frequent than the other three assimilation types (i.e. p values for each 

were less than .0001). Nasal (N) assimilation (39; 5%), fricative (F) assimilation (42; 

5%), and “Other” (O) assimilation (9; 1%) were far less frequent in these 10 children. 

Fricative manner includes affricate assimilation as well for this analysis. “Other” manner 

in the present study included liquid, glide, and flap. Nine “Other” assimilations occurred 

and all of these are glide assimilation in a single target „bow-wow‟ from a single child. 

Previous research (e.g. Stoel-Gammon, 1985, Davis, MacNeilage, & Matyear 2002) has 

reported that glides are one of the most frequently occurring consonant manners of 

articulation in early child output inventories. However, glide manner rarely participated 

in assimilation patterns in these children. Except these 9 glide assimilations (i.e. [wawa] 

for „bowwow‟), consonant manners in “Other” category such as liquid, glide, and flap did 

not motivate assimilation at all. Results confirmed the prediction in the sense that stop 

assimilation most frequently occurred than any other manner assimilation.  
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C1 versus C2 position 

For manner assimilation, there was no difference between the first (C1) and the 

second (C2) consonant positions. Stop assimilation was dominant both in C1 and C2 

positions (Table 9).  

 

Direction of Assimilation 

Regressive assimilations occurred more frequently (543; 71%) than progressive 

assimilations (224; 29%) overall (Table 9). The difference was statically significant 

(z=2.59, p=.009). This manner result contrasts with place assimilation where no 

significant difference was observed. Six non-assimilatory harmony words were excluded 

from statistical analysis consistent with the choice of exclusion in place assimilation. 

Regarding each consonant manner, regressive stop assimilation (494) occurred more 

frequently than progressive assimilation (188) at a significant level (z=2.83, p<.0047). 

Regressive fricative assimilation (30) occurred more frequently than progressive fricative 

assimilation (12) (z=2.29, p=.002). Progressive nasal assimilation (24) was more frequent 

than regressive nasal assimilation (10) but not at a significant level (z=1.13, p=.26). All 

glide (e.g. “Other”) assimilations were regressive. Results show that regressive 

assimilation was more frequent in most consonant manners. 
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Table 9. Frequency of occurrence and percentage of manner assimilation 

 

B. Manner Assimilation Relative to Target Frequencies 

Table 10 displays the number of assimilation, target words containing the given 

consonant manner, and the ratios of assimilation relative to given targets. The ratio of 682 

stop assimilation words to 750 stops in targets was .91. The ratio of 42 nasal assimilation 

words of 53 targets containing nasals was .79. The ratios for fricative assimilation and 

“Other” assimilation accounted for less than .1. Results showed that stops and nasals 

have a high potential to motivate assimilation in given possibilities while fricatives do 

not. This result confirmed the study prediction regarding nasal as well as oral stop 

assimilation dominance over fricatives. 

 

C1 versus C2 position 

According to the relative frequency shown in Table 10, both stops (.82) and 

nasals (.89) equally dominate over fricatives and “Other” at C1 position within words. At 

C2 position, stops (.95) are most frequent type of manner assimilation than nasal (.38) 

and fricatives (.41). 

Frequency % Frequency % Frequency % Frequency %

Stop Assimilation 188 84% 494 91% 1 17% 683 88%

Nasal Assimilation 24 11% 10 2% 5 83% 39 5%

Fricative Assimilation 12 5% 30 6% 0 0% 42 5%

Other Assimilation 0 0% 9 2% 0 0% 9 1%

Total 224 100% 543 100% 6 100% 773 100%

* Non-assimilatory harmony (e.g. /mam/ for 'bath ')
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Directions of Assimilation  

Stops revealed no asymmetry for directional patterns (Table 10). Result indicates 

assimilation patterns observed in frequency reflect target characteristics. However, nasal 

progressive assimilation (.89) was more frequent relative to regressive assimilation (.38). 

Fricative regressive assimilation (.41) was more frequent relative to progressive 

assimilation (.02). This result indicates that nasals and fricatives may interact with 

positions in words.    

 

Table 10. Manner assimilation and the number of target words at C1 and C2 (Decimals 
indicate ratios of assimilated words to possible targets) 

Assimilation Consonants in Targets Ratio Assimilation Consonants in Targets Ratio *Assimilation Consonants in Targets Ratio

Stop 188 229 0.82 494 521 0.95 682 750 0.91

Nasal 24 27 0.89 10 26 0.38 34 53 0.64

Fricative 12 492 0.02 30 73 0.41 42 565 0.07

Other 0 25 0.00 9 153 0.06 9 178 0.05

224 773 0.29 543 773 0.70

* Non-Assimilatory Harmony was excluded.

C1 C2 Total

 

 

C. Assimilation Patterns Relative to C1_C2 Interactions 

Figure 9 displays frequencies of occurrence and percentages of manner 

assimilations relative to interactions between two consonant manners within target words. 

Manner combinations include Stop/Fricative (SF & FS), Stop/Nasal (SN & NS), 

Stop/”Other” (SO & OS), Nasal/Fricative (NF & FN), Nasal/”Other” (NO & ON), and 

Fricative/”Other” (FO& OF). Because the raw frequencies of patterns other than stop 

assimilation were too low, percentages may not properly represent characteristic patterns. 
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Therefore both frequencies (Figure 9 top) and percentages (Figure 9 bottom) are 

displayed below. Statistical analysis was conducted only for S/F, S/N, and S/O due to the 

low frequency of other assimilation types.  

When target forms were sequences containing stops such as SF/FS (e.g. „bath‟ or 

„sheep‟) or SO/OS („ball‟ or „red‟), stops motivated assimilation relative to the other 

consonant manners (z=5.35, p<.0001 for S/F). When target words were SN/NS, however, 

stop assimilation was more frequent than nasal assimilation but was not dominant over 

nasal assimilation (e.g. /nana/ for „gonna‟ but /tʌ t/ for‘turn; z=1.29, p=.195). When 

target words were NF/FN (e.g. „mouse’ or „then‟) and NO/ON (e.g. „more‟ or „one‟) 

forms, all assimilations were nasal assimilation. For target word FO and OF forms (e.g. 

„Silly‟ and „leash‟), fricative assimilation occurred most frequently. Results represented 

stops motivated assimilation most frequently of manner types. Nasals more frequently 

motivated assimilation relative to “Other” and fricatives. Fricative relative to “Others” 

frequently motivated assimilation.  
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Figure 9. Frequency (top) and percentage (bottom) of manner assimilations regarding C1_C2 combinations 
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To evaluate whether the sequential order between two consonants within a word 

affected assimilation patterns, sequences containing stops (e.g. SF versus FS) were 

compared. Due to the low frequency of other patterns than stop assimilation, analysis was 

conducted for sequences with stops. Figure 10 displays patterns for the 6 combinations 

containing stops. For SF and FS target forms, stops more likely motivate assimilation 

regardless of the order of the two consonants (e.g. /bab/ for „bath‟). For SO and OS target 

forms, stop assimilation dominance was observed both in SO and OS as well (i.e. 93% 

for SO and 88% for OS). For SN and NS target forms, however, stop assimilation was 

more frequent than nasal assimilation when a stop was word initial followed by a within 

word nasal (76%). On the other hand, when a nasal was word initial followed by within 

word stop, nasal assimilation was more frequent (81%). Table 11 below displays 

frequencies and percentages of manner assimilation relative to each consonant manner 

combination.  
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Figure 10. Manner assimilation in combinations of consonant sequences 

 



 66 

Table 11. Manner assimilation relative to C1_C2 combination 

Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq % Freq %

SS (Stop Assimilatoin) 34 57% 477 98% 511 93% 16 76% 3 19% 19 51% 138 93% 14 88% 152 93% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 1 100% 0 0% 1 14% 683 88%

NN (Nasal Assimilatoin) 2 3% 0 0% 2 0% 0 0% 13 81% 13 35% 1 1% 2 13% 3 2% 7 100% 2 100% 9 100% 4 100% 3 100% 7 100% 0 0% 0 0% 0 0% 34 4%

FF (Fricative Assimilatoin) 24 40% 12 2% 36 7% 5 24% 0 0% 5 14% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 6 100% 6 86% 47 6%

OO(Other Assimilation) 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 9 6% 0 0% 9 5% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 9 1%

Total 60 100% 489 100% 549 100% 21 100% 16 100% 37 100% 148 100% 16 100% 164 100% 7 100% 2 100% 9 100% 4 100% 3 100% 7 100% 1 100% 6 100% 7 100% 773 100%

NO ON NO&ON FO OF FO&OF

Fricative/Others
Overall

SF FS SF&FS SN NS SN&NS SO OS

Stop/Fricative Stop/Nasal Stop/Others Nasal/Fricative Nasal/Others

SO&OS NF FN NF&FN
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Summary 

The study prediction was confirmed for manner assimilation. Stops and nasals 

frequently motivated assimilation relative to fricative consonant manner overall. Nasal 

was the second most frequent manner type motivating assimilation, followed by fricatives 

and “Others”. Regarding patterns of interactions of two consonant manners, dominance 

of stops motivating assimilation was stronger relative to fricative (and “Other”) manners 

regardless of the sequential order of consonants within words. However, for interactions 

between oral and nasal stops, oral stop assimilation dominance over nasal stop 

assimilation was not significant. Regressive assimilation dominance was more striking 

for manner assimilation overall compared to place assimilation. Progressive nasal 

assimilation relative to regressive assimilation and regressive fricative assimilation 

relative to progressive assimilation were observed frequently. 

 

5.2.2. Word Level Effects 

Prediction: Assimilation patterns will be different relative to word complexity (i.e. 

CVC and CVCV)  

 

A. Overall Patterns Relative to Word Shapes 

Table 12 represents the frequencies and percentages of manner assimilation 

relative to CVC and CVCV word shapes. Relative to manner assimilation characteristics, 

there was no noticeable difference between CVC and CVCV word shapes. In both CVC 

and CVCV target forms, stop assimilation dominated (91% and 83% respectively). 

Fricative, nasal and other assimilation rarely occurred within either word shape.  
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Table 12. Manner assimilation relative to word shapes (i.e. CVC and CVCV) and 
positions-in-word (i.e. word-initial, word-medial, and word final position) 

Freq % Freq % Freq % Freq % Freq % Freq %

Stop Assimilation 34 72% 484 93% 518 91% 154 87% 10 48% 164 83%

Nasal Assimilation 10 21% 8 2% 18 3% 14 8% 2 10% 16 8%

Fricative Assimilation 3 6% 30 6% 33 6% 9 5% 0 0% 9 5%

Other Assimilation 0 0% 0 0% 0 0% 0 0% 9 43% 9 5%

Total 47 100% 522 100% 569 100% 177 100% 21 100% 198 100%

* Non-assimilatory harmony was excluded

C1 C2 Subtotal

Word shapes

C1 C2 Subtotal

CVC CVCV

 

 

B. Direction of Assimilation Relative to Word Shapes 

However, directional patterns of manner assimilation revealed differences 

between CVC and CVCV forms. Regressive relative to progressive assimilation for 

consonant manner was significantly more frequent in CVC forms (522 to 47 occurrences; 

z=7.08, p<.0001). Progressive relative to regressive assimilation was significantly more 

frequent in CVCV‟s (177 to 21 occurrences; z=4.44, p<.0001). Figure 11 illustrates this 

outcome. The differences in directional patterns between the two word shapes were more 

apparent for manner assimilation relative to place assimilation. 
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Figure 11. Direction of manner assimilation by word shapes 

 

Figure 12 illustrates the relative frequencies in ratios of manner assimilation in 

given targets in CVC_C1, CVC_C2, CVCV_C1 and CVCV_C2 position. For CVC target 

forms, stops and fricatives more frequently motivated assimilation in CVC_C2 position 

than CVC_C2 position. At CVC_C1 position nasal assimilation frequently occurred. For 

CVCV target forms, all manner types except “Others” more frequently motivated 

assimilation at C1 position while manner assimilations less likely occurred in C2 

position. In particular, consonant manners frequently motivated in the absolute final 

position of CVC forms relative to the word medial position of CVCV.  
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Figure 12. Manner assimilation relative to word shapes and word positions 

 

Summary  

Manner assimilation patterns within CVC and CVCV word shapes confirmed the 

study prediction for direction of assimilation. Progressive assimilation was dominant in 

CVCV forms whereas regressive assimilation was dominant in CVC forms. Stop and 

fricative assimilation frequently occurred at C2 for CVC. For CVCV forms all 

assimilations except “Other” assimilation occurred more frequently at C1. 
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5.2.3. Developmental patterns 

Prediction: The influence of movement capacity constraints in the production 

system of children on assimilation patterns will decrease over time. 

A. Overall Patterns 

Developmental patterns of manner assimilation are displayed in Figure 13. Total 

frequencies of occurrence of manner assimilation increased over time. Total frequencies 

were 65 at Time 1, 177 at Time 2, 248 at Time 3, and 271 at Time 4. This pattern 

contrasts to that of place assimilation where frequency at Time 2 was the highest then 

decreased over time. This outcome may indicate that consonant manner assimilation 

persists longer than place assimilation during the period analyzed. A possible prediction 

for developmental patterns regarding manner versus place assimilation was that manner 

variegation would emerge later than consonant place variegation in the first word period 

where the child must match precise supraglottal adjustments for degree and positioning of 

closure to varied word targets. This result supports the prediction. 

Stop assimilation was the most frequent manner assimilation type for all four time 

periods with an increasing trend. At Time 1, other assimilations than stop assimilation 

accounted for 37%. Nasal assimilation accounted for 17% “Other” assimilation 14% and 

fricative assimilation 6%. Over time the proportion of these three assimilations 

decreased. 
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Figure 13. Manner assimilations over time 

 

B. Direction of Assimilation 

Figure 14 displays directional patterns of manner assimilation over time. 

Regressive assimilation dominance was observed at Times 2 through 4. At Time 1, 

progressive assimilation occurred more frequently than regressive assimilation. For the 

raw frequency of each type of manner assimilation over time, see Appendix 6. 
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Figure 14. Direction of manner assimilation over time 

 

C. Word Level Effects 

There was no significant difference in CVC versus CVCV word shapes over time 

for manner assimilation. Stop assimilation occurred most frequently at most time periods 

for both word shapes with a slightly increasing trend.  A notable result of developmental 

pattern analysis for manner assimilation was the assimilatory direction between CVC and 

CVCV word forms. Figures 15 and 16 display results for CVC and CVCV forms 

respectively. For CVCs, progressive relative to regressive assimilation was slightly more 

frequent (57%) at Time 1 and regressive assimilation was dominant at Times 2 through 4 

(84% to 98%). The ratios between the two directions increased over time. In CVCV 

forms, the reverse pattern was observed. Progressive assimilation was dominant over 

regressive assimilation for the entire period of the study. The percentages of progressive 

assimilation gradually increased from 78% at Time 1 to 95% at Time 4. The progressive 
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dominance for CVCV forms observed at all time periods contrasts to the patterns for 

place assimilation whereby showed a gradual increase toward regressive assimilation 

dominance for CVCV forms. 
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Figure 15. Direction of manner assimilation for CVC forms 
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Figure 16. Direction of manner assimilation or CVCV forms 
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Summary 

Analysis of developmental trends for manner assimilation showed that stop 

assimilation dominance persisted during the entire time period analyzed with increasing 

proportions. Regressive assimilation dominance increased over time. Regarding 

directional patterns relative to word shapes, progressive assimilation was dominant in 

CVCV forms whereas regressive assimilation was dominant in CVC forms and the trend 

became more prominent over time.  

 

OVERALL SUMMARY 

General Patterns of Assimilation 

Overall patterns of place assimilation relative to target characteristics and C1_C2 

sequences within targets confirmed the study prediction. Labials more frequently 

motivated assimilation than coronals and dorsals. Coronals more frequently motivated 

assimilation relative to dorsals. These patterns were observed regardless of the positions-

in-word and the sequential order of C1 and C2. Results indicate that motorically more 

available labials relative to linguals and coronals relative to dorsals motivated 

assimilation regardless of interactions of consonant sequences within words.  

Regarding manner characteristics, the study prediction was confirmed. 

Assimilation patterns showed that stops and nasals more frequently motivated 

assimilation than fricatives and other manners as predicted regardless of sequential order.  

 

Intervening Vowel Effects 

The prediction was confirmed in particular for lingual consonants. Coronal and 

dorsal consonants and the intervening vowel in assimilated forms had articulatorily 
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compatible relationships at above-chance levels. When word shapes were considered, 

three predicted consonant-vowel co-occurrence patterns were observed in CVCV but not 

in CVC assimilated forms. 

 

Word Level Effects 

Place assimilation patterns were distinctive related to CVC and CVCV word 

shapes. Coronal and labial assimilation was more frequently observed than dorsal 

assimilation for CVC forms. CVCV forms did not show significant differences among 

place assimilation types. Regressive assimilation dominance was observed in CVC while 

no directional asymmetry was observed in CVCV word shapes. The assimilatory patterns 

for C1 and C2 positions between CVC and CVCV word forms were different. Place 

assimilation frequently occurred at CVC_C2 relative to CVC_C1 position and at 

CVCV_C1 relative to CVCV_C2 position. 

Manner assimilation patterns confirmed the study prediction. A different 

directional pattern between CVC and CVCV was observed. Regressive assimilation was 

dominant for CVC while progressive assimilation was dominant for CVCV. Stops and 

fricatives frequently motivated assimilation at CVC_C2 relative to CVCV_C2 position. 

Nasals frequently motivated assimilation at word initial position of CVC and CVCV 

forms. 

 

Developmental Patterns 

The study prediction for developmental patterns of place assimilation was 

confirmed for intervening vowel context effect. Consonants and vowel co-occurrences in 

assimilated words were observed at above-chance-levels at the earlier two time periods, 
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but not the later two time periods. When two different word shapes such as CVC and 

CVCV were considered, the intervening vowel effect persisted longer for CVCV than 

CVC forms. 

A possible prediction for a general bias was that labial and coronal assimilation 

will be dominant at earlier periods. Dorsal assimilation emerges later in development. 

Contrary to the prediction, however, developmental trend represented at Time 1 dorsal 

assimilation preceded by labial assimilation was more frequent than coronal assimilation 

then decreased over time. Results indicate that dorsal assimilation occurred in the 

beginning of first word use and rarely occurred with a gradual decreasing trend through 

36 months of age. Coronals and labials frequently motivated assimilation for the entire 

time period of the study. There was not a notable developmental change affected by word 

level complexity. 

Regarding manner assimilation patterns, stop assimilation was dominant at any 

word position and word shape across the entire time period of the study. There was 

slightly more variety for manner assimilation types at Time 1 but stop assimilation 

dominance strengthened over time. A notable pattern was that progressive assimilation 

became more dominant for CVCV word forms over time while regressive manner 

assimilation emerged for CVC.  
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Chapter 6: Discussion 

Consonant assimilation in early words was explored from a movement (or 

production)-based phonetic perspective. Movement-based phonetic approaches 

emphasize that speech development should be considered in the context of movement 

capacities available to children‟s maturing production system as well as perceptual 

influences from input related to the characteristics of word targets they attempt. These 

approaches contrast to representation-based phonological approaches. Phonological 

approaches consider children‟s output forms as being a manifestation of a priori linguistic 

knowledge or mentally represented constraints on producing output.  

A general prediction related to assimilation was that motorically less available 

forms assimilate to more available forms in children acquiring ambient language 

patterns for speech complexity. This perspective springs from hypotheses the 

Frame/Content Theory (MacNeilage & Davis, 1990). From this theoretical perspective, 

four predictions about general patterns, intervening vowel context, word level 

complexity, and developmental patterns were evaluated. Most predictions were 

confirmed. 
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6. 1. PLACE ASSIMILATION 

6.1.1. General patterns 

Prediction: Labials relative to coronals and dorsals will motivate assimilation; 

Coronals relative to dorsals will motivate assimilation. 

 

Labial > Coronal> Dorsal  

A major finding for general patterns of place assimilation in these children was 

that labial consonants more frequently motivated assimilation than lingual consonants 

(i.e. coronals and dorsals). In addition, coronals more frequently motivated assimilation 

than dorsals. In fact, the frequencies of occurrence of place assimilation overall revealed 

coronal and labial assimilation showed no statistical differences (Table 1). Both occurred 

more frequently than dorsal assimilation. These raw frequencies reflected target word 

frequencies rather than pure assimilation characteristics. The relative frequencies in ratios 

of the raw frequencies of assimilation to target word frequencies were also calculated 

(Table 2). Results of the relative frequencies revealed that labials (.81) showed the 

highest potential to motivate assimilation in these 10 children in targets attempted 

followed by coronals (.54). Dorsals (.21) showed very low propensities to motivate 

assimilation. The relative frequencies in ratios revealed a hierarchy of labial > coronal > 

dorsal regardless of C1 or C2 positions within words (Table 2) or sequential order of two 

consonants within words (Figure 2). This finding confirmed the study prediction stated 

above. 

The present outcome representing a labial-coronal-dorsal hierarchy in frequency 

assimilation contrasts to claims of most previous representation-based phonological 

studies (reviewed in Chapter 2). Previous phonologically based analyses have reported 
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that dorsals (Smith, 1973, Menn, 1975, Pater, 1997); or dorsals and labials (Stoel-

Gammon & Stemberger, 1994) have higher potential for triggering assimilations. Coronal 

has been reported as having the least propensity to motivate assimilation in phonological 

proposals. For example, Menn (1975) proposed a „strength hierarchy‟ of coronal < labial 

< dorsals representing assimilating power for consonant place from her case observation. 

Dorsal was described as having the strongest potential to motivate assimilation while 

coronal had the least. Stoel-Gammon & Stemberger (1994) viewed dorsals and labials as 

having equally higher potential to motivate assimilation relative to coronals based on the 

status of feature specification in languages. However, the observed patterns for the ten 

typically developing children in the present study did not fit these phonological claims in 

particular for the status of coronals and dorsals. The present study observed frequent 

coronal assimilation and rare dorsal assimilation. 

Why do the outcomes from previous studies differ so much from the present study 

findings? Methodological difference may be one possible reason. For example, most of 

the previous studies investigated a small number of samples from a limited number of 

children as well as limited age ranges (Smith, 1973, Ingram, 1974, Menn, 1975, Pater 

1997) even though there were some exceptions (e.g. Vihman, 1978). In contrast, a large 

number of samples collected from spontaneous speech for multiple children as a group 

we analyzed for this study. Thus more general patterns in early speech production were 

characterized rather than examples of patterns that illustrate a type of pattern without 

reference to a larger corpus showing children‟s general patterns of assimilation.  

More importantly, besides the methodological reasons, the representation-based 

assumption in phonological approaches differs from the movement-based perspective 

evaluated here. In phonological approaches, coronals are unmarked consonants (i.e. 

common in languages) while dorsals and labials are marked (i.e. less common) ones. 



 81 

Underspecification Theory (e.g. Stoel-Gammon & Stemberger, 1994), for example, 

suggests that assimilation indicates a general pattern such that unmarked (or 

underspecified in representation) phonemes tend to assimilate to marked (or specified) 

phonemes. Labial and dorsal assimilations targeting coronals are more predicted to occur 

in this view while coronals always should be a default. A default slot is filled with a 

specified feature.  

Based on this assumption, many phonological studies did not include coronal 

assimilation forms in their analysis (except Levelt, 1994). Coronal assimilations were 

considered as a substitution process resulted from “Fronting” or “Stopping” principle 

rather than “Assimilation” (Smith, 1973; Ingram, 1989). For example, /diti/ for “kitty” 

was not counted as assimilation in Vihman‟s (1978) study because she viewed it as 

fronting process targeting syllable-initial velar consonants. However, from a functional 

point of view there seems no reason to treat coronal assimilation differently from labial 

and dorsal assimilation if one does not consider different “representation” status to each 

type of segment. In addition, labials and dorsals, specified for one place feature 

respectively in phonological perspectives, are considered to have equal potential for 

triggering assimilation under the Underspecification view (Stoel-Gammon & Stemberger, 

1994). The „Underspecification‟ account would be unable to explain Menn‟s strength 

hierarchy proposing dorsal as the best candidate for triggering assimilation over labial, 

even if this is really the case.  

The observed patterns in the present study did not fit any of these claims. Dorsals 

showed the least potential for motivating assimilation in these children relative to labials 

and coronals. From a movement-based perspective, it is intuitively questionable if dorsals 

which are hardly produced in early speech relative to labials and coronals are more 

frequently used for reducing word level production system complexity required for 
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targets. In this sense, the present finding that labials and coronals were frequently used in 

assimilation context rather than dorsals seems to be a more plausible outcome of 

considering available movement patterns in young children as motivating frequency of 

assimilation. This is especially accurate if assimilation is seen as a way young children 

reduce the movement complexity of their output to achieve word targets.  

 

Motoric propensities 

Then, what would be the explanation for the patterns observed in this study? Why 

do labials more frequently motivate assimilation than lingual consonants and coronals 

more frequently motivate assimilation relative to dorsals? A possible motivation is 

movement capacities based on motoric propensities available to children. This prediction 

is what the present study has evaluated. That is, children favor motorically more available 

(or potentially “easy-to-produce”) forms than less available movement patterns in 

motivating assimilation. The current results affirm the assertion that labial consonants 

that are more available to infant production system output than coronals and dorsals; and 

coronals are more available to infant production system output than dorsals.  

Are labials motorically more available than lingual consonants, in particular, 

coronals? Because labial and coronal stops are often observed in early production output 

inventories while dorsals are rare, both labials and coronals have often been considered as 

being available earlier than dorsals in young children (e.g. Lewis, 1936; Kent & Bauer, 

1985; Locke, 1983). However, several studies based on Frame/Content (F/C) perspective 

(Davis & MacNeilage, 1995; Davis, et al., 2002) and elsewhere (Bleile, Stark, & 

McGowan, 1993; Locke & Pearson, 1990; Vaivr-Douret, Le Normand, & Wood, 1995; 

Rochet-Capellan & Schwartz, 2005) have reported some possible evidences that labials 

are motorically more available (or easier) than coronals.  
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Firstly, a labial-vowel syllable may result from the most basic movement in 

speech relative to a coronal- or dorsal-vowel pair (Davis & MacNeilage, 1995; Davis, et 

al., 2002). According to the F/C perspective, motoric capacities of children motivate the 

structure of early prelinguistic vocalizations and speech forms. A motor frame provided 

by biphasic cycles of mandibular (jaw) oscillation provides a production system 

foundation of these early forms. This frame-based movement pattern has been observed 

in intrasyllablic (CV) co-occurrence patterns such as labials with central vowels, coronals 

with front vowels, and dorsals with back vowels in babbling and early words of infants in 

English-speaking environment (Davis & MacNeilage, 1995; Davis, et al.,2002) and in 

other language environments (Gildersleeve-Neumann, 2000, Teixera & Davis, 2002, 

Kern & Davis, 2009). Labials with central vowels (i.e. basic frames) are proposed as 

being more available for infants to produce than coronals with front vowels or dorsals 

with back vowels (i.e. „fronted‟ frames or „backed‟ frames) because labials involve 

mandibular movement only when the tongue in resting position - i.e. the basic frame 

(Davis, et al., 2002). Coronals and dorsals may be less available to children than labials 

because they require additional tongue movements in addition to the basic frame – i.e. 

tongue fronting or backing movement.  

A second evidence of labials being motorically more available than coronals is 

that the frequency of labials relative to coronals increases when infants emerge from 

babbling into first words. The mean ratio of labial to coronals in babbling infants is .77:1 

but the ratio in first word period was 1.7:1 (Davis, et al., 2002). Infants in several 

language environments have shown the same trend (Boysson-Bardies et al., 1992) while 

input languages tend to have more coronals than labials (Maddieson, 1984). Davis et al. 

(2002) interpreted the tendency as a regression to easier production forms when an infant 

begins to face of the new demand of interfacing the action system with the developing 
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mental lexicon. Supportive evidence was reported from three studies of infants with a 

tracheotomy, a plastic breathing tube, due to a medical problem (Bleile, Stark, & 

McGowan, 1993; Locke & Pearson, 1990; Vaivr-Douret, Le Normand, & Wood, 1995). 

The children were deprived of a chance to vocalize in usual way at early ages due to 

insertion of a tracheal tube. In their first attempts at speech after the tracheotomy was 

removed, they strongly preferred labial consonants. 

Finally, in inter-consonantal variegation in early words as well as in languages, a 

labial-vowel-coronal (LC) sequence occurred more frequently than coronal-vowel-labial 

(CL) (MacNeilage et al., 1999, 2000, Davis, et al., 2002). In previous reports (Macken, 

1978), infants produced the LC patterns even in attempts at words which had the opposite 

(CL) sequence (e.g. /pot/ for “top”). The LC pattern preference over CL preference was 

interpreted to be a result of easy initiation for labial production (i.e. pure frame) then 

coronals rather than the reverse (i.e. CL). Onset of syllable production from a resting 

position of the tongue rather than active lingual initiation was suggested as being more 

available to the child. Speech production in adult speakers also reported the articulatory 

economy for LC (/pata/) than CL (/tapa/) in speedy repetition tasks (Rochet-Capellan & 

Schwartz, 2005). 

Between coronals and dorsals, dorsals are considered less accessible to the infant 

production system at least in the early period of word use. Coronal consonants involve 

the anterior tongue while dorsal consonants involve the back of the tongue (Öhman, 

1966). Recent physiological studies report that tongue movements in speech are based on 

biomechanical properties of the tongue in general (i.e. Sanguineti, et al, 1997, Hiiemae & 

Palmer, 2003). Movements in speaking often show a commonality with movements in 

eating. These studies also suggest that tongue movements in eating as well as speech are 

tightly related to the jaw and the hyoid due to the anatomical and biomechanical 
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characteristics of these structures. In particular, the tongue body is anchored to the 

mandible, the hyoid and cranial base by its extrinsic muscles. In contrast, the anterior part 

of the tongue is relatively independent from these attachments. As a result, the dorsum 

may be less free to move relative to the anterior tongue. In addition, the anterior part of 

the oral tract has a more space during open phase of mandibular cycles whereas the 

tongue back has a relatively smaller space. Consistent with the hypothesis, physiological 

studies reported that the anterior tongue more involves in eating while the tongue body, 

which is attached to the mandible, roles as a pedestal (e.g. Hiiemae & Palmer, 2003). In 

this reasoning, dorsal consonants may be less available for children to produce relative to 

coronals. This reasoning may be more relevant to the biomechanical properties of 

children's system where the oral tract is relatively short and flat relative to adults‟ 

structure. Many studies in speech development have reported that dorsals are less 

frequent than coronals as well as labials in babbling and early speech (e.g. Davis, et al., 

2002). 

From movement point of view, labial consonants are more available for infants to 

produce in early speech production than lingual (i.e. coronal and dorsal) consonants and 

coronals are more available for infants than dorsals. Assimilation patterns observed in the 

present study suggest that motorically available forms for children more frequently 

motivate assimilation than less available forms. 

 

Why motoric? 

Why do children favor motorically available forms in assimilation patterns? In 

research on babbling and the first words, production system capacity was a primary 

component to accounting for early speech (Davis & MacNeilage, 1995; Davis et al., 

2002). Many studies have reported that infants show preference for labials and coronals 
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and nasals, mid and low; front and central vowels, simple CV syllable shapes, the CV co-

occurrence patterns, and labial-coronal sequence in their early inventories. These output 

forms appear to be primarily motivated by “motor” based causality although perceptual 

or language input factors may play some role as well. Motor dominated output patterns 

have been commonly observed in hearing impaired children (e.g. Warner-Czyz, Davis, & 

Morrison, 2005; Warner-Czyz, Davis, & MacNeilage, 2010) as well as hearing children 

and in infants from various language environments (Lee, Davis & MacNeilage, 2010, 

2003; Gildersleeve-Neumann, 2000; Teixeira & Davis, 2002; Kern & Davis, 2009).  

Consonant assimilation patterns observed in the present study also represented 

movement-based preferences for assimilation forms. No significant directional 

asymmetry for labial and coronal place assimilation was observed overall. There was no 

difference in relative frequencies between the initial (C1) versus non-initial (C2) position 

in words. These findings indicate that children favor to use the forms already available in 

their production system when they face the challenging task of overcome a lack of mature 

motor control with matching language target complexity.  

The movement-based preference for consonant places in assimilation patterns was 

also verified by analyzing assimilation patterns relative to consonant sequences (inter-

consonantal interactions) in this study. The assimilating tendency toward labials over 

linguals and coronals over dorsals was found regardless of sequential order of consonants 

within targets (Figure 2). Labials relative to coronals more frequently motivated 

assimilation for LC and/or CL targets (e.g. /bap/ for „bat‟ or „tap‟). Labials relative to 

dorsals motivated assimilation for LD and/or DL targets (e.g. /bap/ for „bag‟ or „cap‟). 

Coronal relative to dorsal more frequently motivated assimilations in CD and/or DC 

targets (e.g. /tat/ for „tag‟ or „cat‟). These results provide a clear evidence for the assertion 
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that the degree of motoric availability of consonant production is the primary motivation 

accounting for the assimilation patterns.  

Perceptual factors did not appear to play a prominent role in determining in the 

overall form of these observed assimilation patterns. Firstly, the preference for labials and 

coronals over dorsals in motivating assimilation in these children does not seem to result 

from perceptual influences. There has been little perceptual evidence for any of the 

preference for sounds and sound patterns observed in the babbling and first word stages. 

Perception studies have reported conflicting results concerning the relative perceptual 

“salience” of different stop places of articulation (Miller & Nicely, 1955; Wang & Bilger, 

1973). 

These results contrast to an often cited phonological proposal termed „Fronting‟ 

(Ingram, 1974). Ingram has suggested that the first consonant will have a more anterior 

place of articulation than the second. If the first consonant does not have anterior place of 

articulation relative to the following consonant, the first consonant assimilates to the 

second. Based on this principle, coronal-labial (CL) relative to labial-coronal (LC) and 

dorsal-labial (DL) relative to labial-dorsal (LD) sequences should be targets for 

assimilation. However, the present study observed that the sequential order of consonants 

within words did not affect observed assimilation patterns. Both for LC and CL 

environments and LD and DL sequences, labials more frequently motivated assimilation 

than coronals or dorsals. CD and DC environments showed coronals than dorsals more 

frequently motivated assimilation. This result indicates a movement based principle 

representing a labial-coronal-dorsal hierarchy more generally accounts for assimilation 

patterns observed rather than Ingram‟s „Fronting‟ principle.  

It should be noted that, in CD and DC sequences, coronal assimilation dominance 

was significant for DC targets only (e.g. /tidi/ for „kitty‟) (Figure 2). For CD targets, 
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coronal assimilation was more frequent than dorsal assimilation but did not reach 

significance (e.g. either [dɔd] or [gɔg] for „dog‟). Why was the interaction between two 

lingual consonants different from the one between labial-lingual sequences? If the 

movement perspective explanation is applied, labials with a neutral tongue position may 

be relatively stronger candidate for available movement than lingual consonants requiring 

a tongue involvement. Coronals in CD or DC targets relative to labials in LD or DL 

targets may not provide an equally available candidate for the child movement system in 

motivating assimilation. It is also possible that CD sequences, where an “easy” start 

followed by less available termination are less likely problematic for children to produce 

relative to DC sequences with a less available start and “easy” end. This diversity may 

have resulted in weakening coronal assimilation dominance of CD relative to DC. 

The present study found lexical effects more likely to play a role in this case. 

Twenty six dorsal assimilations were [gaggi] out of 54 „doggie‟ targets. These 26 

occurrences were accounted for by only two of the 10 children. Twenty six [gaggi] 

accounted for almost 20% of CD targets. This lexical bias increased the percentage of 

dorsal assimilation for CD targets, and decreased the ratio of coronal over dorsal 

assimilation. This lexical effect is the reason coronal assimilation was not significantly 

more frequent than dorsal assimilation for CD targets relative to DC. In analysis of types 

of targets, coronal assimilation dominance was significant for CD as well as DC targets. 

Therefore, if lexical effects are removed, motoric-based general patterns are confirmed in 

lingual consonant interactions as well.   

Overall, place assimilation patterns relative to targets and consonant sequences 

within targets confirmed the prediction that labials motivate assimilation more frequently 

than lingual consonants; coronals motivate assimilation more frequently than dorsals. The 

hierarchy confirms a motorically based motivation. Movement properties available to the 
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production system in young children play a primary role in characterizing early place 

assimilation patterns. 

 

6.1.2. Intervening Vowel Effects 

Prediction: Assimilation will occur in the context of articulatorily compatible 

intervening vowels: labials with central, coronals with front, and dorsals with 

back vowels 

 

Another important finding of this study was that intervocalic consonants in 

assimilated forms are mainly articulatorily compatible with the intervening vowel. 

Biomechanically constrained co-occurrence patterns such as labials with central, coronals 

with fronts and dorsals with back vowel were predicted to be observed in assimilation 

patterns based on Frame/Content predictions (MacNeilage & Davis, 1990). Two of the 

three expected patterns were confirmed overall (Table 4). Coronals with front vowels 

(1.04) and dorsals with back vowels (1.85) occurred at above-chance level in assimilated 

word forms. The values above 1 indicate that the patterns occurred more frequently than 

expected by chance. Labials with central vowels occurred below chance levels (.93).  

The vowel context effect indicates lack of independent movements of articulators 

during the transition from the consonant to the vowel portions of the syllables. The 

consonants and the intervening vowel co-occurrences in assimilations observed in these 

children can provide support for the assertion that available movement capacity of 

children such as a lack of independent movement control between consonants and vowels 

in a syllable account for patterns observable early speech forms. Within F/C theory, a 

basic unit of speech is proposed as being the consonant-vowel (CV) alternation, resulting 

in open syllables. Basic CV pairs are considered as manifestations of the motor frame, 
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referring to the rhythmic close-open sequencing movement of the mandible resulting in a 

percept of consonants in the close phase and vowels in the open phase (MacNeilage & 

Davis, 1990). In acquisition, infants begin producing frame-based syllable like output that 

is perceptually apparent. Other articulators do not change independent of the rhythmic 

jaw cycle because of children‟s limited capacity for speech movement control within 

syllables. Segmental „content‟ elements (i.e. consonants and vowels) in addition to the 

basic frame emerge later as children gain independent control of coordinated articulators 

including lips, tongue and velum. Therefore, the consonant-vowel co-occurrence 

observed in the present study seems to demonstrate a lack of intrasyllabic segmental 

independence in these children in assimilated syllables.  

Why did lingual consonants show stronger vowel contexts effects than labials? 

Interestingly, besides the three expected pairs, coronals at the anterior of the oral cavity 

frequently occurred with central vowels (1.06) as well as front vowels (1.04) but not with 

back vowels (.69). On the other hand, dorsal assimilation frequently occurred with back 

vowels (1.85) but not with front vowels (.77). These results indicate more movement 

between lingual contacts and the non compatible vowel patterns than predicted. 

Intrasyllabic constraints in particular related to tongue movement influence speech 

patterns of these children. In fact, previous research has reported the biomechanical 

properties from tongue inertia as a basic constraint for early speech forms (Davis, et al., 

2002). 

It should be noted that labial-central vowel patterns were less frequently observed 

in these 10 children than lingual patterns. This result may indicate that an active role of 

the tongue movement may emerge within assimilated forms (out of pure mandible 

dominance) in these children. From F/C perspective, the intracyclical variance was due to 

frame production with a lack of independence movements of other articulators during the 
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transition from the consonant to the vowel. The central tongue position for the vowel 

with labial consonant was simply its rest position with no accompanying active setting of 

the tongue. In particular, labial-central co-occurrence was a strong evidence for a 

fundamental role of the basic mandibular cycle alone without other articulator 

involvement (Davis & MacNeilage, 1995). Labials would be more likely to produce with 

a variety of different vowels because the tongue is not required for the adjacent consonant 

than in situations when the tongue is engaged in contact for coronal or dorsal consonants. 

In fact, the labial-central effect was stronger in babbling (Davis & MacNeilage, 1995) 

relative to the onset of word use (Davis, et al., 1995; 2002). This finding indicates that the 

early vocalization (i.e., babbling) is more strongly constrained by frame dominance than 

in first words (due to a lack of tongue movement control).  

Consonant assimilation occurred during the first words through three years of age 

in these 10 children. This period is beyond the earlier period when mandible constraint 

dominance was reported to be maximal. Therefore the present outcome of weak labial-

central co-occurrence compared to stronger coronal-front and dorsal-back co-occurrence 

may indicate that independent tongue movement emerges in labial contexts even though 

movement constraints based on tongue inertia are still in play in coronal and dorsals 

contexts in word forms where assimilation is implemented by children for producing 

output.  

There is the possibility that language input contributes to the observed vowel 

effects as well. MacNeilage, et al. (2000) reported that labial-central co-occurrence was 

below chance level in the dictionary count of English while coronal-front and dorsal-back 

co-occurrence occurred at above chance levels. The patterns in language contrasted to 

those of babbling and early words where all three patterns occurred at above chance 

level. Accordingly, the weaker labial-central co-occurrence relative to lingual co-
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occurrence patterns observed overall in assimilated forms of these children may reflect 

the ambient language input as well.  

Interestingly, the strong labial-central vowel co-occurrence as well as coronal-

front and dorsal-back were observed for CVCV relative to CVC assimilated forms. 

Observed-to-expected ratios were 1.34 for coronal-front, 1.51 for labial-central and 2.38 

for dorsal-back for CVCV forms (Table 6). For CVC word forms, on the other hand, only 

the dorsal-back pattern occurred at above chance levels with smaller effect size (1.07) 

(Table 5). No other patterns occurred at above chance levels. Because labial assimilation 

for CVCV targets showed the strong central vowel effects, it is hard to say that this form 

reflects language input in this word shape. Results suggest movement based motivation 

more likely accounts for the vowel context effects.  

Labial-central co-occurrence, a landmark of frame-dominance (i.e. mandible 

cycle alone without tongue involvement), was even stronger (1.51) than labials with front 

or back vowels in CVCV: labial-front (.59) or labial-back (.34). This trend was opposite 

in CVC forms. Labial-central pattern showed the least effect (.59) relative to labial-front 

(1.20) or labial-back pairs (1.49) in CVC words. The observed patterns indicate that the 

bio-mechanically motivated intrasyllabic constraints are stronger in CVCV than CVC 

word forms of these children.  

In languages, the intrasyllabic co-occurrence was observed in CV but not in VC in 

CVC forms (MacNeilage, et al., 2000) possibly resulting from a syllable boundary 

between the intervening vowel and the final consonant. On the other hand, children 

showed the co-occurrences predicted in VC as well as CV (Davis, et al., 2002). The child 

patterns indicate that children have not yet overcome the lack of independence movement 

control in CVC targets that is apparent in languages. The observed outcome in the present 

study revealed both CV and VC co-occurrences was apparent in CVCV assimilation 
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patterns of these children. In contrast, independent tongue movement emerges in CVC in 

contrast to CVCV.  

This finding can be an evidence for a movement-based motivation for the patterns 

in children‟s assimilated forms. It may imply different mechanisms of movement 

underlying CVC and CVCV production are involved (see further discussion for word 

shape differences in the Word Complexity Effect section). Differences between 

monosyllabic and disyllable words were also reported in vowel production in early 

speech (Davis & MacNeilage, 1990). Vowels in monosyllabic words showed a varied 

inventory relative to disyllabic words. Redford, MacNeilage, & Davis (1997) reported 

that the final consonant in CVC form may be relatively free from to the preceding 

intracyclical CV syllable. Consequently, the intrasyllabic association may relatively not 

strong for VC for CVC. The strong vowel context effects for CVCV relative to CVC 

word shapes would be unable to be explained from the perspective of representation 

based theories. 

Movement based explanations for the vowel effects in assimilation contrast to 

most studies in developmental phonology. Firstly, phonological approaches have 

attempted to explain consonant assimilation at a feature or constraint in isolation from the 

contiguous vowel context (See Appendix 1 contrasting the major theoretical approaches 

as they address the major predictions in this study). In phonological analyses, 

descriptions are focused on the interactions between consonants in an assimilated form. 

For example, in the strength hierarchy proposal (e.g. Menn, 1975) the „less strong‟ 

coronal consonants are predicted to assimilate to the „stronger‟ dorsal consonants. In 

Underspecification theory (e.g. Stoel-Gammon & Stemberger, 1994), dorsal and labial 

assimilations targeting coronals are predicted to occur by spreading specified features 

such to the unspecified coronal consonants. In most cases, the intervening vowels were 
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not considered. Few predictions from phonological theory related to vowel context are 

available from present phonological proposals.  

Some studies (Levelt, 1994; Fikkert, & Levelt, 2006) of early acquisition 

analyzing patterns from a phonological perspective have also suggested considering the 

role of vowels in consonant assimilation. Employing the Underspecification concept (e.g. 

Clements & Hume, 1993; Lahiri & Evers, 1991) in non-linear phonology, Levelt (1994) 

viewed consonants and their adjacent vowel as interacting with each other in terms of 

place of articulation features. There are several problems with this analysis. First, 

distinctive features and „Underspecification‟ which Levelt assumed in her framework do 

not adequately account for the level of the actual movements the infant makes to produce 

the forms. This perspective is inadequate to account for the observed patterns of labial-

central co-occurrence in CVCV assimilated forms in the present study. In Levelt‟s 

framework and other phonological theories (e.g. Clements & Hume, 1993; Lahri & 

Evers, 1991), labial consonants share the same place feature [Labial] with round vowels. 

Because round vowels are categorized as back vowels in English phonology, Levelt‟s 

framework would predict labial - back vowel pairs. Levelt‟s proposal may be partly 

consistent with the current finding representing frequent labial-back co-occurrence in 

CVC word forms. However, if this is the case, it would be hard to explain why labial-

front patterns in CVC assimilated forms are also frequently observed. In addition, labial-

central co-occurrence was apparent while labial-back co-occurrence was very rare in 

CVCV forms. This outcome contradicts Levelt‟s claim. More importantly, the different 

vowel effects between CVC and CVCV forms is not explained under her framework and 

other phonological theories. Fikkert & Levelt (2006) analyzed word initial CVC sequence 

in both CVC and CVCV forms. According to the observed patterns in these English-

learning children, vowel effects were strongly observed in CVCV not CVC forms. The 
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rationale for their vowel effects proposed by Fikkert & Levelt would not be able to 

account for difference between CVCV and CVC word forms found in this data. There is 

no adequate explanation for why the whole word specification was present in CVCV 

forms but not in CVC forms in these children. In contrast, the present study suggests that 

the vowel context effects observed is representing a frame dominance constraint with a 

lack of independent movement control accounting for CVCV rather than CVC 

assimilated forms. 

In sum, the present results show that assimilated forms in these children 

demonstrate stronger vowel context effects for lingual consonants than labials; stronger 

vowel context effects for CVCV than CVC word forms. The implication of this outcome 

is that a lack of intrasyllabic independent movement accounts for patterns observable in 

early assimilated word forms. The strong vowel effects in CVCV provide an important 

evidence for the claim that biomechanical characteristics of the child‟s available 

movement system play a significant role in characterizing speech patterns in assimilated 

forms at least until 36 months of age. 

 

6.1.3. Word Level Effects 

Prediction: Assimilation patterns will be different relative to word complexity (i.e. 

CVC and CVCV) 

 

The present study also emphasized considering assimilation at a word level as 

well as segmental or syllable level. These results confirm the prediction that assimilation 

patterns will be different between CVC and CVCV word shapes. Word shape effect was 

observed regarding general patterns related to place characteristics, direction of 

assimilation, and the vowel context. Analysis of assimilation for CVC word shapes 
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revealed coronal and labial assimilation occurred more frequently than dorsal 

assimilation (Figure 3). Regressive assimilation occurred more frequently than 

progressive assimilation (Figure 4). On the other hand, CVCV forms did not show 

significant biases among place assimilation types and directions of assimilation. These 

trends contrast to the vowel context effects that revealed strong for CVCV but not for 

CVC word shapes (Tables 5 and 6). Details of vowel context effects are discussed in the 

Intervening Vowel Effects section. The observed outcomes indicate that the intervening 

vowel context is an important source for accounting for assimilation for CVCV word 

forms. For CVC forms, the degree of motoric ease between consonants within targets is 

more important.  

Firstly, these results can be interpreted as indicating different movement patterns 

underlying CVC and CVCV word shapes. From the F/C view CVC forms are considered 

as one and a half of a mandible cycle whereas CVCV forms demonstrate two cycles of 

mandibular oscillation. The assimilation patterns observed here also revealed that these 

children tended to repeat the same frames required for CVCV targets with little active 

tongue movement. In contrast, CVC word forms, terminated by a demi cycle, seemed to 

be derived from different action requirements than simply repeating two frames in CVCV 

forms. The motorically more available forms (e.g. labials or coronals) within targets were 

repeated in CVC forms. The vowel context effect was not strongly observed. The final 

consonant (i.e. coda) in CVC may be relatively independent from the preceding mandible 

cycle (i.e. CV) indicating more active tongue movement is involved than for CVCV 

(Redford, MacNeilage, & Davis, 1997). In fact, these children revealed that consonant 

closure is a significant production system problem that is not solved early. The most 

frequent speech error of these children was final consonant deletion (Appendix 2) as 

reported in other children (e.g. Hock, 1986). Because the final consonant for CVC target 
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forms seems to require more effort either motorically and/or in cognitive processing, it is 

possible that children use motorically more available consonants within targets for 

reducing production complexity required for targets if they do not delete the final 

consonant.  

Perceptual influences may provide an explanatory account for the word level 

difference. Albin & Echols (1996) reported perceptual salience for final position within 

words in infants even though perceptual salience for initial over final consonants in 

language and early speech has widely reported in general (Miller & Nicely, 1955; Wang 

& Bilger, 1973; Redford & Diehl, 1999). The second consonant (C2) in CVC is an 

absolute word final while C2 in CVCV is a word medial position. If children tend to be 

more attentive to the word final than non-final position and the final consonant for CVC 

is more salient for children, regressive assimilation may be more available than 

progressive assimilation. Patterns of assimilation produced by these children revealed 

that regressive than progressive direction was dominant for CVC assimilated forms while 

no dominance (but a slightly higher progressive trend) was observed for CVCV. This 

finding is consistent with a perceptual argument.  

Assimilation patterns observed for C1 and C2 word positions between word 

shapes revealed that labial than coronal and coronal than dorsal frequently motivated 

assimilation in C1 and C2 of both word shapes (Table 7). The ratios for labial, coronal, 

and dorsals in CVC_C2 positions were higher than the ratios in CVC_C1 position. The 

ratios for coronal in CVCV_C1 were higher than the ratios in CVCV_C2 position while 

the ratios of labial and dorsal were similar between the two word positions. The present 

results suggest that word complexity plays a role in predicting assimilation patterns. The 

word level effects are based on different mechanisms of movement underlying word 

shapes. CVCV assimilated forms may be mainly motivated by repeating motor frames 
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while CVC assimilated forms may be a result of interactions between preference for 

motoric ease (i.e. labial > coronal > dorsal) and perceptual influences.  

 

6.1.4. Developmental Patterns 

Prediction: The influence of movement capacity constraints in the production 

system of children on assimilation patterns will decrease over time. 

 

The present study predicted that the influence of movement capacities in the 

production system of children on assimilation patterns will decrease with development. 

The prediction was confirmed in several aspects. Age ranges for the time points analyzed 

were 12 to 18 (Time 1), 19-24 (Time 2), 25-30 (Time 3), and 31-36 months of ages (Time 

4). First, place assimilation occurred most frequently at Time 2 (i.e.  19 to 24 months of 

age) and the frequency decreased at Times 3 and 4 (Figure 6). The developmental trend 

indicates these 10 children used assimilation to reduce complexity of word targets in their 

output most frequently at 19 to 24 months. Assimilation gradually decreased over time 

through 36 months of age.  

At the beginning of word use, infants have shown regression to easier production 

from previous early vocalization (Davis, et al., 1995; 2002) because they face challenges 

in overcoming their production system‟s limitation required for matching target 

complexity as functional load for mental lexicon processing increases. Davis et al. (2002) 

reported increased labial over coronal frequency of occurrence and LC over CL patterns 

for consonant variegation in early words as the examples indicating preference for easier 

production strategies in infants at the onset of word use. From the first words through two 

years ages, these children showed the most preference for simplifying output (a 

regression to easier production). As a result, place assimilation was most frequently 
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observed. After the early period, place assimilation decreased implying that they are 

increasing their ability to coordinate articulators for diverse movements for producing 

different segments to match salient word forms. Thus consonant variegation for target 

forms emerges and assimilation decreases across time in the study. 

Second, intervening vowel context effects over time suggest another source of 

clear evidence that movement constraints decrease over time. Articulatory compatibility 

between consonants and their intervening vowels in assimilated forms was observed at 

Times 1 and 2 but not at Times 3 and 4 overall (Table 8). The strong intervening vowel 

effects persisted longer for CVCV than CVC forms in these periods. The CV co-

occurrences persisted longer for CVCV‟s indicating that CVCV forms are resulted from 

repeating mandible oscillation thus less require independent articulatory movement 

during sequence produced. On the other hand, CVC forms which are terminated with 

demi-cycle free from the intrasyllabic movement constraints were not constrained as long 

as CVCV‟s. The developmental pattern of vowel effect provides strong support 

movement based motivation for speech acquisition by illustrating that acquisition of 

serial complexity follows a path overcoming the movement constraints. 

Finally, the proportions of labial and coronal assimilation increased over time 

while dorsal assimilation decreased. Labial and coronal assimilation were predicted as 

being dominant at earlier periods. Dorsal assimilation was predicted to emerge later in 

development. Contrary to the prediction, dorsal assimilation occurred in the beginning of 

first word use and rarely (in a gradual decreasing trend) through 36 months of age. 

Coronals and labials frequently motivate assimilation for the entire time period studied. 

These outcomes indicate that children increased consonant variegation for targets as they 

acquired movement control but still favor “old” forms available to the movement system 

since babbling. However, there is a possibility that language input also influences these 
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patterns. Frequent labial and coronal assimilation may reflect the frequency of occurrence 

in English of labials and coronals relative to dorsals in input.  

 

6. 2. MANNER ASSIMILATION 

6.2.1. General Patterns  

Prediction: stops and nasals will motivate assimilation more frequently than 

fricatives. 

 

Stop>Nasal>Fricatives  

General patterns of manner assimilation revealed a striking bias for stop 

assimilation over any other manner assimilation. According to the raw frequencies of 

occurrence, stop assimilation (648) was most frequent while there was far less fricative 

(42) and nasal assimilation (39) (Table 9). The relative frequencies presented by ratios of 

raw frequencies relative to target frequencies showed stops (.91) and nasals (.79) have a 

high potential for motivating assimilation (Table 10). This result confirmed the study 

prediction. This trend was consistently observed regardless of the sequential order of 

consonants within words (Figure 10). Of interactions between two consonant manners, 

stops and nasals always more frequently motivated assimilation in word forms relative to 

fricative and “Other” manners. Oral stops and nasals have been considered more 

available for young children relative to fricatives based on previous reports about 

consonant manner phonetic inventories in babbling and early words (Stoel-Gammon & 

Stemberger, 1994; Davis, et al. 2002). Accordingly, the observed patterns supporting the 

prediction of movement based motivation includes manner assimilation as well as place 

assimilation.   
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However, stop assimilation dominance over nasal assimilation was not 

significant. Due to the small corpus of data, the statistical comparison between two 

sequential orders of stop-nasal (SN) versus nasal-stop (NS) was not available. However, 

stop assimilation (16) for SN (21) and nasal assimilation (13) for NS (16) was more 

frequent relative to the size of the dataset for these sequences indicating that progressive 

assimilation occurred for both. This pattern may result from a production system patterns 

whereby the velum stays the same position either being raised or lowered from the 

beginning and throughout an entire word. Matyear, MacNeilage, & Davis (1998) have 

reported nasalization attributing to vowels in nasal environments as an evidence of frame 

dominance in babbling. 

The observed outcomes do not fit previous phonologically oriented proposals 

from Underspecification Theory. In fact, there are few studies reported of manner 

assimilation except Stoel-Gammon & Stemberger (1994). In Underspecification Theory, 

Stoel-Gammon & Stemberger (1994) reported more children showed nasal and fricative 

harmony targeting stops than the reverse (e.g. [nɛn] for „neck‟ and [sɪs] for „sit‟). Their 

claims are based on the feature specification concept described in the place assimilation 

section above. Nasals and fricatives being „specified‟ for manner of articulation more 

likely motivate assimilation than stops being „unspecified‟ in terms of phonological 

features. Underspecification theory cannot explain the observed patterns in this data 

showing striking dominance of stop assimilation over other manners. In addition, the 

explanation for why nasals shows high potential for motivating assimilation while 

fricatives have the lowest propensity is not evident.  

Lee (2005) reanalyzed the data of Smith (1973) and reported similar findings of 

manner assimilation to those in this study. When she analyzed the frequency of 

occurrence of assimilation in Amahl‟s production, stop assimilation relative to nasal or 
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fricative assimilation was dominant at all positions within words. Other than Lee (2005), 

there is no other known analysis of manner assimilation contrasting phonetic and 

phonological perspectives.  

It should be mentioned that a significant directional asymmetry was observed for 

manner assimilation in these children whereas place assimilation did not show directional 

asymmetry. However, a lexical effect considered to be the reason for the large asymmetry 

observed. Of 773 manner assimilations, 683 forms are stop assimilation. Of 683 stop 

assimilation forms, 461 forms were from one lexical item „that‟. The word /det/ for „that‟ 

counted as stop regressive assimilation. Once the lexical item is excluded, directional 

asymmetry is not significant for place versus manner. 

In short, the observed general manner patterns demonstrate that manner 

assimilation is primarily accounted for by movement based motivation as observed for 

place assimilation. Because stops are produced by releasing complete closure of 

articulators, stops are more available manner of articulation than others. 

 

6.2.2. Word Level Effects 

Prediction: Assimilation patterns will be different relative to word complexity (i.e. 

CVC and CVCV) 

 

There was not a noticeable difference between word shapes relative to manner 

characteristics in terms of frequency of occurrence. A clear bias toward stop assimilation 

for both was observed for both word shapes. On the other hand, progressive assimilation 

for CVCV and regressive assimilation for CVC was frequently observed for manner 

assimilation (Figure 11). However, if the lexical item „that‟ is excluded, directional 

asymmetry in CVC word shapes was not significant. For CVCV target forms, 141 out 
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154 stop assimilations were based on a „flap‟ consonant at C2 becoming a stop consonant 

(e.g. [dʌdi] for „dirty’). It was a frequently occurring assimilation pattern across different 

lexical items in these children. Therefore, CVCV word shapes produced by these children 

repeated the consonant manner of the C1 consonant. Similar to place assimilation, 

manner assimilation patterns for CVCV forms indicate that repeated mandibular cycles 

with lack of independent articulator involvement. 

Word position effects were observed for manner assimilation. Stop, nasal, and 

fricative consonants were frequent at CVCV_C1 relative to CVCV_C2 (Figure 12). Stop 

and fricative assimilation frequently occurred at CVC_C2 than CVC_C1. These manner 

patterns suggest that 1) consonant manners at the initial position of CVCV more likely 

motivated assimilation than initial position of CVC; 2) Consonant manners at the 

absolute final position (i.e. CVC_C2) more likely motivated assimilation relative to the 

medial position (i.e. CVCV_C2). The word positional differences affirmed word level 

effects on manner assimilation. The result highlights difference between an absolute word 

final (CVC_C2) and a word medial (CVCV_C2) position.  

The finding supports the movement-based argument that children repeated 

consonant manner at the initial position of CVCV word forms during mandibular close-

open cycles repeated. In addition, this finding also supports claim for the final position 

importance. This is consistent with the proposal of a perceptual effect whereby word final 

position was salient for infants (Albin & Echols, 1996). Children are possibly more 

attentive to the final consonant in CVC relative to the medial consonant in CVCV.  

It should be noted that nasals frequently motivated assimilation at word initial in 

both word shapes. This finding may result from different articulatory movements 

involved in nasals relative to stops from a movement perspective. Velum placement 
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occurs at the beginning of the word and is maintained throughout accounts for the 

outcome. 

Consequently, word shape seemed to play a role for manner assimilation in these 

children. A production system motivation seems the most likely candidate for a primary 

cause of these assimilation patterns. The characteristic distinctions between word shapes 

revealed repeating mandible cycles for CVCV and potential for production and 

perceptual influences for CVC assimilated forms. Another articulator, the velum, was 

involved in nasal assimilation patterns.  

 

 

 

6.2.3. Developmental Patterns 

Prediction: The influence of movement capacities in the production system of 

children on assimilation patterns will decrease over time. 

 

In contrast to place assimilation which decreased over time, the frequency of 

occurrence of manner assimilation gradually increased (Figure 13). A variety of manner 

types motivating assimilation were observed at Time 1. Afterward, stop assimilation 

dominance strengthened over time. This trend demonstrates that children maintained a 

preference for motorically easy forms for motivating manner assimilation as was 

observed for place assimilation. Manner variegation may be difficult to produce for 

children relative to place variegation because fine movement control such as a degree of 

oral constriction is required for mastering various manner types other than stops.  
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6.3. GENERAL DISCUSSION 

The goal of the present study was to evaluate a movement based perspective on 

reduction of complexity through assimilation in word forms of young children between 

12 and 36 months. All four predictions based on Frame/Content hypothesis were 

confirmed regarding characteristics of segments, syllable level, word level, and changes 

over time in these children. These findings can contribute to the knowledge that early 

consonant assimilation patterns can be accounted for by the basic movement capacities 

available to the peripheral production system. Characteristic properties for speech 

patterns resulting from production system capacities of children in this age range are 

suggested: 1) preference for motorically available forms in production output relative to 

word forms attempted; 2) suprasegmental level effects based on mandibular frame cycles 

rather than segmental properties for early word output patterns, and 3) perceptual 

influences. 

 

Preference for Motorically Available Forms  

Preference toward available forms for children‟s production system accounts for 

assimilation in early word based output patterning. Labial and coronal place of 

articulation motivates assimilation more frequently than dorsal; stop and nasal manner of 

articulation more frequently motivates assimilation than fricatives. The preference for 

motorically easy forms was consistently observed regardless of position-in-words or 

interactions between consonants in sequences. Significant directional asymmetry was not 

observed in general patterns. The motoric property can be suggested for a major 

motivation for early assimilation patterns. This result can provide support for the 

proposal that movement capacities motivate children‟s early speech forms. The motor 

based preference for assimilated forms maintained and even increased over the period of 
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the study from 12 -36 months. This finding indicates children favor motorically available 

forms in their production system even after they begin to acquire more sophisticated 

movement control for sequenced output relative to word targets. 

 

Suprasegmental Effects 

Vowel context effects observed in assimilated forms of these children can provide 

a strong support for the Frame/Content claim that movement based motivation regarding 

lack of intrasyllabic independence accounts for most observable output patterns in early 

speech acquisition. Place of consonants and the intervening vowels showed articulatory 

compatibility for lingual consonant contexts. This finding indicates that early assimilation 

patterns are constrained by limited capacities for controlling speech movements in the 

sequential context of word forms attempted in this period, in particular, the lack of tongue 

movement control within syllables.  

The vowel context effect is more apparent in CVCV word shapes where the child 

repeats motor frames than CVC word shapes where the child produces one motor cycle 

and a free final consonant. These patterns indicate that CVCV assimilated forms are 

motivated by motorically available forms and influence of vowel context as well. For 

example, dorsals less frequently motivated assimilation than labials or coronals but 

revealed stronger vowel context effects compared to labial-central and coronal-front 

vowels once they are used in assimilated context.  

In contrast, regressive assimilation was more frequent than progressive 

assimilation both for place and manner in CVC assimilated forms. This pattern in CVC 

forms contrasts with the more frequent progressive assimilation in CVCV forms. These 

word level differences strongly support the claim of different movements underlying the 

word shapes, especially in terms of the status of the second consonant within words (C2). 
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The suprasegmental level effects including vowel context effects as well as word level 

effects are difficult to be explained based on predictions of phonological theories. 

 

Perceptual Influences 

Perceptual influences play a role once children begin to acquire independent 

movement control. While intrasyllabic constraints account for CVCV forms, CVC 

assimilated forms seems to be accounted for by perceptual influences as well as motoric 

available preference. Regressive assimilation dominance for CVC may result from the 

fact that the word final is perceptually salient for children. In addition, consonants at an 

absolute final position in words (i.e. CVC_C2) frequently motivated assimilation relative 

to consonants at a medial position (i.e. CVCV_C2). These patterns were strongly 

observed for manner assimilation. Results indicate that perceptual influence can play a 

role for accounting for CVC assimilation forms. These findings suggest that perceptual 

influence may be important for early speech patterning. 

 

Place and Manner Interactions 

Regarding movement capacities of these children to produce assimilated forms, 

four scenarios considering place and manner interactions can be suggested: Scenario 1. 

Children repeat mandible cycles without any other articulators involved (i.e. tongue is in 

neural). Labial stop assimilation is mostly predicted. Release from complete closure of 

the oral tract for producing stops is more available movement for children during 

mandible close-open oscillation rather than adjusting varied degree of closure for 

fricatives. Because of the movement simplicity, it can be predicted that stops are mostly 

favored for children‟s production. The same reasoning can be applied for the observed 
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pattern that more than 90% of manner assimilation was stop assimilation relative to other 

manners. Fricatives were rarely produced in these children; Scenario 2. When tongue 

movement is added to the mandible cycles, coronal (or less frequently dorsal) stop 

assimilation occurs with front (or back with dorsals) vowels. These two scenarios may 

result in either progressive or regressive depending on the hierarchy between two 

consonants within target words. Motorically available movements more likely will be 

repeated. Stop consonants at final position in CVC targets may also be a candidate for 

motivating assimilation; Scenario 3. If the velum is involved in mandible cycles, labial 

nasal assimilation is predicted; Scenario 4. If both velum and the tongue are in play with 

mandible cycle, coronal nasal assimilation is more likely predicted. Scenarios 3 and 4 

may result in progressive assimilation because the velum lowers for an entire word from 

the beginning. 

Place assimilation decreased over time while manner assimilation did not. This 

result may imply that place variegation emerges earlier than manner variegation. Place 

assimilation decreased (in other words, place variegation emerges) in these children at 

later time periods of observation as children increased active tongue movement relative to 

mandible frames. In contrast, manner variegation may be more difficult to acquire for 

children because finer phoneme based movement patterns are required for mastering 

various manner types other than stops. 

In summary, results indicate that patterns of consonant assimilation in these 

children are strongly motivated by behaviors already available within their production 

system capacities from the pre-linguistic babbling period, rather than being driven by 

patterns found in the targets they are attempting. Phonological proposals, including the 

Strength hierarchy (Menn, 1974), Fronting principles (Ingram, 1974), and 

Underspecification theories (Stemberger & Stoel-Gammon, 1994) do not adequately 
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explain observed assimilation patterns. Assimilation forms of these children can be 

accounted for by movement based motivations mainly. Perceptual influences from 

ambient language input may influence assimilation as well. The present study supports 

the assertion that early speech patterns reflect use of available production system 

capacities during acquisition.  

 

Future Research 

The present study investigated only assimilated forms out of the wide diversity of 

speech forms produced by young children in this period of development. For a more 

comprehensive understanding of the nature of speech acquisition across this period, a 

broader set of patterns related to ways in which children reduce complexity of word 

targets in their output should be considered. 

Addressing several auxiliary issues would also enable a more comprehensive 

understanding of emergence of serial complexity in speech patterning in this seminal 

period of development. Lexical patterns related to frequency of occurrence of individual 

lexical items and to lexical neighborhood considerations would enable an expansion of 

understanding of assimilation patterns to incorporate lexical growth in this period when 

children are exhibiting dramatic expansion in vocabulary types. Considerations of the 

interface of assimilation patterns with word and utterance level complexity relative to 

syntactic and morphosyntactic expansion across this period would be of interest to 

understanding resolution of assimilation more comprehensively.  

This analysis was founded on group trends. While group trends enable a look at 

overall movement capacities, an analysis of individual differences might reveal diverse 

patterns of resolution not illuminated by consideration of group values relative to 
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cognitive hypotheses about the course of development that emphasize individual 

trajectories base on mental strategies (e.g. Vihman, et al., 1986).  

The role of input from the ambient language could be explored more fully in a 

variety of ways. As an example, the nature of children‟s incorporation of phonotactic 

probabilities and syllable frequencies of English relative to assimilation would potentially 

reveal a role of input in a more finely grained manner than that afforded by the present 

analysis. Stress patterns within ambient language as well as cross-linguistic analyses 

could be another way of understanding the role of input. Stressed syllables might show 

differing patterns of assimilation than unstressed forms. The timing and nature of 

children‟s learning of regularities in their ambient language, dependent on perceptual 

learning was not fully explored in this analysis of their word forms. Data from other 

languages should also be included in analysis. Analysis of cross-linguistic data would 

also reveal potential influences of ambient language characteristics underlying output 

variations as well as central tendencies in early speech movement patterns across 

languages. 

An analysis of word target characteristics as well as an analysis of the 

characteristics of their ambient language in general would give a clearer picture of how 

they are moving toward perception based learning of ambient language regularities as 

they resolve assimilation patterns in their speech output across this period. Target based 

accuracy analysis was not available in this study which focused on central tendencies in a 

large corpora. By tracking target accuracy acquired over time for individual word types in 

individual children or in a group of children, unique and general paths toward accuracy 

acquisition would be better understood. In addition, proposals emphasizing 

individualized cognitive strategies (Vihman, 1996) over movement based proposals could 

be evaluated more explicitly. 
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CONCLUSION  

Early speech patterns related to consonant assimilation can be comprehensively 

accounted for as they are considered in the context of actual performance. Complexity in 

target word attempts emerges in the process of achieving ambient language specific 

capacities for movement control in young children. From basic motor frames toward 

individual movement of articulators within frames is one principle mechanism underlying 

speech development evident from analysis of assimilations and the timing and types of 

resolutions typically developing children achieve as they gain control over the 

complexity required to achieve word target accuracy. Functional phonetic approaches 

that include understanding of production system and perceptual influence should be 

considered as playing a seminal role in understanding emergence of ambient language 

speech complexity between the onset of word use and 36 months of age when many 

young children have acquired speech that is intelligible to most listeners. 
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Appendices 

Appendix 1. Summary of predictions of this study in comparison with phonological 
proposals 

  Phonetic view Phonological views 

  

Frame/Content 

Theory 

 
MacNeilage & Davis 

(1990) 

 Generative 

phonology 

 
Smith 

(1973) 

Cognitive 

model 

 
Menn 

(1974) 

 

Non-linear 

phonology 

 

Stoel-

Gammon & 
Stemberger 

(1994) 

Optimality 

Theory 

 

Pater (1997) 

 Motivation 
Production system 

capability 
Phonological 

rules 
Strength 

Hierarchy 
Feature 

specification 
Constraint 

interactions 

P
re

d
ic

ti
o
n
 1

 

G
en

er
al

 

P
at

te
rn

s 

Predicted 

assimilation 

hierarchy 

D < C < L* 

F < N ≤ S 
C < L < D C < L < D 

C < L = D 

S < F = N 
C < L < D 

Direction bidirectional regressive regressive bidirectional bidirectional 

P
re

d
ic

ti
o
n
 2

 

V
o
w

el
 C

o
n
te

x
t 

 

E
ff

ec
t 

Front vowel 
Coronal assimilation 

Ex. [did] for ‘dig’ 
No 

prediction 
available 

(N/A) 

N/A 

**N/A  

N/A Central 
vowel 

Labial assimilation 
Ex. [bʌb] for ‘bug’ 

N/A 

Back vowel 
Dorsal assimilation 

Ex. [gʊk] for ‘book’ 
**N/A 

P
re

d
ic

ti
o
n
 3

 

 W
o
rd

 L
ev

el
 

E
ff

ec
ts

 

Word 

shapes 

Different patterns 
between CVCV and 

CVC*** 

Ex. dog vs. doggy  N/A N/A N/A N/A 

Word 

positions 

Difference between 

CVC_C2 and 

CVCV_C2 

P
re

d
ic

ti
o
n
 4

 

D
ev

el
o
p
m

en
ta

l 
P

at
te

rn
s 

Assimilation 

Labial and coronal 

assimilation  

(Ex. bug [bʌb]) 

↓ 
Dorsal assimilation   

(Ex. book [gʊk]) 

emerges later 

N/A N/A N/A 

Dorsal and 
labial 

assimilation 

↓ 

Dorsal 
assimilation 

↓ 

No 
assimilation 

Vowel 
Effects 

Decrease over time N/A 

  
* C: coronals, L: labials, D: dorsals, S: stops, N: nasals, F: fricatives 

**However, coronal assimilation with front vowels (e.g. [did] for ‘dig’) and labial & dorsal assimilation 

with back vowels (e.g. [bʊ b] or [gʊ k] for „book‟) can be predicted in Levelt‟s (1994).  

*** CVC: consonant-vowel-consonant word forms; CVCV: consonant-vowel-consonant-vowel word forms 
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Appendix 2. Data analyzed for 10 children 

CVC CVCV Overall Frequency % CVC CVCV Overall % Frequency % Frequency %

Child 1 B M 16; 18 – 32; 10 30 560 68 628 204 32% 9 13 22 4% 345 55% 51 8%

Child 2 C F 10; 8 - 35; 24 41 2788 563 3351 2487 74% 155 78 233 7% 516 15% 65 2%

Child 3 Ch F 15; 15 – 35; 22 39 2015 68 2083 1311 63% 170 25 195 9% 540 26% 30 1%

Child 4 G F 10; 27 – 35; 5 43 3061 14 3075 2230 73% 132 42 174 6% 587 19% 81 3%

Child 5 H F 12; 1 – 28; 24 28 1021 2 1023 430 42% 56 9 65 6% 489 48% 38 4%

Child 6 K F 14; 11 - 31; 23 27 568 62 630 320 51% 13 14 27 4% 229 36% 48 8%

Child 7 Na M 14; 11 – 35; 22 37 3030 516 3546 2508 71% 268 43 311 9% 614 17% 102 3%

Child 8 Ni M 13; 19 – 36; 2 33 862 550 1412 816 58% 40 31 71 5% 360 25% 136 10%

Child 9 Ra F 11; 23 – 36; 9 42 1980 577 2557 1582 62% 56 96 152 6% 397 16% 406 16%

Child 10 Ro M 15; 11 - 34; 19 33 1890 327 2217 1248 56% 159 58 217 10% 486 22% 252 11%

Total 10 353 17775 2747 20522 13136 64% 1058 409 1467 7% 4563 22% 1209 6%

Average 13; 23 - 34; 0 35.3 1777.5 274.7 2052.2 1313.6 105.8 40.9 146.7 456.3 120.9

STD 5.9 983.4 254.8 1093.8 879.8 84.1 29.0 97.1 120.8 119.8

* Other category includes weak syllable deletion, vowel addition, and gliding.

Final consonant deletion Others*AccuracyProduction Consonant Assimilation
Child Initial Gender

Sessions 

(Hours)

C.A. (Months) 

across the study
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Appendix 3. Frequency of occurrence of place assimilation for 10 children 

CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ

LL Prog 143 49 192 2 8 10 145 57 202

Reg 36 27 63 1 5 6 37 32 69

*NonAssim 5 0 5 1 0 1 6 0 6

CC Prog 7 3 10 35 46 81 42 49 91

Reg 43 5 48 234 44 278 277 49 326

NonAssim 1 1 2 0 0 1 1 2

DD Prog 0 2 2 6 27 33 6 29 35

Reg 0 0 25 39 64 25 39 64

NonAssim 0 2 2 0 0 0 2 2

Sum 186 56 242 3 9 12 43 30 73 65 85 150 1 7 8 241 71 312 539 258 797 539 258 797

101

7 3 10

188 89 277

320 99 419

31

Progressive Regressive NonAssim

193 135 328 339 120 459

DL DC Assim Sum Place Sum

C
h

i
l
d

 P
r
o
d

u
c
t
i
o
n

Target Words

797 797

LC LD CL CD

70
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Appendix 4. Frequency of occurrence of place assimilation for 10 children over time 

 

LC CL Σ LD DL Σ CD DC Σ Overall

Labial assimilation 22 16 38 1 1 2 0 1 1 41

Coronal assimilation 5 3 8 0 0 0 6 5 11 19

Dorsal assimilation 2 0 2 0 1 1 8 14 22 25

Σ 29 19 48 1 2 3 14 20 34 85

Labial assimilation 47 12 59 9 0 9 2 0 2 70

Coronal assimilation 16 3 19 0 0 0 52 120 172 191

Dorsal assimilation 0 0 0 0 0 0 37 11 48 48

Σ 63 15 78 9 0 9 91 131 222 309

Labial assimilation 65 28 93 0 5 5 2 0 2 100

Coronal assimilation 17 2 19 0 0 0 15 80 95 114

Dorsal assimilation 0 0 0 0 0 0 16 3 19 19

Σ 82 30 112 0 5 5 33 83 116 233

Labial assimilation 58 7 65 0 0 0 1 0 1 66

Coronal assimilation 10 2 12 2 0 2 8 73 81 95

Dorsal assimilation 0 0 0 0 1 1 3 5 8 9

Σ 68 9 77 2 1 3 12 78 90 170

Total 242 73 315 12 8 20 150 312 462 797

Time4

Target words

Labial/Coronal Labial/Dorsal Coronal/Dorsal

Time1

Time2

Time3

C
h
il

d
 P

ro
d
u
ct

io
n
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Appendix 5. Frequency of occurrence of manner assimilation for 10 children 

CVC CVCV Σ CVCCVCV Σ CVCCVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVCCVCV Σ CVC CVCV Σ CVCCVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ CVC CVCV Σ

FF Prog 3 9 12 3 9 12
Reg 24 24 6 6 30 0 30

Non 0 0 0

SS Prog 23 11 34 4 12 16 7 131 138 34 154 188
Reg 473 4 477 3 3 8 6 14 484 10 494
Non 1 1 0 1 1

NN Prog 5 2 7 1 12 13 4 4 10 14 24

Reg 2 2 4 1 5 2 1 3 8 2 10
Non 0 2 2 1 1 2 2 0 5 5
Prog 0 0 0 0 0

OO Reg 9 9 0 9 9
Non 0 0 0

Sum 476 13 489 2 0 2 0 1 1 47 13 60 8 13 21 7 141 148 5 2 7 4 12 16 4 0 4 6 0 6 8 8 16 2 1 3 569 204 773
* Non indicates non-assimilatory harmony.

SN SO NF NS NO

Target Words

FS FN FO SF Manner Sum PreogressiveOF OS ON Assim Sum

225

33

518

18

42

683

39

165

21

NonAssim

522 21 530 0 6 6

Regressive

C
h

il
d

 P
r
o
d

u
c
ti

o
n

9

47 177

0

9

9

773
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Appendix 6. Frequency of occurrence of manner assimilation for 10 children over time 

SF FS SF&FS SN NS SN&NS SO OS SO&OS NF FN NF&FN NO ON NO&ON FO OF FO&OF

Stop Assimilaton 2 3 5 1 2 3 33 1 34 0 0 0 0 0 0 0 0 0 42

Nasal Assimilation 0 0 0 0 2 2 0 2 2 5 0 5 1 1 2 0 0 0 11

Fricative Assimilation 1 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4

Other Assimilation 0 0 0 0 0 0 9 0 9 0 0 0 0 0 0 0 0 0 9

Σ 3 6 9 1 4 5 42 3 45 5 0 5 1 1 2 0 0 0 66

Stop Assimilaton 13 93 106 5 0 5 20 8 28 0 0 0 0 0 0 1 0 1 140

Nasal Assimilation 0 0 0 4 11 15 1 0 1 2 0 2 2 0 2 0 0 0 20

Fricative Assimilation 1 9 10 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 16

Other Assimilation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Σ 14 102 116 9 11 20 21 8 29 2 0 2 2 0 2 1 6 7 176

Stop Assimilaton 14 176 190 9 1 10 28 5 33 0 0 0 0 0 0 0 0 0 233

Nasal Assimilation 2 0 2 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 4

Fricative Assimilation 22 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22

Other Assimilation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Σ 38 176 214 9 1 10 28 5 33 0 1 1 1 0 1 0 0 0 259

Stop Assimilaton 5 203 208 1 0 1 57 2 59 0 0 0 0 0 0 0 0 0 268

Nasal Assimilation 0 0 0 1 0 1 0 0 0 0 1 1 0 2 2 0 0 0 4

Fricative Assimilation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Other Assimilation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Σ 5 203 208 2 0 2 57 2 59 0 1 1 0 2 2 0 0 0 272

Total 60 487 547 21 16 37 148 18 166 7 2 9 4 3 7 1 6 7 773

C
h

il
d

 P
ro

d
u

c
ti

o
n

Stop/Fricative Stop/Nasal Stop/Others

Time1

Time2

Time3

Time4

Nasal/Fricative Others/Nasal Fricative/Others

Target Words

Overall
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