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ABSTRACT 

The current study addressed a long-standing question regarding how bilinguals 

learn and represent two languages. Well-established measures including the MacArthur-

Bates Communicative Development Inventory (MCDI), The Attention Network Test 

(ANT), and The Dimensional Change Card Sort task (DCCS) were utilized in 

combination with Individual Growth Curve (IGC) analyses for novel investigations into 

the development of bilinguals’ early productive vocabulary, especially translation 

equivalents (TEs) – two labels for the same concept in different languages – and their 

relation to cognitive control. These questions were addressed via two complementary 

studies. Study 1 examined longitudinal productive vocabulary data as collected by the 

MCDI from 98 preschool children – 38 bilingual (17 Spanish-English, 21 Vietnamese-

English), and 60 monolingual (20 English, 20 Spanish, 20 Vietnamese) – with follow-up 

assessments every six months from ages 3 to 4 years, for a total of three time points per 

child. This investigation yielded a detailed description of early vocabulary development 

in monolingual and bilingual preschool children, and allowed for the examination of the 

development of TEs in bilinguals. In addition, Study 1 investigated the development of 

TEs in various linguistic contexts – across lexical category (e.g., nouns, verbs, and 

adjectives) and across specific bilingual language groups (e.g., Spanish-English and 

Vietnamese-English). Study 2 investigated the development of cognitive control – as  

measured by the ANT and DCCS – across language groups, and explored the potential 

relevance of cognitive control for the learning of TEs.  

Results from IGC analyses revealed that preschool children’s English vocabulary, 

non-English vocabulary, and conceptual vocabulary increased across development, but 



 v 

that monolinguals and bilinguals had different growth parameters for English and 

Vietnamese vocabulary. TEs were also found to increase across development, but growth 

rates differed in Spanish-English and Vietnamese-English bilinguals. A bilingual 

advantage was found for cognitive control, and cognitive control was found to be a 

significant predictor of number of TEs. Results are discussed in relation to the language 

and cognitive development literature in general, as well as the field of bilingualism in 

particular.  
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The Development of Translation Equivalents in Bilingual Preschool Children 

The typical environment of a young child is chaotic, filled with the many sights 

and sounds of various objects, animals, and people, each of which is rarely presented in 

isolation and is often referred to in association with several words (i.e., truck, red, wheel, 

go, beep). Yet somehow, in all this chaos, the child must determine which word goes 

with which referent. In addition to this complexity and ambiguity present in the 

monolingual language environment, children raised in bilingual environments have the 

added challenge of learning two language systems, and therefore essentially twice as 

many words for the same number of referents. For example, a bilingual child may hear 

her mother refer to an object as “cat”, and then an hour later, a day later, or a week later 

hear her father refer to the very same object as “gato”. Presumably, it would be difficult 

for the child to learn that this object is both a “cat” in English and a “gato” in Spanish, 

especially given that which word is spoken may vary depending on when, where, and 

who is doing the speaking. Yet more than likely, the child will eventually learn that this 

object is both a “cat” and a “gato”. This particular type of word in a bilingual’s 

vocabulary is considered a translation equivalent (TE) – two labels for a single meaning 

in different languages. 

Research has shown that this learning of two labels for an object is difficult for 

young monolingual children as it requires them to flexibly attend to two different sets of 

information that may be in conflict with each other. Yet bilingual children often learn 

TEs (Allman, 2005; Deuchar, & Quay, 2000; Holowka, Brosseau-Lapré, Petitto, 2002; 

Pearson, Fernandez, & Oller, 1995; Peña, Bedore, & Zlatic-Guinta, 2002; Umbel, 

Pearson, Fernandez, & Oller, 1992) seemingly without sacrificing conceptual knowledge. 
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A number of more recent studies have shown that bilinguals’ conceptual vocabulary (i.e., 

the number of known concepts that have a label in one or more languages) is comparable 

to that of typically developing monolinguals (Alvarado, 2000; Bialystock, 2001; Oller & 

Pearson, 2002; Pearson, 1998; Pearson & Fernández, 1994; Pearson, Fernández, & Oller, 

1993). The question, then, is how do bilinguals learn words? How do they maintain a 

similar level of conceptual knowledge as monolinguals, while being exposed to more 

words – many of which refer to the same object and should be difficult to learn according 

to theories of monolingual word learning? Are bilinguals learning these multiple labels 

for a referent in the same way that monolinguals acquire additional words in their one 

language, or is there some more basic cognitive process that might be uniquely driving 

bilinguals’ learning of TEs? This phenomenon of TEs for a referent is important to 

examine as it potentially provides a way to understand not only bilingual language 

acquisition, but also the basic processes involved in word learning more generally.  

The purpose of the current study is to examine bilinguals’ early productive 

vocabulary, especially TEs, and to investigate basic cognitive processes that may play a 

role in the learning of TEs. This question is addressed via two studies. Study 1 involves 

the analysis of longitudinal vocabulary data from monolingual and bilingual preschool 

children with follow-up assessments every six months from ages 3 to 4 years old, for a 

total of three time points. As such, Study 1 provides a detailed description of early 

vocabulary development in monolinguals and bilinguals, and allows for the examination 

of TE growth in bilinguals and how it may be similar to or different from traditional 

vocabulary growth in monolinguals and bilinguals. Study 2 addresses one mechanism – 

cognitive control – that might be driving the development of TEs. A cognitive advantage 
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has been clearly shown for bilinguals in a number of studies (Bialystok, Barac, & Blaye, 

2010; Bialystok & Martin, 2004; Bialystok & Viswanathan, 2009; Carlson & Meltzoff, 

2008; Kovács & Mehler, 2009; Mezzacappa, 2004), and cognitive control has been 

suggested to play a role in early word learning (Yoshida, Tran, Benitez, & Kuwabara, 

2011). This potential link offers a novel prediction about the relevance of cognitive 

control in the learning of TEs. Accordingly, Study 2 compares cognitive control in 

monolingual and bilingual preschool children, and investigates the relation between 

cognitive control and the development of TEs in bilingual children. 

The Influence of Language Background on Mutual Exclusivity  

The word learning literature suggests that learning two names for an object is 

particularly difficult for young monolingual children, as evidenced by experimental 

studies of the mutual exclusivity principle (ME; Markman, 1989; Markman & Wachtel, 

1989; Merriman & Bowman, 1989; Halberda, 2006). ME is a constraint that 

monolinguals are thought to typically exhibit in early language learning. In accordance 

with this constraint, children assume that labels for objects are mutually exclusive and 

that a single object only has one name. The standard artificial word-learning task that is 

used to test ME presents a well-known object with a well-known name (e.g., a cup), and 

an unfamiliar object. Participants are then asked to select an object, using a novel label 

(e.g., “Find the dax”). Monolinguals consistently map the novel label to the novel object 

(Markman, 1989; Markman & Wachtel, 1988).  

This constraint is thought to be helpful for fast mapping (rapid noun learning) that 

occurs early in children’s development because it allows children to learn the names of 

novel objects with relatively limited exposure to the new word. In addition, this 
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constraint may later help children learn adjectives because if the object already has a 

name (e.g., a concrete noun), then according to the principles of ME, a new label is more 

likely to refer to some not yet labeled part or property of the object such as its color, size, 

or texture (e.g., an adjective), which is often the case in a monolingual environment. 

Although monolingual children do eventually learn second labels for referents (e.g., 

adjectives, synonyms, hierarchical categories), this learning of two words to one referent 

is generally more difficult than learning one-to-one mappings. As such, if ME were used 

in the same manner in a bilingual environment, then in theory it should be difficult for 

bilinguals to learn the name for a referent in more than one language. However, we know 

that bilinguals readily learn TEs (Allman, 2005; Deuchar, & Quay, 2000; Holowka et al., 

2002; Pearson et al., 1995; Peña et al., 2002; Umbel et al., 1992), which suggests that ME 

may not be utilized to the same extent in bilingual word learning. 

This notion that bilinguals do learn TEs in their natural language environment and 

may not use ME in the same manner as monolinguals is corroborated by experimental 

studies. On the standard ME task, bilinguals do not perform nearly as consistently as their 

monolingual peers; bilinguals are less likely to select the novel object in response to the 

novel name. Although one study suggests that bilinguals show ME effects as strong as 

those of monolinguals by 30 months of age (Frank & Poulin-Dubois, 2002), the majority 

of studies demonstrate that bilinguals may develop ME to a lesser extent (Au & Glusman, 

1990; Davidson, Jergovic, Imami, & Theodos, 1997; Davidson & Tell, 2005; Merriman, 

& Kutlesic, 1993) or later in life (Byers-Heinlein, & Werker, 2009; Halberda, 2003; 

Houston-Price, Caloghiris, & Raviglione, 2010) than monolinguals. This suggests that 

bilinguals may use ME, but not as early or as consistently. 
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Monolingual children ages 3-6 years have been shown to exhibit ME when the 

two labels are from within the same hierarchical category (i.e., basic level “dog” and 

basic level “cat”) and within the same language. Bilingual participants also exhibited ME 

in these situations, but to a lesser extent than monolinguals (Au & Glusman, 1990). In 

addition, when 3-6 year old children were presented with a known object that had a spare 

part added on, and a novel name, monolingual children tended to believe that the novel 

name referred to the part of the object, presumably because the whole object already had 

a known name. However, bilingual children exhibited ME to a lesser extent in this 

situation as well– they were more likely than monolinguals to indicate that the novel 

name referred to the whole object, which already had another known name (Davidson & 

Tell, 2005).  

Developmentally, monolingual infants as young as 17 months have been shown to 

exhibit ME (Halberda, 2003; Houston-Price et al., 2010), with ME becoming even more 

pronounced during the preschool and early school years (Au & Glusman, 1990; 

Merriman & Bowman, 1989). However, 17-month-old bilingual infants do not exhibit 

ME (Halberda, 2003; Houston-Price et al., 2010), and bilingual children are less likely to 

use ME than monolinguals as they get older (Davidson et al., 1997; Davidson & Tell, 

2005). Thus, it would seem that ME develops later, is used to a lesser extent, and declines 

earlier in bilinguals. Even monolingual children with no previous foreign language 

experience tended to use ME to a lesser extent than usual when they were explicitly told 

that the novel word was from a foreign language (Au & Glusman, 1990). Therefore, it 

seems that there may be something unique about bilingual word learning. 
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These findings raise the question, if bilinguals do not utilize ME to learn TEs, 

then how does early bilingual word learning occur? Given the complexity required to 

learn these TEs, does cognitive control play a role in this type of early bilingual word 

learning? And are there particular learning environments or linguistic contexts that foster 

or hinder the development of TEs and cognitive control? The current study addresses 

these questions by examining the developmental trajectory of TEs across lexical category 

(i.e., nouns, verbs, and adjectives) in two different bilingual language groups (i.e., 

Spanish-English and Vietnamese-English), and investigates what role if any cognitive 

control – as measured via two executive function (EF) tasks – plays in the development 

of TEs. 

Competition and Cognitive Control 

Although ME is a robust experimental finding among monolinguals, the 

mechanism behind this effect has not been studied extensively. One study offers an 

attention-shifting account of word learning that could provide an explanation for the 

processes at work in the phenomenon of ME (Yoshida & Hanania, 2011). Compared with 

learning nouns, children tend to acquire adjectives slowly, both in English and in non-

English languages (see Gasser & Smith, 1998, for a review). This may be due to the 

possibility that early-learned noun categories are routinely organized by shape. Although 

objects were found to be organized by multiple features, the defining feature for early-

learned nouns was shape (Samuelson & Smith, 1999). Therefore, because of children’s 

shape bias and whole-object bias, nouns are posited to be easier to learn, whereas 

adjectives are more difficult to learn because they are more abstract and organized by 

many features such as size, color, and texture that often vary across objects of different 
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categories. For example, dogs tend to be “dog-shaped” regardless of what color they are, 

how big they are, and how much fur they have; whereas the word “red” could refer to an 

apple, a fire truck, a shirt, or a bird – all of which have very different shapes and fall into 

very different categories. 

Therefore, in order to learn to map words to their correct referent, children must 

learn to attend to the essential properties of the referent, which in the case of nouns would 

often be the object shape. However, when mapping adjectives to their correct referent, 

attention to the object feature or property would facilitate learning the adjective. Because 

children have strong biases to attend to shape, in order to learn a novel adjective, they 

would have to shift their attention away from the irrelevant information (the object shape) 

and instead attend to the relevant information (the object property). Therefore, children 

who are better at shifting attention away from irrelevant information and to relevant 

information could potentially have an advantage at word learning that requires this type 

of cognitive control. 

Recent research suggests that, due to their experience with learning and using two 

languages, bilinguals have advanced cognitive control (Bialystok et al., 2010; Bialystok 

& Martin, 2004; Bialystok & Viswanathan, 2009; Carlson & Meltzoff, 2008; Kovács & 

Mehler, 2009; Mezzacappa, 2004), which in turn has been shown to play a role in early 

language learning (Yoshida et al., 2011). Cognitive control is a complex construct that 

encompasses several interrelated processes (e.g., inhibition, selective attention, 

flexibility, switching, planning, self-regulation, abstract thinking, working memory), 

which may be required differentially by a specific task (e.g., Welsh, Pennington, & 

Groisser, 1991; Zelazo, Carter, Reznick, & Frye, 1997).  
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The most robust findings for bilingual cognitive advantages have been found 

specifically with tasks that involve attentional control (see Adesope, Lavin, Thompson, 

& Ungerleider, 2010 for a review), such as The Attention Network Test (ANT; Fan et al., 

2002; Rueda et al., 2004) utilized in the current study. Similarly, Bialystok’s (2001) 

review of the research on cognitive differences between monolingual and bilingual 

children found that one primary aspect of cognitive functioning – inhibitory control over 

attentional resources (shifting attention) – develops more rapidly in children with 

extensive bilingual experience. In this view, bilingual children are advanced in their 

ability to flexibly control attention to conflicting perceptual or representational features 

(e.g., Bialystok & Martin, 2004; Carlson & Meltzoff, 2008).  

Previous research in our lab (Yoshida et al., 2011) suggests that attention predicts 

novel adjective learning, one type of competitive word learning in which there are two 

labels for one object (the first label being the already known noun, the second label being 

the novel adjective). However, attention and overall vocabulary were not related. Given 

this information, it may be that cognitive control is only critical for word learning that 

involves competition. Study 2 investigates this possibility by examining the role of 

cognitive control in another form of word learning that involves competition and learning 

two labels for one object – TEs.  

In addition, although the bilingual environment in general has been shown to 

foster cognitive control (Bialystok, Barac, & Blaye, 2010; Bialystok & Martin, 2004; 

Bialystok & Viswanathan, 2009; Carlson & Meltzoff, 2008; Kovács & Mehler, 2009; 

Mezzacappa, 2004), it is not as clear if particular types of bilingual environments might 

differentially promote this cognitive advantage. There is limited support for the 
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proposition that the specific languages of bilinguals influence cognitive function 

differently (Bialystok et al., 2003; Yang & Lust, 2006), but this notion is still a relatively 

unexplored possibility. Therefore, Study 2 not only compares cognitive control in 

monolinguals and bilinguals across development, but also between the two bilingual 

language groups: Spanish-English and Vietnamese-English. 

Bilingual Vocabulary Development 

This idea that bilinguals may be more flexible in acquiring two labels for an 

object has been a focus of continued interest in the bilingual field for years, but there 

have been differences of opinion as to how bilingual vocabulary should be measured. 

Early research in the field of bilingualism often reported language deficits in bilingual 

children, even when tested in their native language (Argulewicz & Abel, 1984; Ben Zeev, 

1977; Cobo-Lewis, Pearson, Eilers, & Umbel 2002a, 2002b; Doyle, Champagne, & 

Segalowitz, 1978; Fernandez et al., 1992; Umbel et al., 1992; Rosenblaum & Pinker, 

1983). More recently, it has become evident that bilinguals’ vocabulary is actually 

distributed between their two languages. Therefore, comparing bilinguals’ vocabulary 

knowledge in any one language with that of monolinguals may underestimate bilinguals’ 

language skills (Umbel et al., 1992).  

When vocabulary in both languages is taken into consideration, bilinguals 

demonstrate a total vocabulary size equal to or greater than monolinguals (Alvarado, 

2000; Bialystock, 2001; Oller & Pearson, 2002). However, this method does not take into 

account the TEs that have been found to exist in the vocabulary of bilingual individuals, 

and may overestimate the number of concepts that a bilingual knows. Conceptual 

vocabulary, which includes all words known exclusively in each language plus TEs 
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(concepts known in both languages), is the most comparable measurement to vocabulary 

size in monolinguals, and when used, vocabulary size in bilinguals is approximately 

equal to that of monolinguals (e.g., Oller, 2005).  

A pilot study in our lab regarding bilingual vocabulary development demonstrated 

similar findings (Woods & Yoshida, 2012). Cross-sectional data were collected using the 

MacArthur-Bates Communicative Development Inventory (MCDI; Fenson et al., 1993) 

from 90 bilingual children from a variety of language groups and 90 age-matched 

monolingual English-speaking controls. The children ranged in age from 1 to 6 years, 

with a mean age around 46 months. No significant differences in conceptual vocabulary 

between monolinguals and bilinguals were found. Separate ANCOVAs were performed 

comparing monolinguals’ language score to each of the types of bilingual vocabulary 

scores (English, non-English, composite, conceptual, TE), with age as a covariate. 

Monolinguals were significantly higher than bilinguals both in English and in non-

English, but were not significantly different in conceptual vocabulary. In addition, 

bilinguals’ composite score was significantly higher than the monolinguals’ score, 

suggesting that bilinguals may actually know more words than monolinguals when all the 

words in both languages are considered.  

These pilot data together with the previous literature suggest that one’s 

perspective of bilingual vocabulary development and whether bilinguals may be 

considered to have language deficits or advantages may depend on what is measured, 

how it is measured, and when it is measured. Study 1 aims to extend the pilot study to 

provide a detailed description of early vocabulary development in monolinguals and 

bilinguals longitudinally between the ages of 3 and 4 years. The resulting findings will 
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allow for the examination of TE growth in bilinguals and how it may be similar to or 

different from traditional vocabulary growth in monolinguals and bilinguals. 

Translation Equivalents 

Early bilingual research suggested that bilinguals’ had few TEs (Clark, 1988; 

Vihman, 1985; Volterra & Taeschner, 1978); however, more recent findings suggest that 

TEs are relatively common in bilinguals’ vocabularies (Allman, 2005; Deuchar, & Quay, 

2000; Holowka et al., 2002; Pearson et al., 1995; Peña et al., 2002; Umbel et al., 1992). 

Although the presence of TEs in bilinguals’ lexicons is now well established, the reported 

number of TEs has varied considerably, from a low of 10% to a high of 67%. (Deuchar & 

Quay, 2000; Holowka et al., 2002; Lanvers, 1999; Nicoladis, 1998; Nicoladis & Secco, 

2000; Pearson et al., 1995; Peña et al., 2002; Petitto et al. 2001; Quay, 1995; Umbel et 

al., 1992; Roberts, & LeDorze, 1997; Schelletter, 2005). See Table 1 for the specifics of 

each study. 

In addition, only a few studies have examined TEs longitudinally, and those that 

have done so report various developmental trajectories. Some suggest an increase, either 

rapid (Lanvers, 1999) or gradual (Peña et al., 2002), whereas others suggest relative 

stability (Pearson et al. 1995), and still others suggest fluctuations (Deuchar & Quay, 

2000) in TEs across development. In a case study following a German-English bilingual 

child from birth to three years old, Lanvers (1999) reported that the child’s TEs rapidly 

increased from relatively few TE before the age of 1 year 5 months to about 20-25% after 

age 1 year, 5 months. Peña et al.’s (2002) study with Spanish-English bilingual children 

of ages 4.5 to 7 years reported a smaller increase in TE, from 29.5% overlap in younger 

children (Mage = 5.1 yrs.) to 33.8% in older children (Mage = 6.5 yrs.).  
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On the contrary, Pearson et al.’s (1995) study with a younger (8-30 month-old) 

group of Spanish-English bilingual children found that the use of TEs remained relatively 

stable across development with an average of 30% overlap both at early stages (2-12 

words) and later stages (up to 500 words) of language development. Deuchar and Quay 

(2000) found that the proportion of TEs in one Spanish-English bilingual child fluctuated 

considerably within the first two years of life, with a high of 67% at the onset of word 

use, followed by a rapid decline to 10% by the acquisition of the first 50 words, then a 

steady increase back to 44% at age 1 year, 10 months.  

Many of these previous studies have been case studies (Deuchar & Quay, 2000; 

Lanvers, 1999; Nicoladis & Secco, 2000l Schelletter, 2005), and all have been conducted 

with various ages ranging from infancy to adulthood. However, most have covered a 

narrow age range. Thus, the longitudinal studies (Deuchar & Quay, 2000; Lanvers, 1999; 

Pearson et al., 1995) represent only a snapshot of the larger picture of development. Are 

the particular findings reported in Table 1 true for all bilinguals? Or are the findings 

specific to certain ages or certain language groups? Furthermore, do these findings hold 

true for all types of words? The current study sought to address these types of questions. 

When the mean findings of these studies from Table 1 are plotted together as a 

function of age, as seen in Figure 1, there appears to be a possible trend for a linear 

increase in TEs across development. However, there appears to be a gap in the TE 

literature from 3-5 years, which is a critical period for both lexical and cognitive 

development, and thus merited further investigation in the current studies. The same pilot 

study mentioned above (Woods & Yoshida, 2012) with cross-sectional MCDI data from 
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90 bilingual children from various language groups, also suggested linear growth of TE 

across development, as seen in Figure 2. 

Although these pioneering studies provide informative findings about TEs, they 

were conducted with various language groups (French-English, German-English, 

Portuguese-English, Spanish-English) and utilized various vocabulary measures such as 

the Peabody Picture Vocabulary Test-4 (PPVT-4; Dunn & Dunn, 2007), MCDI, 

vocabulary diaries, spontaneous language samples, and category generation tasks. This 

heterogeneity could partially account for the mixed results in the extent of TEs reported 

in Table 1. These studies have laid a foundation to examine TEs in more depth with a 

longitudinal study that investigates the developmental trajectory of TEs in two different 

bilingual language groups with varying linguistic distance between their two languages 

(i.e., Spanish-English and Vietnamese-English) using a single vocabulary measure.  

In addition, the TE literature to date has primarily focused on total vocabulary, 

with little information regarding how the extent of TEs might vary across lexical 

categories. The word learning literature suggests that noun learning is typically easier and 

occurs earlier than verb and adjective learning, (Fenson et al., 1994; Gasser, & Smith, 

1998; Gentner, 1982; Piccin & Waxman, 2007), as evidenced by children’s productive 

vocabularies and experimental studies of children’s extension of novel nouns and verbs. 

This relative dominance for nouns appears to be true even for languages that are more 

verb-heavy than English, such as Mandarin, Korean, and Japanese (see Childers & 

Tomasello, 2006; Imai, Haryu, Okada, Lianjing, & Shigematsu, 2006; Kersten, Smith, & 

Yoshida, 2006), as well as in connectionist models of vocabulary learning (Gasser & 

Smith, 1998).  
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Given the noun advantage in general vocabulary, the development of TEs across 

lexical category merits further investigation. Two known studies have examined TEs in 

nouns and verbs (Schelletter, 2005; Pearson, & Fernandez, 1994), but sample sizes were 

not sufficient to allow solid conclusions, and adjectives were not examined. Examining 

adjectives is crucial to understand the TE learning process because adjectives are difficult 

to learn even in a single language as they are already the second label for an object (the 

noun being the first). If TEs are learned via a similar process as general word learning, 

then presumably learning adjective TEs should be doubly difficult. However, if TEs are 

unique and learned in a manner different from that of general word learning, then perhaps 

learning TEs in adjectives is no different from learning any other type of TE. 

This question was initially investigated in the previously mentioned cross-

sectional pilot study (Woods & Yoshida, 2012), and as seen in Figure 3, the proportion of 

TEs seems to have a similar developmental trajectory in nouns, verbs, and adjectives. As 

a whole, children had TE for 44% of their nouns, 38% of their verbs, and 40% of their 

adjectives. However, since the TEs were reported as a proportion of the child’s 

vocabulary, there were likely still differences in the number of TEs that a child had across 

lexical category. A child could very well have the same proportion of TEs in nouns, 

verbs, and adjectives while still possessing numerically more TEs in nouns than in verbs 

or adjectives, if his or her general lexicon were noun heavy. In other words, these lexical 

differences in TEs may have already been built in as a function of the child’s general 

vocabulary development. This possibility is explored in the current longitudinal study as 

it investigates the developmental trajectory of TEs across lexical category in 3-year-old 
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bilinguals from two different bilingual language groups (i.e., Spanish-English and 

Vietnamese-English). 

Linguistic Distance and Transfer 

With the exception of Holowka et al.’s (2002) comparison of French bilinguals 

with spoken or signed language, no known study to date has directly compared TEs in 

two different bilingual language groups. Nor has any known study examined the 

development of TEs in a language group with one or more non-Indo-European languages. 

Previous literature has focused primarily on TEs in Spanish-English bilinguals (e.g., 

Deuchar & Quay, 2000; Pearson et al., 1995; Peña et al., 2002; Umbel et al., 1992), with 

a limited number including French-English (Holowka et al., 2002; Roberts & LeDorze, 

1997), German-English (Lanvers, 1999; Schelletter, 2005), and Portuguese-English 

(Nicoladis & Secco, 2000) bilinguals. The inclusion of other types of languages in the 

study of TEs is crucial not only because there are many bilingual populations in the world 

that speak non-Indo-European languages, but also because investigating TEs in various 

types of language groups provides the opportunity to explore theoretical questions 

regarding linguistic transfer. In turn, understanding cross-linguistic transfer may help 

shed light on the nature of bilingual language acquisition. 

Given the clear evidence for cross-linguistic influence found in previous word 

learning studies (Hamada & Koda, 2008; Marian, Blumenfeld, & Boukrina, 2007; 

Melby-Lervag & Lervag, 2011; Van der Slik, 2010), it is crucial to examine what role, if 

any, linguistic distance between two languages may play in the development of TEs.  

However, the pervasiveness of cross-linguistic transfer and the specific nature of the 

effect are less clear. For instance, is there cross-linguistic transfer for all aspects of 
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language, or is transfer specific to one aspect, such as oral language (e.g., vocabulary, 

listening comprehension), orthography (e.g., reading comprehension), or phonology (e.g., 

phonological awareness, decoding)? Although there are mixed results in the literature, a 

recent meta-analysis suggests that cross-linguistic transfer is evident in several aspects of 

language, but to a larger degree in the domain of phonology than oral language skills 

such as vocabulary and listening comprehension (Melby-Lervag & Lervag, 2011). 

Therefore, the role of linguistic distance in the learning of TEs merits further 

investigation. 

In addition to the particular aspect of language under consideration, research has 

demonstrated that the specific languages involved and the linguistic distance between 

them influences the degree of cross-linguistic transfer. Linguistic distance is simply the 

dissimilarity between two languages; however, it is a complex construct that has been 

used to refer to many types of linguistic differences, including but not limited to 

vocabulary, grammar, pronunciation, orthography, and phonetics. Therefore, it is difficult 

to determine a standard operational definition for linguistic distance.  

In the past, a common approach has been to describe linguistic distance between 

languages according to the general classification of language families or language trees. 

These language families are based on historical and geographic relatedness. Because the 

current study includes Spanish-English and Vietnamese-English bilinguals, the English, 

Spanish, and Vietnamese languages are of particular interest in this regard. According to 

this method of classification, English is considered an Indo-European language of the 

Germanic genus, whereas Spanish is also an Indo-European language, but of the Romanic 

genus. Vietnamese on the other hand is a Austro-Asiatic language of the Mon-Khmer 
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subfamily and Viet-Muong genus (Cavalli-Sforza, Menozzi, & Piazza, 1994; Crystal, 

1987; Dirven & Verspoor, 2004; Guiso, Sapienza, & Zingales, 2009; Lewis, Simons, & 

Fennig, 2013). Based on this information, because English and Spanish are within the 

same Indo-European family, they are said to be closer linguistically than English and a 

non-Indo-European language, such as Vietnamese, but not as close as English is to other 

Germanic languages such as German.  

In the past decade, an increasing number of researchers have pursued alternative 

approaches to quantifying linguistic distance (Chiswick & Miller, 2005; Dunn et al., 

2005; Gooskens, 2007; Gray & Atkinson, 2003; McMahon & McMahon, 2005 ). 

Chiswick and Miller (2005) introduced a unique method based on data from U.S. 

monolingual English speaking adults’ ability to learn a variety of foreign languages, with 

lower scores implying greater linguistic distance from English. Of the 43 languages 

measured, scores ranged from a low of 1 to a high of 3, with a mean of 2.06. Spanish, 

with a score of 2.25, was easier to learn, and therefore presumably closer linguistically to 

English; Vietnamese, with a score of 1.50, was more difficult to learn, and presumably 

further linguistically from English. Only Cantonese, Korean, and Japanese were more 

difficult to learn than Vietnamese. Although this study provided a step forward in 

quantifying linguistic distance, it is limited in that it only allows comparison to English. 

Furthermore, it relies on the assumption that the difficulty in acquiring two languages is 

symmetrical – that it is equally difficult for an English speaker to learn Japanese for 

instance as it is for a Japanese speaker to learn English – which may not be the case.  

Other recent attempts to quantify linguistic distance have taken a modern 

approach to lexicostatistics – which traditionally quantified linguistic distance based on 
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experts’ judgments of the percentage of cognates shared between two languages (see 

Swadesh, 1952; Dyen, Kruskal, & Black, 1992) – by replacing expert cognancy 

judgments with automatic judgments based on Levenshtein algorithms. This algorithm is 

a standard string match metric that calculates the number of insertions, deletions, and 

substitutions that are required to transform one string (e.g., a word in one language) into 

another string (e.g., the same word in a different language). Recent studies have 

successfully used this method to determine orthographic similarity (Schepens, Dijkstra, & 

Grootjen, 2012) as well as phonetic similarity (Schepens et al., 2013).  

Regardless of which of theses definitions and approaches is used to measure 

linguistic distance, Vietnamese and English are considerably more distant than Spanish 

and English. According to one study that utilized the Levensthein algorithm, Vietnamese 

was the furthest from English of all the languages measured (Isphording, & Otten, 2012). 

However, it is not clear if greater linguistic distance between two languages might help or 

hinder the learning of TEs. For instance, if a bilingual speaker’s two languages are 

relatively similar to each other, such as Spanish and English, does knowing a word in one 

language (e.g., perro in Spanish) help to learn the TE for the same concept in the other 

language (e.g., dog in English)? Or does the greater linguistic similarity between the two 

languages somehow cause confusion or interference, and thus hinder the learning of TEs? 

Conversely, does having greater linguistic distance, as is the case for Vietnamese and 

English, help or hinder the learning of TEs? The current study includes two groups of 

bilingual preschool children, Spanish-English and Vietnamese-English, and as such 

provides the opportunity to investigate how the development of TEs may vary in different 

types of bilingual language groups.  
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Current Study 

The current study builds on previous bilingual literature by examining the 

developmental trajectory of vocabulary, TEs, and cognitive control longitudinally from 3 

to 4 years of age in two different bilingual language groups (Spanish-English, 

Vietnamese-English) and three monolingual control groups (English, Spanish, 

Vietnamese), using a single vocabulary measure (MCDI) and two EF measures – The 

Attention Network Test (ANT; Fan et al., 2002; Rueda et al., 2004) and The Dimensional 

Change Card Sort task (DCCS; Frye, Zelazo, & Palfai, 1995). Given the current 

literature regarding word learning and TEs, four primary questions arise. Study 1 

addresses the first two questions with a longitudinal design to examine productive 

vocabulary and TEs across development, lexical category, and language group. Study 2 

addresses the latter two questions with a longitudinal design to examine the development 

of cognitive control across language group and its relation to the learning of TEs. 

Question 1: Vocabulary Development. How does bilingual vocabulary change 

across development? Does it follow a similar trajectory as monolingual vocabulary? 

Based on previous literature and pilot data (Woods & Yoshida, 2012), it is hypothesized 

that all bilingual vocabulary scores (i.e., each single language score, and conceptual 

vocabulary) will gradually increase across development (Hypothesis 1a) , with each 

single language score (English and non-English) falling below that of monolinguals 

(Hypothesis 1b), but conceptual vocabulary being approximately equal to that of 

monolinguals (Hypothesis 1c). Once this question about bilinguals’ general vocabulary 

has been addressed, focus is turned to TEs, a specific and unique aspect of bilingual 

vocabulary.  
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Question 2: TE Development. What is the nature of the developmental trajectory 

of TEs in bilinguals? Is it similar to that of general vocabulary growth? Specifically, does 

the number of TEs increase, decrease, stay stable, or fluctuate across development? If 

TEs increase across development, this may suggest that TE growth is similar to that of 

general vocabulary growth. On the contrary, if TEs decrease or fluctuate across 

development it might suggest that learning TEs is a process completely different from 

general word learning. Based on the meta-analysis of TEs (see Table 1) and preliminary 

results (Woods & Yoshida, 2012), it is hypothesized that TEs will increase in number and 

proportion between 3 and 4 years of age (Hypothesis 2a).  

Secondly, how does the developmental trajectory of TEs compare across lexical 

category? If TEs do differ across lexical category, this would suggest that TEs are learned 

via a similar process as general word learning and may follow a similar pattern, with TEs 

being highest in nouns and lowest in adjectives. However, if TEs are similar across 

lexical category, this would suggest that TEs may be unique and learned in a manner 

different from that of general word learning. Contrary to general word learning literature 

that suggests nouns are easier to acquire than adjectives, (Fenson et al., 1994; Gasser, & 

Smith, 1998; Gentner, 1982; Piccin & Waxman, 2007), but based on pilot data (Woods & 

Yoshida, 2012), it is hypothesized that there will be a similar pattern in development of 

TEs across lexical category. TEs are expected to be proportionately equal in nouns, verbs, 

and adjectives (Hypothesis 2b). 

Finally, how does the developmental trajectory of TEs compare across language 

group in Spanish-English and Vietnamese-English bilinguals? In other words, what 

effect, if any, does linguistic distance have on the development of TEs? If linguistic 
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similarity helps the learning of TEs, then the Spanish-English bilingual group should 

have a higher number or faster growth rate of TEs than the Vietnamese-English group. 

On the contrary, if linguistic distance helps the learning of TEs, then the reverse would be 

true (i.e., the Vietnamese-English bilingual group should have more TEs than the 

Spanish-English bilingual group). Alternatively, linguistic distance may not influence the 

learning of TEs. If that is the case, Spanish-English bilinguals and Vietnamese-English 

bilinguals would have a similar developmental trajectory of TEs. Based on previous 

evidence that linguistic-distance plays a role in word learning (Hamada & Koda, 2008; 

Marian, Blumenfeld, & Boukrina, 2007; Melby-Lervag & Lervag, 2011) and given that 

TES refer to the same concept, it is hypothesized that greater linguistic similarity will 

promote the learning of TEs. Therefore, Spanish-English bilinguals are expected to have 

a greater number or faster growth rate of TEs than the Vietnamese-English group 

(Hypothesis 2c).  

Question 3: Cognitive Control. How does the development of cognitive control 

vary across language groups? Recent research suggests that due to their experience with 

learning and using two languages, bilinguals have advanced cognitive control (Bialystok 

et al., 2010; Bialystok & Martin, 2004; Bialystok & Viswanathan, 2009; Carlson & 

Meltzoff, 2008; Kovács & Mehler, 2009; Mezzacappa, 2004). However, it is not clear if 

specific aspects of the bilingual experience, such as the linguistic relatedness of the two 

languages, may influence cognitive control. There is some evidence to suggest that the 

specific languages of bilinguals may differentially influence cognitive function  

(Bialystok et al., 2003; Yang & Lust, 2006). Therefore, based on previous literature it is 

hypothesized that the bilinguals will have greater cognitive control than the monolinguals 
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(Hypothesis 3a), with the possibility of differences in cognitive control between the two 

bilingual groups as well. It is expected that the Vietnamese-English group might have 

greater cognitive control than the Spanish-English group (Hypothesis 3b), the assumption 

being that more experience with languages of greater linguistic distance would lead to 

greater cognitive control.  

Question 4: Mechanism of TE Learning. What is the role of cognitive control in 

the learning of TEs? Previous research in our lab (Yoshida et al., 2011) suggests that 

while attention was not related to general vocabulary, it was predictive of lab-based novel 

adjective learning, a type of competitive word learning in which there are two labels for 

one object (the first label being the already known noun, the second label being the novel 

adjective). Given this finding, it may be that cognitive control is not critical for word 

learning in general, nor for adjective learning specifically, but rather is important for 

word learning that involves competition. Thus, it is hypothesized that cognitive control 

will predict growth of TEs (Hypothesis 4). The present study investigates this possibility 

by longitudinally examining the role of cognitive control in TEs, another form of word 

learning that involves competition. 
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Method 

Participants 

Participants were 98 three year olds – 38 bilingual (17 Spanish-English, 21 

Vietnamese-English), and 60 monolingual controls (20 English, 20 Spanish, 20 

Vietnamese) –  recruited as part of a larger longitudinal study conducted in the Cognitive 

Development Lab at the University of Houston. English monolinguals, Spanish-English 

bilinguals, and Vietnamese-English bilinguals were all living in Houston, Texas at the 

time of data collection. Spanish monolinguals were living in three cities in northern 

Argentina: Salta, in the province of Salta; San Jose de Metán, in the province of Salta; 

and San Miguel de Tucumán, in the province of Tucumán. Vietnamese monolinguals 

were living in southeastern Vietnam in the province of Đồng Nai. Spanish-English 

bilinguals had at least one parent that was born in Argentina and spoke Spanish in the 

home, and Vietnamese-English bilinguals had at least one parent who was born in 

Vietnam and spoke Vietnamese in the home.  

Language and cognitive measures were longitudinally collected at approximately 

six-month intervals beginning when the child was 3 years old, for a total of three time 

points per participant (i.e., 3, 3.5, and 4 years old). This target age group was specifically 

chosen for the current study because there seems to be a gap in the TE literature for this 

age (see Figure 1), and yet this age is a critical time for both rapid lexical growth and the 

development of EF. Demographic information is summarized in Table 2, including 

sample size, age, and gender frequencies at each of the three time points, for each of the 

five language groups.  
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Materials 

Basic Information Form (BIF). A parental questionnaire created in our lab was 

used to acquire basic information about the child’s language and health history (see 

Appendix A). Parents were asked to list any languages the child was regularly exposed 

to, since what age, with whom the child hears/speaks the language, and how frequently. 

Parents were also asked to report if the child had any major speech, health, or attention 

problems. This form was used as an initial screening form to determine if participants 

were monolingual or bilingual, and to ensure that participants were typically developing. 

SES. The John D. and Catherine MacArthur SES (MacArthur Network on SES 

and Health website) parental questionnaire was used to acquire basic demographic 

information about the child’s socio-economic status. Questions assess parental education, 

occupation, income, and assets, as well as subjective social status such as where the rater 

would place himself or herself in his or her community and nation.  

MCDI. Children’s productive vocabulary and the presence of TE in bilinguals 

were measured using the MacArthur-Bates Communicative Development Inventory: 

Words & Sentences short form (MCDI; Fenson et al., 1993), a parental checklist 

commonly used to measure children’s productive vocabulary. The child’s caregiver(s) 

completed one MCDI for each of the child’s languages, and was instructed to mark the 

words on each form that he/she had heard the child spontaneously produce (as opposed to 

merely imitating).  

Standardized language forms were used for English and Spanish (Inventario del 

Desarrollo de Habilidades Comunicativas: Palabras y Enunciados; IDHC; Jackson-

Maldonado, Bates, & Thal, 1992; Jackson-Maldonado et al., 2003). The Vietnamese 
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version was adapted by a native speaker of Vietnamese based on translations of 

standardized versions of English and Japanese. These non-English MCDI forms are not 

necessarily direct translations of English, but rather are based on words that are culturally 

and linguistically relevant for the respective population. The full version of the 

standardized English and Spanish forms includes 680 words organized into various 

lexical categories (e.g., nouns, verbs, adjectives). Nouns are further broken down into 

semantic categories (e.g., animals, toys, vehicles, food, household items, rooms and 

furniture). The current study utilized a short version of the forms that included 429 items 

in English, 447 in Spanish, and 468 in Vietnamese. These totals include the sections on 

animal sounds and pronouns, which were excluded from analyses. As shown in Table 3, 

for the purposes of the current study the English and Spanish forms each had a total 392 

items  (226 nouns, 103 verbs, 63 adjectives), whereas the Vietnamese form had additional 

items, all in noun categories, for a total of 427 items (261 nouns, 103 verbs, 63 

adjectives).  

The MCDI was normed on a population of 1,200 monolingual English-speaking 

children ages 16-30 months old from three regions in the United States (Fenson et al., 

1994). Likewise, the Spanish version was normed on a large population of 16-30 month 

old monolingual Spanish-speaking children in Mexico. Since the MCDI was originally 

designed for use with monolinguals, caution must be exercised when comparing 

bilinguals’ scores to monolingual norms, especially in a clinical setting and especially 

based on a single language score. Although the MCDI was not normed for all of the ages 

or populations included in the current study, the MCDI is well suited for the specific 

research questions at hand regarding TE in bilingual preschool children due to its 
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comprehensive nature, including a large number of items from a variety of lexical 

categories and a large number of overlapping concepts across languages. Furthermore, its 

reliability and validity are well established in monolinguals (Dale, 1991; Dale, Bates, 

Reznick, & Morrisset, 1989; Fenson et al., 1991), and it has previously been used for 

bilingual research (Marchman, 1999; Marchman & Martinez-Sussmann, 2002; Pearson & 

Fernandez, 1994; Pearson et al., 1993; Pearson et al., 1995).  

ANT. The Attention Network Test (ANT; Fan et al., 2002; Rueda et al., 2004) was 

used as a non-linguistic measure of one aspect of children’s cognitive control, attention. 

The task measures the efficiency of three attentional networks: alerting, orienting, and 

executive control. In the child version, participants are presented with a digital computer 

game and are instructed to feed the hungry fish (which is always the middle fish), by 

touching its mouth. To perform the task, children must shift their attention to the 

direction of the target fish among a group of distracter fish. This measure was specifically 

selected due to the known importance of attention for early word learning (e.g., Plunkett, 

1997; Smith, 2000; Hollich, Hirsh-Pasek, Tucker, & Golinkoff, 2000; Halberda, 2009; 

Yoshida & Hanania, 2011; Horst, Scott, & Pollard, 2010; Smith, Colunga, & Yoshida, 

2010; Yoshida, Tran, Benitez, & Kuwabara, 2011). It also has the advantage of being 

non-linguistic and, as such, may provide a relatively pure measure of cognitive control 

without the additional influence of language skills, a factor that could vary considerably 

amongst three-year-old bilingual children. 

Studies have shown that there is significant development of attention between 2-7 

years of age (Rueda et al., 2004). This development is typically observed on the ANT as 

improved reaction time and accuracy, with the independence of the three attentional 
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networks resembling those of adults by 7 years. Bilingual advantages for children on this 

task are typically limited to overall accuracy and response times, as opposed to the 

separate network scores (Kapa & Columbo, 2010; Yang & Lust, 2005).  

DCCS. The Dimensional Change Card Sort task (DCCS; Frye, Zelazo, & Palfai, 

1995) was used as a second measure of cognitive control. Typically, the DCCS has been 

said to measure inhibition and switching, but recent evidence also suggests that 

performance on the task is highly correlated with selective attention (see Hanania & 

Smith, 2010 for a review). During the task, children are presented with two target cards 

with pictures of common objects that vary in both shape and color. The current study 

utilized cards with red and blue boats and bunnies. Children were instructed to sort a 

stack of cards that match each target on one dimension only (either shape or color), but 

were not given explicit instructions on what dimension to use for the sorting. The child 

might first sort the cards by shape, putting all the bunnies (regardless of whether they are 

blue or red) with the blue bunny and all the boats (regardless of whether they are blue or 

red) with the red boat. Once all the cards have been sorted, the sorting rule is switched 

and the child is asked to sort the cards by the other dimension. If the child had originally 

sorted by shape, he/she would then be given feedback indicating that the previous sorting 

method is no longer correct, and would be given correct feedback when cards are sorted 

by color, now requiring that all the blue cards (regardless of whether they are bunnies or 

boats) go with the blue bunny target card, and all the red cards (regardless of whether 

they are bunnies or boats) go with the red boat target card.   

The main finding of previous research is that both younger and older monolingual 

preschool children of ages 3-5 years perform nearly perfectly on pre-switch trials, but 3-
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year-olds tend to make perseverative errors on post-switch trials, finding it difficult to 

switch from the old sorting rule to the new sorting rule until around age 4 or 5 years. 

There is some evidence of a bilingual advantage to this effect, with bilinguals succeeding 

on post-switch trials about a year earlier that monolinguals (see Carlson & Meltzoff, 2008 

for a review).  

Procedure 

Families with three-year-old children were recruited from the local community in 

their respective city through established connections with local institutions such as 

daycares, libraries, and museums, as part of a larger ongoing project in the Cognitive 

Development Lab at the University of Houston. Interested families were contacted and 

invited to have their child participate in a study. If the family was unable to travel to the 

experiment site, accommodations were made to conduct the study in a quiet room at the 

child’s home or daycare, or at a nearby public library. Upon arrival, the parent was asked 

to complete the necessary paperwork (a consent from, BIF, SES, and MCDI for each of 

his/her child’s languages). During this time the child was familiarized with the 

environment and the experimenter while playing with toys together. Once the child was 

comfortable, he/she accompanied the experimenter to a separate room to complete the 

ANT and DCCS tasks. At the end of the visit, families were compensated with a Target 

gift card worth five dollars, if they traveled to the University of Houston, and a small gift 

for the child such as a stuffed animal or t-shirt. 

Design 
Determining what constitutes a TE. Spanish and Vietnamese words were 

translated to English by a native speaker of each language who was also fluent in English. 

Similar to the scoring system developed by Marchman (1999), overlapping concepts 
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between each language were identified, yielding a set list of concept matches. Items were 

considered concept matches if they reflected the same general “concept” as agreed upon 

by a team of native speakers. Because the different language forms are not direct 

translations of each other, a single concept may not be represented on all three language 

forms due to its cultural or linguistic specificity (e.g., the concept “applesauce” is on the 

English form but not the Spanish or Vietnamese form). See Appendix A for a sample list 

of concepts and concept matches (TE). As seen in Table 3, the number of TEs on the 

Vietnamese and English forms (N = 376) was considerably higher than on the Spanish 

and English forms (N = 307). This measurement difference was likely a function of the 

Vietnamese form being an unstandardized form, whereas the Spanish form was 

standardized based on actual monolingual Spanish norms. As such, all of the verbs and 

adjectives on the Vietnamese form were direct translations from the English form, and 

TEs by definition. Therefore, this difference in the possible number of TEs in Spanish-

English and Vietnamese-English should not be interpreted as the result of inherent 

differences in linguistic relatedness. 

Calculating Participants’ Vocabulary and TEs. For each bilingual child, two 

single language scores, a composite language score (e.g., English plus non-English single 

language scores), a conceptual vocabulary score, and a TE score was calculated. For each 

concept on the MCDI, the number of labels known by the child for that item was 

calculated. If the child knew two labels for a concept, this was considered a TE. The 

number of TEs was then summed and subtracted from each child’s composite vocabulary 

score to yield a conceptual vocabulary score that represented the number of concepts 

known exclusively in one language (e.g., dog in English but not perro in Spanish), plus 
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the number of concepts known exclusively in the other language (e.g., gato in Spanish 

but not cat in English), plus the TEs known in both languages (e.g., shoe in English and 

zapato in Spanish).  

Since neither single language score alone represents the entirety of a bilingual’s 

knowledge, conceptual vocabulary has been found to be the most comparable to that of 

monolingual vocabulary (Alvarado, 2000; Bialystock, 2001; Oller & Pearson, 2002; 

Pearson, 1998; Pearson & Fernández, 1994; Pearson, Fernández, & Oller, 1993). 

Monolinguals have only one language score, which by default is also their conceptual 

vocabulary, because all the concepts they know are represented by words in that one 

language, whereas bilinguals’ conceptual knowledge is split between their two languages. 

Therefore, bilinguals’ conceptual vocabulary was calculated by summing each single 

language score, and subtracting the number of TEs, which are essentially duplicate labels 

for the same concept. This calculation yielded a conceptual vocabulary score that 

represents the number of concepts known, regardless of the language.  

To control for the aforementioned differences in the number of possible TEs (i.e., 

concept matches) present across languages (Spanish-English versus Vietnamese-English), 

the proportion of TEs was calculated by dividing the child’s number of TEs by his/her 

own conceptual vocabulary, thus yielding the amount of overlap between the child’s two 

languages as opposed to the percent of all possible TEs on the MCDI. This method was 

used instead of calculating the child’s proportion of the total possible TEs in his/her two 

languages to control for individual differences in general vocabulary. Since monolingual 

children speak only one language, their single language vocabulary and conceptual 

vocabulary are identical. The same procedures were also followed for each lexical 
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category (nouns, verbs, and adjectives) separately, thus yielding 20 language scores for 

each bilingual child at each of the three time points: English total, English nouns, English 

verbs, English adjectives, non-English total, non-English nouns, non-English verbs, non-

English adjectives, composite total, composite nouns, composite verbs, composite 

adjectives, conceptual total, conceptual nouns, conceptual verbs, conceptual adjectives, 

TE total, TE nouns, TE verbs, TE adjectives. 

IGC Analysis 
The current study utilizes Individual Growth Curve (IGC) analysis, a type of 

multilevel model (MLM) or Hierarchical Linear Model (HLM), to investigate changes in 

vocabulary, TEs, and cognitive control in children at three time points from 3 to 4 years 

of age. MLMs are applicable whenever data are nested in a natural hierarchical structure, 

as is often the case for data collected in educational settings (e.g., students nested within 

classes, classes nested with schools, schools nested within districts). IGC models that 

explore longitudinal data over time represent a special case of the nested structure; 

multiple observations (level 1) are nested within individuals (level 2), and in some cases, 

individuals are nested within groups (level 3).  

MLM also has several advantages over alternative approaches that explore 

longitudinal change, including the ability to handle missing data and variability in 

intervals between time points, thus allowing for maximum use of the available data. The 

ANOVA approach to repeated measures, and trend analysis, are more restrictive in that 

all participants must have data at all time points, for all variables of interest. This 

constraint often proves problematic for longitudinal designs. In addition, because 

ANOVA utilizes comparison of group means, any within-group individual differences in 

change are treated as error. MLMs are better able to incorporate both individual change 
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and group change. In a MLM, variability in the outcome measure (e.g., vocabulary) is 

separated into one or more components per level, with variance components across levels 

generally considered independent. Although both stages of analysis occur 

simultaneously, the process can be conceptualized as consisting of two stages: a within-

subjects multiple regression analysis used to obtain intercept and slope parameter 

estimates for each individual, and a between-subject analysis in which the intercept and 

slope parameter estimates become the dependent measures (Bryk & Raudenbush, 1987; 

Francis, Fletcher, Stuebing, Davidson, & Thompson, 1991; Francis, Schatschneider, & 

Carlson, 2000; Rogosa, Brandt, & Zimowski, 1982; Singer, 1998; Willett, 1988). 

 In the current study, data were analyzed using SAS 9.3 (SAS Institute, Cary NC). 

Models were fit in SAS PROC MIXED (Littell, Milliken, Stroup, Wolfinger, & 

Schabenberger, 2006). So that the intercept is meaningful and easier to interpret, the 

time-varying factor age was centered at the global mean age at the first time point of data 

collection: 38.9 months. Thus, the value 38.9 was subtracted from each child’s age at 

each time point to yield the centered age. For the remainder of the paper, the variable age 

will refer to the centered age. As such, reported intercept values reflect the expected level 

of the outcome measure (e.g., English vocabulary) at approximately 39 months, and slope 

values reflect the expected rate of growth per month in the outcome variable. Statistical 

significance was predetermined at alpha = .05, unless otherwise stated for specific 

analyses.  

For each outcome variable, three models were fit to assess the magnitude of 

variance components: an unconditional means model that included intercept only, an 

unconditional growth model that included intercept and slope, and a full conditional 
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growth model that included intercept, slope, and all covariates (main effects and 

interactions). Growth models were fit with an unstructured covariance matrix, random 

intercepts, and random slopes (SAS code for IGC models can be seen in Appendix C). As 

such, growth parameters (e.g., intercepts and slopes) were free to vary across individuals 

and groups for each of the outcomes. The between-within degrees of freedom was used to 

compute denominator degrees of freedom for the fixed effects for all growth models 

(Singer, 2002).  

Vocabulary Models. To address the first research question, regarding how 

bilingual vocabulary changes across development, IGC analyses were conducted on three 

different outcome variables: English vocabulary, non-English vocabulary, and conceptual 

vocabulary. Due to the varying number of items on each language form, all three 

outcome variables were modeled with proportion scores (the individual’s score out of the 

total possible score) as opposed to raw scores. In addition, due to the specific focus of the 

research question, and the lack of predictions about the development of English, non-

English, and conceptual vocabularies across lexical category, analyses were only 

conducted with total vocabulary for each of the three outcome variables, and did not 

consider nouns, verbs, and adjectives separately. For each outcome variable, three models 

were conducted to assess the magnitude of variance components: an unconditional means 

model that included intercept only, an unconditional growth model that included intercept 

and slope, and a full conditional growth model that included intercept, slope, and all 

covariates (see Appendix C for the SAS code for all IGC models). 

English vocabulary was modeled with a three-group model that included English, 

Spanish-English, and Vietnamese-English bilinguals with a between-subject factor of 
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language group. Contrasts were performed within the model to test hypotheses about 

differences between specific language groups. Non-English vocabulary was modeled 

with two separate models: one for Spanish vocabulary, comparing Spanish monolinguals 

and Spanish-English bilinguals, and one for Vietnamese vocabulary, comparing 

Vietnamese monolinguals and Vietnamese-English bilinguals, each with the between-

subject factor of language group. Conceptual vocabulary was modeled with one model 

that included all five languages groups, and the between-subject factor of language group. 

Contrasts were conducted within the model to test hypotheses about differences in 

conceptual vocabulary between specific language groups.  

TE Models. To address the second research question regarding the nature of the 

developmental trajectory of TEs in bilinguals, two IGC analyses were conducted with the 

outcome variable of TE Proportion. The first model investigated total TE growth in the 

two bilingual groups, with a between-subject factor of language group (e.g., Spanish-

English, Vietnamese-English), while the second model included the additional factor of 

lexical category to compare TE growth in nouns, verbs, and adjectives. Due to the 

varying number of possible TEs for Spanish-English and Vietnamese-English (see Table 

3), proportion scores were modeled instead of raw scores. In addition, because TEs are a 

function of vocabulary, the TE proportions reported are the number of TEs out of the 

child’s own conceptual vocabulary, not out of the total possible TEs, as was the case for 

English and non-English vocabulary. If TE proportions were reported out of the total 

possible TEs, results would be confounded by the child’s vocabulary size; if a child had a 

small vocabulary, there would be fewer possible TEs to be known. Therefore, reported 

TE proportions are the number of TEs out of each child’s own conceptual vocabulary. 
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Cognitive Control Model. To address the third research question, regarding the 

development of cognitive control across language group, a single IGC model was fit with 

all five language groups, with the between-subject factor of language group, and the 

outcome variable of cognitive control. To account for missing data in ANT and DCCS, a 

single cognitive control score was calculated based on the mean of each participant’s 

ANT accuracy and DCCS accuracy post-switch. Contrasts were conducted within the 

model to test a priori hypotheses about differences in cognitive control, particularly 

between monolinguals and bilinguals, and within the two bilingual groups.  

Mechanism of TE Model. To address the fourth and final research question 

regarding the potential role of cognitive control in the learning of TEs, one IGC analysis 

was conducted with intercept, age, cognitive control, and age by cognitive control 

included in the conditional model as fixed effects, intercept and age included as random 

effects, and total TEs as the outcome variable. Only the two bilingual language groups 

were included in the model, as this question addresses TEs, which monolinguals do not 

have. Due to the exploratory nature of the question, both cognitive control and TEs were 

treated as time-varying covariates to determine if there was any significant relationship.  
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Results 

Study 1 examined the longitudinal development of vocabulary in monolingual 

(English, Spanish, Vietnamese) and bilingual (Spanish-English, Vietnamese-English) 

preschool children from 3 to 4 years of age. In addition, the development of TEs in 

bilinguals was investigated across language group (Spanish-English, Vietnamese-

English) and across lexical category (nouns, verbs, adjectives). Study 2 examined the 

longitudinal development of cognitive control (as measured by the ANT and DCCS) in 

all five language groups, every six months from 3 to 4 years of age, and it investigated 

the potential role of cognitive control in the learning of TEs. There were four main 

research questions: 

Question 1: Vocabulary Development. How does bilingual vocabulary change 

across development? Specifically, how does the development of English, non-English, 

and conceptual vocabulary in bilinguals compare to that of  monolinguals?  

Questions 2: TE Development. What is the nature of the developmental trajectory 

of TE in bilinguals? Specifically, how does the proportion of TEs change across time, 

language group, and lexical category? 

Question 3: Cognitive Control. How does the development of cognitive control 

vary across language groups? Firstly, are there differences between monolinguals and 

bilinguals on cognitive control measures? Secondly, are there differences between 

Spanish-English and Vietnamese-English bilinguals on cognitive control measures? 

Question 4: Mechanism of TE Learning. What is the role, if any, of cognitive 

control in the learning of TEs? Since the cognitive control measures and vocabulary 

measure are both time-varying, it would be possible to examine the relationship between 
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the measures at a single point in time. However, given the exploratory nature of this 

question and the unknown relationship between cognitive control and TEs, this question 

will be addressed by modeling both cognitive control and TEs as time-varying covariates 

to determine if there is any relationship at all between the two variables. 

Correlations of Measures 

As can be seen in Table 4, within-language measures were strongly, positively 

correlated across development in bilinguals; English vocabulary scores at time 0 

correlated with English vocabulary scores at time 1 and time 2 and similar associations 

were found for non-English vocabulary, conceptual vocabulary, and total TEs. However, 

there were no cross-language correlations between the bilinguals’ two languages (i.e., 

English and non-English vocabulary were not correlated at any time point). English and 

non-English vocabulary were correlated with conceptual vocabulary and TEs at all time 

points, but this is not surprising given that the two single languages comprise conceptual 

vocabulary and TEs.  

A separate correlation was computed for the two cognitive control measures 

(ANT accuracy, DCCS post-switch accuracy) and all language measures (English 

vocabulary, non-English vocabulary, conceptual vocabulary, and TEs) in all participants. 

Results are shown in Table 5. Once again, within-language measures were strongly, 

positively correlated across development, as was ANT accuracy. In addition, ANT 

accuracy and DCCS post-switch accuracy were significantly, positively correlated at time 

0 and time 2. Furthermore, DCCS accuracy was significantly negatively correlated with 

English and non-English vocabulary at times 1 and 2, and with TEs at time 1.  
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Vocabulary Development 

English Vocabulary. An English MCDI was completed by parents for English 

monolinguals as well as Spanish-English and Vietnamese-English bilinguals. Total 

English vocabulary is summarized in Table 6 for each of the three language groups at 

each of the three time points. When considering the raw scores, it is important to note that 

as seen in Table 3, the number of items varied by language form and lexical category; the 

English MCDI had 226 nouns, 103 verbs, and 63 adjectives for a total of 392 items. As 

can be seen in Table 4, raw scores and proportions increased at each time point for each 

of the three language groups. However, English monolinguals had the highest initial 

scores, followed by Spanish-English bilinguals, and lastly Vietnamese-English bilinguals. 

Differences in English vocabulary across time, language group, and lexical category were 

statistically modeled using IGCs, the results of which are included below and provide 

more detailed information about growth parameters. 

It is important to note that English monolinguals as a group were approaching 

ceiling by time 1, when the children were approximately 42 months old, with a mean 

English score of approximately 96%. Specifically, 10 out of 13 (77%) English 

monolinguals had an English vocabulary score greater than or equal to 90%, whereas the 

same criterion was only met by 4 out of 14 (29%) Spanish-English bilinguals, and 2 out 

of 16 (13%) Vietnamese-English bilinguals. It is not surprising that English monolinguals 

are nearing ceiling by time 1, around 42 months, given that the English MCDI is normed 

for monolingual English speakers up to 30 months. However, even by time 2, when 

bilingual participants were over 48 months, Spanish-English and Vietnamese-English 

participants on average still only knew between 70-80% of the words on the English 
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MCDI. Specifically, 7 out of 13 (54%) Spanish-English bilinguals, and 4 out of 14 (29%) 

Vietnamese-English bilinguals had English scores over 90% by time 2, compared to 10 

out of 12 (83%) English monolinguals.  

English Vocabulary IGCs. Since Spanish and Vietnamese monolinguals do not 

have an English vocabulary score, they were excluded from the following models. To 

assess the magnitude of variance components, first, an unconditional means model was 

conducted that included intercept only, followed by an unconditional growth model that 

included intercept and slope. As can be seen in Table 7 the variance component 

representing variation between-subjects, denoted as “Intercept”,  increased from .06 in 

the unconditional means model to .09 in the unconditional growth model. However, the 

variance component representing variation within-subjects, denoted as “Residual”,  

diminished from .02 in the unconditional means model to .007 in the unconditional 

growth model. This suggests that the age predictor (slope) explains a portion of the 

variation in English vocabulary. The exact portion of variation that is explained can be 

calculated as (.02-.007)/.02, which yields .65, or 65%. This indicates that 65% of the 

explainable variance in English vocabulary is explained by age. It is important to note 

that this percentage only represents the portion of the explainable variance that is 

explained, which is different from an R2 statistic. Although 65% is a relatively large 

portion of the explainable variance, the explainable variance was small. 

Finally, a full conditional growth model was estimated with intercept, age, 

language group, and age by language group included in the model as fixed effects, and 

intercept and age included as random effects. Results revealed significant main effects of 

age, F(1,69) = 43.02, p < .001, and language group, F(2, 49) = 16.10, p < .001, but no age 
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by language group interaction, F(2,69) = 1.99, p = .15. As seen in Table 8, the intercept 

estimate of 86% for the reference group (English monolinguals) was significant (p < 

.001), indicating that the mean of the reference group was significantly different from 0 at 

the initial time point. However, since the main effect of language group was significant, 

this suggests that the intercept for English vocabulary varied depending on the language 

group.  

Specifically, as shown in Table 8, Spanish-English bilinguals had an intercept 

23% lower than English monolinguals (p < .01), and Vietnamese-English bilinguals had 

an intercept 46% lower than English monolinguals (p < .001). This means that Spanish-

English bilinguals and Vietnamese-English bilinguals had intercepts of 63% and 40% 

respectively, as summarized in Table 9. To determine if the main effect of language 

group was driven by differences in specific language groups, contrasts were performed 

within the model to compare each pair-wise group. English monolinguals had a 

significantly higher intercept than Spanish-English bilinguals, F(1,49) = 7.99, p < .01, 

and than Vietnamese-English bilinguals, F(1,49) = 32.20, p < .001, and Spanish-English 

bilinguals had a significantly higher intercept than Vietnamese-English bilinguals, 

F(1,49) = 7.88, p < .01. These group differences are denoted on Table 9 as a superscript 

besides each parameter estimate; groups with the same superscript were not significantly 

different from each other, whereas groups with different superscripts were significantly 

different from each other. This type of notation is used in summary Tables 10-11 as well, 

but will only be mentioned at this point in the paper. 

The main effect of age suggests that English vocabulary increased across 

development at an average rate of 1% per month in English monolinguals. However, the 
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non-significant age by language group interaction suggests that there were no significant 

differences in growth rate between the three language groups. To summarize, English 

monolinguals began with significantly higher English vocabulary scores than either 

bilingual group at the initial time point, but growth rates were similar in English 

monolinguals, Spanish-English bilinguals, and Vietnamese-English bilinguals.  

However, the residual component actually increased from .007 in the 

unconditional growth model to .01 in the conditional model, as seen in Table 8. This 

suggests that adding the additional predictors, language group and age by language 

group, to the model did not explain any additional variance, and a simpler model with the 

non-significant predictors (i.e., language group by age) removed might provide a better 

estimate of English vocabulary development. These intercept and slope variances for all 

conditional models are also reported in Table 12, along with the correlation between the 

random intercept and slope (in italics above the diagonal in the 2 x 2 matrix) and the 

covariance between the random intercept and slope (below the diagonal in the 2 x 2 

matrix). The significant negative covariance estimate indicates there is a relationship 

between the intercept and slope: individuals with higher initial English vocabulary scores 

have a slower growth rate, and vice-a-versa. This pattern is common with a constrained 

dependent variable; if values start closer to the ceiling, there is not as much room for 

growth. 

Non-English Vocabulary. In addition to completing an English MCDI, parents 

of Spanish-English and Vietnamese-English bilinguals also completed a second MCDI 

for the child’s non-English language. Parents of Spanish monolinguals and Vietnamese 

monolinguals completed a single MCDI for the language of their child, Spanish or 
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Vietnamese respectively. As such, non-English vocabulary can be further broken down 

into Spanish vocabulary for the Spanish monolinguals and Spanish-English bilinguals, 

and Vietnamese vocabulary for the Vietnamese monolinguals and Vietnamese-English 

bilinguals.  

Non-English vocabulary is summarized in Table 6 for each of the four language 

groups at each of the three time points. This is separated into Spanish vocabulary for the 

Spanish monolinguals and Spanish-English bilinguals, and Vietnamese vocabulary for 

the Vietnamese monolinguals and Vietnamese-English bilinguals. When considering the 

raw scores, it is important to note that, as seen in Table 3, the number of items varied by 

language form and lexical category. The Spanish MCDI had 226 nouns, 103 verbs, and 

63 adjectives for a total of 392 items; the Vietnamese MCDI had 261 nouns, 103 verbs, 

and 63 adjectives for a total of 427 items. 

As can be seen in Table 6, in general the raw scores and proportions for non-

English vocabulary increased at each time point for each of the four language groups, 

with the exception of a 2% decrease for Spanish monolinguals between time 1 and 2. In 

addition, as a whole, monolinguals had higher scores than their bilingual counterparts at 

each time point, with the exception of the Spanish-English bilinguals having slightly 

higher scores than Spanish monolinguals at time 0. Differences in non-English 

vocabulary across age and language group were statistically modeled using IGCs, the 

results of which are included below and provide more detailed information about growth 

parameters. 

In regard to ceiling effects, it is interesting to note that even by the final time 

point, time 2, the Spanish monolinguals and Vietnamese monolinguals on average only 
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knew 80-90% of the words on the MCDI in their language, with 13 out of 19 (68%) 

Spanish monolinguals and only 2 out of 20 (10%) Vietnamese monolinguals having non-

English scores over 90% by time 2. This finding stands in contrast to the English 

monolinguals, who on average already knew 96% of English words by time 1. As with 

their English scores, Spanish-English and Vietnamese-English bilinguals knew 

approximately 70-80% of words in their non-English language by time 2, with 8 out of 13 

(62%) Spanish-English bilinguals and only 2 out of 14 (14%) Vietnamese-English having 

non-English scores over 90% by time 2.  

Spanish Vocabulary IGCs. To assess the magnitude of variance components, 

first, an unconditional means model was conducted that included intercept only, followed 

by an unconditional growth model that included intercept and slope. As can be seen in 

Table 7 the between-subject variance component represented by “Intercept”  increased 

from .03 in the unconditional means model to .04 in the unconditional growth model.  It 

is important to note that the intercepts in these two models are not being estimated at the 

same point on the growth curve; they represent expected performance at different ages. 

As such, the variance is not necessarily expected to decline in the growth model. 

However, the within-subject variance component represented by “Residual”,  diminished 

from .02 in the unconditional means model to .007 in the unconditional growth model. 

This suggests that age explains 65% ((02-.007)/.02) of the explainable variation in 

Spanish vocabulary.  

Intercept, age, language group, and age by language group were included in the 

conditional model as fixed effects, with intercept and age included as random effects, and 

non-English vocabulary proportion as the outcome. Results revealed a significant main 
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effect of age, F(1,63) = 55.29, p < .001, but no main effect of language group, F(1, 35) = 

0.05, p = .82, and no age by language group interaction, F(1,63) = 3.23, p = .08. As seen 

in Table 13, the intercept estimate of 66% for the reference group (Spanish monolinguals) 

was significant (p < .001), indicating that the mean of the reference group was 

significantly different from 0 at the initial time point. The non-significant main effect of 

language group suggests that the intercept for non-English vocabulary is similar in 

Spanish monolinguals and Spanish-English bilinguals.   

The main effect of age suggests that non-English vocabulary increased across 

development at an average rate of 2% per month, and the non-significant age by language 

group interaction suggests that growth rates between Spanish monolinguals and Spanish-

English bilinguals were not significantly different. The specific intercept and slope 

estimates for each group are presented in Table 9. To summarize, Spanish-English 

bilinguals and Spanish monolinguals did not differ in terms of intercepts or growth rates 

for Spanish vocabulary. This finding is contrary to the intercept difference found between 

monolinguals and bilinguals for English vocabulary.  

However, the residual component actually increased from .007 in the 

unconditional growth model to .01 in the conditional model, as seen in Table 13. This 

suggests that adding the additional predictors, language group and age by language 

group, to the model did not explain any additional variance, and a simpler model with the 

non-significant predictors (i.e., age by language group), removed might provide a better 

estimate of Spanish vocabulary development. These intercept and slope variances are also 

reported in Table 12, along with the correlation and covariance estimates. 
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Vietnamese Vocabulary IGCs. An unconditional means model was conducted 

that included intercept only, followed by an unconditional growth model that included 

intercept and slope. As can be seen in Table 7 the between-subject variance component 

represented by “Intercept”  increased from .01 in the unconditional means model to .04 in 

the unconditional growth model. However, the within-subject variance component 

represented by “Residual”,  diminished from .02 in the unconditional means model to 

.002 in the unconditional growth model. This suggests that age explains 90% ((02-

.002)/.02), of the explainable variation in Vietnamese vocabulary.  

Intercept, age, language group, and age by language group were included in the 

conditional model as fixed effects, with intercept and age included as random effects, and 

non-English vocabulary proportion as the outcome. Only Vietnamese monolinguals and 

Vietnamese-English bilinguals were included in this model. Results revealed significant 

main effects of age, F(1,39) = 91.70, p < .001, and language group, F(1, 35) = 810.58, p 

< .01, but no age by language group interaction, F(1,39) = 0.35, p = .56. As seen in Table 

14, the intercept estimate of 62% for the reference group (Vietnamese monolinguals) was 

significant (p < .001), indicating that the mean of the reference group was significantly 

different from 0 at the initial time point. However, the significant main effect of language 

group suggests that the intercept for non-English vocabulary depends on whether the 

individual is monolingual or bilingual. Specifically, Vietnamese-English bilinguals had 

an intercept 20% lower than Vietnamese monolinguals (p < .01) for an estimate of 42%, 

as shown in Table 9.  

The main effect of age suggests that non-English vocabulary increased across 

development at an average rate of 2% per month, and the non-significant age by language 
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group interaction suggests that growth rates between Vietnamese monolinguals and 

Vietnamese-English bilinguals were not significantly different. To summarize, 

Vietnamese-English bilinguals had a lower intercept than Vietnamese monolinguals, but 

the two groups had similar growth rates for Vietnamese vocabulary.  

However, as seen in Table 14, the residual component of the variance remained 

.002 in the conditional model, the same as in the unconditional growth model. This 

suggests that adding the additional predictors, language group and age by language 

group, to the model did not explain any additional variance, and a simpler model with the 

non-significant predictors (i.e., age by language group), removed might provide a better 

estimate of Vietnamese vocabulary development.  

Conceptual Vocabulary. Conceptual vocabulary results are summarized in Table 

6 for each of the five language groups at each of the three time points. When considering 

the raw scores, it is important to note that, as seen in Table 3, the possible number of 

concepts varied among language groups. For instance, it was possible for English and 

Spanish monolinguals to have a total possible conceptual vocabulary of 392, whereas 

Vietnamese monolinguals could have a maximum of 427, Spanish-English bilinguals a 

maximum of 483, and Vietnamese-English bilinguals a maximum of 443. As can be seen 

in Table 6, raw scores and proportions for conceptual vocabulary increased at each time 

point for all five language groups. However, English monolinguals had the highest initial 

scores, followed by Spanish-English, then Spanish, Vietnamese, and Vietnamese-

English. Differences in conceptual vocabulary across age and language group were 

statistically modeled using IGCs, the results of which are included below and provide 

more detailed information about growth parameters. 
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Conceptual Vocabulary IGCs. An unconditional means model was conducted 

that included intercept only, followed by an unconditional growth model that included 

intercept and slope. As can be seen in Table 7 the between-subject variance component 

represented by “Intercept”  increased from .01 in the unconditional means model to .03 in 

the unconditional growth model. However, the within-subject variance component 

represented by “Residual”,  diminished from .02 in the unconditional means model to 

.007 in the unconditional growth model. This suggests that age explains 65% ((02-

.007)/.02), of the explainable variation in conceptual vocabulary.  

Intercept, age, language group, and age by language group were included in the 

conditional model as fixed effects, with intercept and age included as random effects, and 

total conceptual vocabulary proportion as the outcome variable. All five language groups 

were included in the model, but the primary interest was to compare monolinguals and 

bilinguals. Hence, contrasts were performed within the model to test specific hypotheses. 

Results revealed significant main effects of age, F(1,73) = 146.57, p < .001, and language 

group, F(4,50) = 6.81, p =<.001, but no age by language group interaction, F(4,50) = 

2.14, p = .09. As seen in Table 15, the intercept estimate of 86% for the reference group 

(English monolinguals) was significant (p < .001), indicating that the mean of the 

reference group was significantly different from 0 at the initial time point. However, 

since the main effect of language group was significant, the intercepts for conceptual 

vocabulary depended on the particular language group, with all groups having 

significantly lower intercepts than English monolinguals. As presented in Table 9, 

Spanish monolinguals had an intercept of 67%, Spanish-English bilinguals an intercept of 
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72%, Vietnamese monolinguals an intercept of 62%, and Vietnamese-English bilinguals 

an intercept of 59%.  

Contrasts were also performed within the model to test specific a priori 

hypotheses about language group differences in conceptual vocabulary. It was 

hypothesized that monolinguals and bilinguals would not differ on conceptual 

vocabulary, but this hypothesis was only partially supported. As expected, Spanish 

monolinguals and Spanish-English bilinguals did not differ on conceptual vocabulary, 

F(1,50) = 2.65, p = .11, but Vietnamese-English bilinguals had a significantly higher 

conceptual vocabulary than Vietnamese monolinguals F(1,50) = 12.25, p < .001. In 

addition, unexpectedly, English monolinguals had a significantly higher initial conceptual 

vocabulary than either Spanish-English bilinguals, F(1,50) = 4.29, p < .05, or 

Vietnamese-English bilinguals, F(1,50) = 21.28, p < .001.  

The main effect of age suggests that conceptual vocabulary increased across 

development at an average rate of 1% per month in the reference group (English 

monolinguals). The non-significant age by language group interaction suggests that 

growth rates across language groups were not significantly different. In summary, 

language groups had different intercepts, but similar growth rates, for conceptual 

vocabulary. However, as seen in Table 15, the value of the residual component of the 

variance remained .007 in the conditional model, the same as in the unconditional growth 

model. This suggests that adding the additional predictors, language group and age by 

language group, to the model did not explain any additional variance, and a simpler 

model with the non-significant predictors (i.e., age by language group), removed might 

provide a better estimate of conceptual vocabulary development. These intercept and 
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slope variances for the conditional models are also reported in Table 12, along with the 

correlation and covariance estimates. The significant negative covariance estimate 

indicates there is a relationship between the intercept and slope; specifically individuals 

with higher initial conceptual vocabulary scores have a slightly slower growth rate, and 

vice versa. 

Translation Equivalents 

Results for TEs are summarized in Table 16 for both of the bilingual language 

groups at each of the three time points. Scores are displayed by lexical category in 

separate rows. When considering the raw scores, it is important to note that, as seen in 

Table 3, the number of possible TEs varied between language groups: Spanish-English 

had a maximum of 307 total, while Vietnamese-English had a maximum of 376 total. As 

can be seen in Table 16, raw scores and proportions for TEs increased at each time point 

for both bilingual language groups, and for all lexical categories. Spanish-English 

bilinguals had a greater proportion of TEs than Vietnamese-English initially, but TE 

growth in the Spanish-English group seemed to stall for verbs and adjectives between 

time 1 and time 2. These potential patterns of development of TEs were statistically 

modeled using two IGC models, the results of which are included below and provide 

more detailed information about growth parameters. 

TE IGC without Lexical Category. An unconditional means model that 

included intercept only was considered, followed by an unconditional growth model that 

included intercept and slope. As can be seen in Table 7 the between-subject variance 

component represented by “Intercept” was .02 in both the unconditional means model 

and the unconditional growth model. However, the within-subject variance component 
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represented by “Residual”, diminished from .01 in the unconditional means model to .003 

in the unconditional growth model. This suggests that age explains 85% ((02-.003)/.02), 

of the explainable variation in TE development. As seen in Table 17, the residual 

component of the variance remained .003 in the conditional model, the same as in the 

unconditional growth model. This suggests that adding the additional predictors, 

language group and age by language group, to the model did not explain any additional 

variance. 

Intercept, age, language group, and age by language group were included in the 

conditional model as fixed effects, with intercept and age included as random effects, and 

total TE proportion as the outcome variable. Since the three monolingual groups did not 

have TE scores, the model only included the two bilingual groups. Results revealed 

significant effects of age, F(1,47) = 31.55, p < .001, language group, F(1, 30) = 4.94, p < 

.05, and age by language group F(1,47) = 6.79, p < .05. As seen in Table 17, the intercept 

estimate for the reference group (Spanish-English bilinguals) was significant (p < .001), 

indicating that the mean of the reference group was significantly different from 0 at the 

initial time point. However, the significant main effect of language group suggests that 

Spanish-English and Vietnamese-English bilinguals had significantly different intercepts 

for TEs, with an intercept of 39% in the reference group (Spanish-English bilinguals), 

and an intercept of 27% in the Vietnamese-English bilinguals.  

The main effect of age suggests that TEs increased across development, but the 

age by language group interaction suggests that the two bilingual groups had different 

slopes, with the Vietnamese-English bilinguals having a slightly faster rate of growth. As 

presented in Table 10, Spanish-English bilinguals had an intercept of 39% and a slope of 
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1%, whereas Vietnamese-English bilinguals had an intercept of 27% and a slope of 2%. 

In other words, the Vietnamese-English bilinguals had a lower proportion of TEs 

initially, but increased at a faster rate.  

TE IGC with Lexical Category. An unconditional means model that included 

intercept only was tested, followed by an unconditional growth model that included 

intercept and slope. As can be seen in Table 7 the between-subject variance component 

represented by “Intercept” increased from .02 in the unconditional means model to .03 in 

the unconditional growth model. However, the within-subject variance component 

represented by “Residual”,  diminished from .02 in the unconditional means model to .01 

in the unconditional growth model. This suggests that age explains 50% ((02-.01)/.02), of 

the explainable variation in TE vocabulary.  

To investigate TE growth across nouns, verbs, and adjectives, intercept, lexical 

category, language group, age, lexical category by language group, age by lexical 

category, age by language group, and age by language group by lexical category were 

included in the model as fixed effects, and intercept and age were included as random 

effects, with TE proportion as the outcome variable. Results revealed only a significant 

main effect of age, F (1, 201) = 24.75, p < .001, and a significant interaction of age by 

language group, F(1, 201) = 7.02, p < .01. As seen in Table 18, the intercept estimate of 

34%  for the reference group (adjectives, Spanish-English bilinguals) was significant (p < 

.001), indicating that the mean of the reference group was significantly different from 0 at 

the initial time point. The main effect of lexical category was not significant, but the 

intercept for nouns was significantly higher than the intercept for adjectives by 9% (p < 

.01). This suggests that in general, children are not more likely to know a greater 
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proportion of TEs for one lexical category than another. TE intercepts do not significantly 

vary among nouns, verbs, and adjectives. Verbs and adjectives may be less prevalent 

overall in a child’s general vocabulary, but once the word is known in one language, a TE 

is just as likely to be learned for a verb or adjective as it is for a noun.  

In addition, there was no main effect of language group, nor interaction of 

language group by lexical category, nor three-way interaction of language group by age 

by lexical category. This suggests that TE development in nouns, verbs, and adjectives 

was not significantly different between the two bilingual language groups. However, 

similar to the TE model discussed above, the age by language group interaction suggests 

that TEs increased across development at different rates in the two bilingual groups. As 

shown in the summary in Table 10 TEs increased by 0.2-.8% per month in Spanish-

English bilinguals, and 1.4-1.8% per month in Vietnamese-English bilinguals. 

However, as seen in Table 18, the residual component of the variance increased 

from .01 in the unconditional growth model to .02 in the conditional growth model. This 

suggests that adding the additional predictors to the model did not explain any additional 

variance, and a simpler model with the non-significant predictors (i.e., lexical category, 

language group, language group by lexical category, and age by language group by 

lexical category), removed might provide a better estimate of conceptual vocabulary 

development. 

Cognitive Control 

Results for ANT, DCCS, and mean cognitive control are summarized in Table 19 

for all five language groups at each of the three time points. Overall, ANT accuracy and 

RT improved at each time point for all language groups, with the exception of ANT 



 

 53 

accuracy in the Vietnamese monolingual group between time 1 and time 2. ANT was not 

collected at time 0 for the Vietnamese group. The initial scores at time 0 were highest in 

Vietnamese-English bilinguals, followed by Spanish-English, English, and lastly Spanish.  

Overall, DCCS accuracy post-switch increased at each time point for all language 

groups, with the exception of a decrease in the Spanish-English bilingual group between 

time 1 and time 2 (which was also mirrored in their pre-switch accuracy scores). Similar 

to ANT accuracy, the initial DCCS post-switch scores at time 0 were highest in the 

Vietnamese-English group, followed by Spanish-English, English, Vietnamese, and lastly 

Spanish. These patterns of cognitive control development across age and language group 

were statistically modeled using an IGC, the results of which are included below and 

provide more detailed information about growth parameters. 

Cognitive Control IGC. An unconditional means model was conducted that 

included intercept only, followed by an unconditional growth model that included 

intercept and slope. As can be seen in Table 7 the between-subject variance component 

represented by “Intercept”  increased from .01 in the unconditional means model to .03 in 

the unconditional growth model. However, the within-subject variance component 

represented by “Residual”,  diminished from .04 in the unconditional means model to .03 

in the unconditional growth model. This suggests that age explains 25% ((04-.03)/.04), of 

the explainable variation in conceptual vocabulary.  

Intercept, age, language group, and age by language group were included in the 

model as fixed effects, with intercept and age included as random effects, and cognitive 

control as the outcome variable. All five language groups were included in the model, but 

the primary interest was to compare monolinguals and bilinguals, and to compare the two 
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bilingual groups. Hence, contrasts were performed within the model to test specific a 

priori hypotheses. Results revealed significant main effects of age, F (1,154) = 38.49, p < 

.001, and language group, F(4,93) = 8.82, p < .001, but no age by language group 

interaction, F(4,154) = 0.97, p = .42. As seen in Table 20, the intercept estimate of 64% 

for the reference group (English monolinguals) was significant (p < .001), indicating that 

the mean of the reference group was significantly different from 0 at the initial time 

point. However, the main effect of language group suggests that the intercept varied 

depending on language group. Specifically, Spanish monolinguals had an intercept 14% 

lower than English monolinguals (p < .05), and Vietnamese-English bilinguals had an 

intercept 19% higher than English monolinguals (p < .01). Spanish-English bilinguals 

and Vietnamese monolinguals did not significantly differ from English monolinguals on 

cognitive control initially. As presented in Table 17, intercepts were numerically highest 

in Vietnamese-English (83%), followed by Spanish-English (71%), English (64%), 

Spanish (50%), and lastly Vietnamese (56%).  

Contrasts were also performed within the model to test specific a priori 

hypotheses about language group differences in cognitive control. First, it was 

hypothesized that there would be a bilingual advantage for cognitive control. This 

hypothesis was mostly supported. Bilinguals had a significantly higher intercept for 

cognitive control when comparing Spanish-English bilinguals to Spanish monolinguals, 

F(1,93) = 5.34, p < .05, Vietnamese-English bilinguals to Vietnamese monolinguals, 

F(1,93) = 5.22, p < .05, and Vietnamese-English bilinguals to English monolinguals, 

F(1,93) = 9.52, p < .01. However, unexpectedly, Spanish-English bilinguals did not differ 

from English monolinguals on cognitive control at the initial time point, F(1,93) = 3.37, p 
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= .07. It was also hypothesized that the two bilingual language groups might differ on 

cognitive control, but this hypothesis was not supported, F(1,93) = 1.19, p = .28. 

The main effect of age suggests that cognitive control increased across 

development at an average rate of 2% per month in the reference group (English 

monolinguals), and the non-significant age by language group interaction suggests that 

there were no significant differences in growth rate between the language groups. In 

summary, language groups initially differed on cognitive control, especially in favor of a 

bilingual advantage, but then increased at similar rates across development.  

However, as seen in Table 13, the residual component of the variance remained 

.03 in the conditional model, the same as in the unconditional growth model. This 

suggests that adding the additional predictors, language group and age by language 

group, to the model did not explain any additional variance, and a simpler model with the 

non-significant predictors (i.e., age by language group) removed might provide a better 

estimate of cognitive control development. 

Mechanism of Translation Equivalent Learning 

First, an unconditional means model was conducted that included intercept only, 

followed by an unconditional growth model that included intercept and slope. As can be 

seen in Table 7 the between-subject variance component represented by “Intercept” was 

.02 in both the unconditional means model and the unconditional growth model. 

However, the within-subject variance component represented by “Residual”, diminished 

from .01 in the unconditional means model to .003 in the unconditional growth model. 

This suggests that age explains 85% ((02-.003)/.02) of the explainable variation in TE 

development. As seen in Table 21, the residual component of the variance increased 
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slightly from .003 in the unconditional growth model, to .004 in the conditional growth 

model. This suggests that adding the additional predictors, cognitive control and age by 

cognitive control, to the model did not explain any additional variance, and a simpler 

model with the non-significant covariates (i.e., cognitive control), removed might provide 

a better estimate of TE development. 

Results of the conditional model revealed no significant main effects of age, F (1, 

46) = 2.68, p = .11, nor cognitive control, F(1, 46) = 0.15, p = .70, but did reveal a 

significant interaction of age by cognitive control, F(1, 46) = 7.29, p < .01. As seen in 

Table 21 and Table 11, the intercept estimate of 36% was significant (p < .001), 

indicating that the mean of the sample was significantly different from 0 at the initial 

time point. Estimates for the slopes for age, cognitive control, and age by cognitive 

control were -1%, -3%, and 3%, respectively. As hypothesized, cognitive control (as 

measured by ANT and DCCS) may be at least partially responsible for the learning of 

TEs in bilingual preschool children, but this interacts with age or TE learning.  
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Discussion 

The current study addressed a long-standing question regarding how bilinguals 

learn and represent two languages, and made use of well-established methodologies such 

as the MCDI (Fenson et al., 1993), ANT (Fan et al., 2002; Rueda et al., 2004), and DCCS 

(Frye, Zelazo, & Palfai, 1995) along with ICG analyses to examine bilingual vocabulary 

development and explore several predictions regarding the development of TEs and the 

potential role of cognitive control in the learning of TEs. This question was approached 

with two complementary studies. Study 1 examined the longitudinal development of 

vocabulary in monolingual (English, Spanish, Vietnamese) and bilingual (Spanish-

English, Vietnamese-English) preschool children from 3 to 4 years of age, and 

investigated the development of TEs in bilinguals across language group (Spanish-

English, Vietnamese-English) and across lexical category (nouns, verbs, adjectives). 

Study 2 examined the longitudinal development of cognitive control (as measured by the 

ANT and DCCS) in all five language groups, every six months from 3 to 4 years of age, 

and investigated the potential role of cognitive control in the learning of TEs. There were 

four main research findings. 

1) In regard to the development of bilingual vocabulary, it was found that 

preschool children’s English vocabulary, non-English vocabulary, and conceptual 

vocabulary increased across development, and that monolinguals and bilinguals had 

different growth parameters for English vocabulary, Vietnamese vocabulary, and 

conceptual vocabulary, but similar growth parameters for Spanish vocabulary. 

2) TEs were also found to increase across development, but growth parameters 

differed between Spanish-English and Vietnamese-English bilinguals. Spanish-English 
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bilinguals had a larger proportion of TEs initially, but Vietnamese-English bilinguals had 

a significantly faster growth rate.  

3) In regard to cognitive control, an initial bilingual advantage was evident 

between most language groups, the exception being no difference between Spanish-

English bilinguals and English monolinguals. However, contrary to predictions, there 

were no significant differences between the two bilingual language groups. 

4) Cognitive control was found to interact with age in predicting total TEs.  

Vocabulary Development 

The first step of the current study was to examine how bilingual vocabulary 

changes across development, specifically in regard to English, non-English, and 

conceptual vocabulary. Previous research suggests that single language scores tend to 

underestimate bilinguals’ language skills (Umbel, Pearson, Fernandez, & Oller, 1992), 

whereas conceptual vocabulary – which includes all words known exclusively in each 

language, plus TEs – is the most valid measurement of vocabulary size in bilinguals  

When defined by conceptual vocabulary measures, vocabulary size in bilinguals is 

approximately equal to that of monolinguals (Alvarado, 2000; Bialystock, 2001; Oller, 

2005; Pearson, Fernandez, & Oller, 1993). 

Based on this previous literature and pilot data (Woods & Yoshida, 2012), it was 

hypothesized that all bilingual vocabulary scores (i.e., English, non-English, conceptual) 

would gradually increase across development (Hypothesis 1a), with each single language 

score (English and non-English) falling below that of monolinguals (Hypothesis 1b), but 

conceptual vocabulary being approximately equal to that of monolinguals (Hypothesis 

1c). Results supported Hypothesis 1a: children’s English vocabulary, non-English 
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vocabulary, and conceptual vocabulary all increased across development, as evidenced by 

a significant effect of age in each model. However, Hypotheses 1b and 1c were only 

partially supported.  

According to Hypothesis 1b, bilinguals’ single language scores (English and non-

English) were expected to fall below that of monolinguals. English scores were as 

expected, with both bilingual groups having a significantly lower intercept than the 

English monolingual group. However, results for non-English scores were somewhat 

unexpected. It was predicted that, as with English scores, bilinguals would have 

significantly lower non-English scores than their monolingual counterparts. Although this 

pattern held true for Vietnamese vocabulary – Vietnamese monolinguals had significantly 

higher Vietnamese vocabulary scores than the Vietnamese-English bilinguals at the initial 

time point –  Spanish-English bilinguals and Spanish monolinguals showed no 

differences in growth parameters for Spanish vocabulary, as seen in Table 8.  

This unexpected finding of Spanish-English bilinguals having Spanish vocabulary 

scores as high or higher than Spanish monolinguals, when they were expected to have 

lower scores than monolinguals, could be conceptualized in one of two ways: bilinguals 

having higher scores than expected, or monolinguals having lower scores than expected. 

It is possible that even though there were no differences between monolinguals and 

bilinguals on the SES form used in the current study, there could be some kind of cultural 

or socioeconomic effect, with the Spanish-English bilinguals who were living in a large 

metropolitan city in the U.S. having a higher standard of living or better overall cognitive 

or language skills than this particular sample of Spanish monolinguals living in 

Argentina.   
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Alternatively, given that participants were only three years old and not yet in the 

public school system, it is possible that this particular sample of bilinguals was still more 

dominant in their non-English (Spanish) language and thus still functionally similar to 

Spanish monolinguals, yielding higher non-English scores than expected in bilinguals. 

Support for this possibility is provided by Kohnert, Bates, and Hernandez’ (1999) study, 

which found that before the age of seven years, children had a higher proficiency level in 

their native Spanish than in their non-native English, but that sometime between ages 8 

and 13 years, language dominance in early bilinguals shifted from their native language 

to English.  

It was also hypothesized that monolinguals and bilinguals would not differ on 

conceptual vocabulary (Hypothesis 1c). As expected, Spanish monolinguals and Spanish-

English bilinguals did not differ on conceptual vocabulary. However, Vietnamese 

monolinguals had a significantly higher conceptual vocabulary than Vietnamese-English 

bilinguals at the initial time point, and English monolinguals had a significantly higher 

initial conceptual vocabulary than either bilingual language group. Again, there could be 

undetected socioeconomic or cultural confounds that the current SES measure was not 

sensitive to, that place this sample of bilinguals at a disadvantage. Research shows a 

robust relationship between SES and vocabulary development (Fernald, Marchman, & 

Weisleder, 2013; Hoff, 2013; Oller & Eilers, 2002), so it would be plausible to conjecture 

that low SES might partially account for the low vocabulary scores observed in the 

current sample of bilinguals, especially given that they are from immigrant families.  
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Translation Equivalent Development 

The second research question addressed the development of TEs across 

development, across bilingual language groups, and across lexical category. This 

question was investigated in two separate IGC analyses: first with total TEs, then 

considering the three separate lexical categories (nouns, verbs, adjectives). It was 

hypothesized that TEs would increase in number and proportion in bilinguals between 3 

and 4 years of age (Hypothesis 2a), that there would be a similar pattern of development 

of TEs across lexical category (Hypothesis 2b), and that the two bilingual groups would 

have different growth parameters, in the direction of an advantage for Spanish-English 

bilinguals (Hypothesis 2c). All three hypotheses were supported. 

Although previous literature has established that TEs are present in bilinguals’ 

lexicons from an early age, the reported percentage of TEs has varied considerably, from 

a low of 10% to a high of 67%. (Deuchar & Quay, 2000; Holowka et al., 2002; Lanvers, 

1999; Nicoladis, 1998; Nicoladis & Secco, 2000; Pearson et al., 1995; Peña et al., 2002; 

Petitto et al. 2001; Quay, 1995; Umbel et al., 1992; Roberts, & LeDorze, 1997; 

Schelletter, 2005). In addition, only a few studies have examined TEs longitudinally, and 

those that have report various developmental trajectories. Some suggest an increase, 

either rapid (Lanvers, 1999) or gradual (Peña et al., 2002), while others suggest relative 

stability (Pearson et al. 1995), and still others suggest fluctuations (Deuchar & Quay, 

2000) in TEs across development (see Table 1). These inconsistencies are not surprising 

given the small sample size within many TE studies, as well as the various ages, language 

groups, and measures that have previously been used to study TEs. However, it is 

important to understand TEs within the larger picture of development. For instance, are 
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the findings reported in the literature generalizable to all bilinguals? Or are the findings a 

function of the particular ages, language groups, and type of words that were included in 

the study? The current study sought to address these types of questions by systematically 

examining TEs across development (longitudinally between 3 and 4 years of age), across 

two different bilingual language groups (Spanish-English and Vietnamese-English), and 

across lexical category (nouns, verbs, adjectives).  

Table 11 indicates that at the initial time point, when participants were 

approximately 39 months old, bilinguals had TEs for approximately 27-39% of their 

words, depending on their particular bilingual language group, with Spanish-English 

bilinguals having the higher percentage. This finding of 27-39% overlap in bilinguals’ 

vocabulary is similar to the range of TEs reported in previous studies for children of 

similar ages (see Table 1), but the primary question is how do TEs change across 

development?  

TEs Increase Across Development. Although the previously reported 

developmental trajectories of TEs have been highly inconsistent, hypothesis 2a of the 

current study predicted that TEs would increase across development. This hypothesis was 

based on two main findings. Firstly, when the results of the studies from Table 1 were 

plotted together as a function of age (in Figure 1), there appeared to be a possible trend 

for a linear increase in TEs across development. Secondly, a pilot study (Woods & 

Yoshida, 2012) with cross-sectional MCDI data from 90 bilingual children, ages 1 to 6 

years, from various language groups, also supported a similar linear growth of TEs across 

development, as seen in Figure 2. As the results in Table 11 and Table 16 suggest, 

hypothesis 2a was supported; IGCs revealed a significant main of age, suggesting that 
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TEs increased across development between 3 and 4 years of age. This finding of an 

increase in TEs across development is consistent with previous studies that found an 

increase (Lanvers 1999; Peña et al., 2002), and inconsistent with those that reported 

relative stability (Pearson et al.,1995) or fluctuations (Deuchar & Quay, 2000) across 

development. However, the results in the current study also display a more complex 

picture of TE growth. 

TE Growth Differs Across Bilingual Language Groups. As expected, Spanish-

English and Vietnamese-English bilinguals had different growth parameters, both in 

terms of intercept and slope, thus supporting hypothesis 2c. As denoted by the significant 

effect of language group and the significant interaction of age and language group seen in 

Table 11 and Table 16, TEs varied at the initial time point, and increased at significantly 

different rates in the two bilingual language groups. Spanish-English bilinguals started 

out higher initially with an intercept of 39%, but had a slower rate of growth at 1% per 

month. Vietnamese-English bilinguals, on the other hand, had a lower intercept of 27%, 

but increased twice as rapidly at 2% per month.  

This finding that TE growth parameters may differ across language group may 

help explain some of the inconsistencies in the developmental trajectories previously 

reported. For instance, reports of rapid increase in TEs came from a study of German-

English bilinguals (Lanvers, 1999), whereas reports of stable or slight increase were 

based on Spanish-English bilinguals (Pearson et al. 1995; Peña et al., 2002). It is 

interesting to note that Peña et al.’s, (2002) study, which was with older children and a 

different vocabulary measure, reported the slight increase for Spanish-English bilinguals 

to be from 30% at 5 years to 34% at 6.5 years. This growth would be about 4% over 18 
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months, or 0.22% per month, compared to the 1-2% increase per month found in the 

current study. Future studies should consider including a wider age range, and a variety 

of vocabulary measure to tease apart how much of the variability in TEs reported is due 

to the particular language group versus the age of the participants versus the language 

measure. 

The specific finding in the current study that Vietnamese-English bilinguals had a 

more rapid growth rate than Spanish-English bilinguals is particularly interesting given 

that Vietnamese and English have a greater linguistic distance than Spanish and English 

(Chiswick & Miller, 2005; Isphording, & Otten, 2012). While it was hypothesized that 

TE development might differ between the two bilingual groups, the prediction was in the 

opposite direction, assuming that greater linguistic similarity between Spanish and 

English would aid in the learning of TEs. However, the current findings suggest that 

greater linguistic distance may be beneficial for the learning of TEs. This finding is 

somewhat surprising, given previous suggestions that there is greater linguistic transfer 

when the two languages are more similar (Hamada & Koda, 2008; Marian et al., 2007; 

Melby-Lervag & Lervag, 2011; Van der Slik, 2010). However, linguistic transfer may be 

more likely in other domains of language, such as phonological awareness (Branum-

Martin, Tao, Garnaat, Bunta, & Francis, 2012; Melby-Lervag & Lervag, 2011). With the 

exception of Holowka et al.’s (2002) comparison of spoken and signed French bilinguals, 

no known study to date has directly compared TEs in two different bilingual language 

groups. Therefore, there is no precedent in the TE literature with which to compare the 

current findings or to provide support one way or another for the effect of linguistic 

distance on the learning of TE. Given the literature on interference effects in linguistic 
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tasks (Isurin & McDonald, 2001; Yurovsky & Yu, 2008), it is also plausible that greater 

linguistic similarity could cause confusion or interference, thus make the learning of TEs 

more difficult.  

Alternatively, it is possible that the different rates of growth seen in the Spanish-

English and Vietnamese-English bilinguals could be driven by numerous other factors 

besides linguistic distance, including but not limited to: culture, SES, cognitive abilities 

(e.g., cognitive control, working memory), linguistic abilities (e.g., phonological 

awareness, meta-linguistic awareness), and social abilities (e.g., joint attention, 

motivation). In addition, there could be group differences related to the bilingual 

environment, such as the frequency of exposure to each language, or the context in which 

the languages are used. If a bilingual is exposed to one language solely in the home, and 

the other solely in the community, their vocabulary could potentially be very language-

specific compared to a bilingual who is exposed to both languages in the home. For 

example, a bilingual child that is exposed to only one language at home might only learn 

the name of a particular food item in that one language, especially if he/she is never 

exposed to that particular food outside the home. On the other hand, the bilingual child 

who is exposed to both languages at home has a greater chance of being exposed to the 

label in both languages, and therefore could have a greater chance of learning TEs. 

Although both bilingual groups were living in Houston, Texas –  a highly diverse, major 

metropolitan area with a relatively large presence of both Spanish and Vietnamese 

populations – there could be a systematic cultural or societal effect in which Vietnamese-

English parents are more likely to speak both languages in the home, or Spanish-English 

bilinguals are more likely to have context-specific lexical items, that could partially 
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account for the group differences in TE growth rates. Furthermore, since TEs are reported 

as a function of conceptual vocabulary, a slower growth of TEs could be the result of a 

faster growth of non-TE vocabulary. As such, the two bilingual groups may differ in how 

they learn TEs in relation to general vocabulary. 

TE Growth Does Not Differ Across Lexical Category. Given lexical 

differences in the general word learning literature, which suggests nouns are easier to 

acquire than adjectives (Fenson et al., 1994; Gasser, & Smith, 1998; Gentner, 1982; 

Piccin & Waxman, 2007), the development of TEs was investigated across lexical 

category to be able to compare TE development to that of general vocabulary 

development. Differences in TEs across lexical category would suggest that TEs are 

learned via a process similar to general word learning, whereas no differences in TEs 

across lexical category would suggest that TEs are perhaps unique and learned in a 

manner different from that of general word learning. Two known studies have examined 

TE in nouns and verbs (Schelletter, 2005; Pearson, & Fernandez, 1994), but sample sizes 

were not sufficient from which to draw solid conclusions and adjectives were not 

examined. Based on pilot data (Woods & Yoshida, 2012), it was hypothesized that there 

would be a similar pattern of development of TEs across lexical category (Hypothesis 

2b).  

As can be seen in Table 12 and Table 16, results revealed no significant effect of 

lexical category, thus supporting Hypothesis 2b. This finding suggests that TEs do not 

significantly vary among nouns, verbs, and adjectives, and assumes that TEs are learned 

in a manner different from that of general word learning. Therefore, it seems that learning 

a TE is learning a TE, regardless of the type of word. Contrary to the general word 
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learning literature that suggests adjectives are more difficult to acquire than nouns, TEs 

did not appear to be doubly difficult to learn for adjectives. Perhaps learning TEs in 

adjectives is no different from learning any other type of TE. 

Alternatively, since the TEs were reported as a proportion of the child’s 

vocabulary, there were likely still differences in the number of TEs that a child had across 

lexical category. A child could very well have the exact same proportion of TEs in nouns, 

verbs, and adjectives while still possessing numerically more TEs in nouns than in verbs 

of adjectives, especially given that their general lexicon may be noun-heavy. In other 

words, these lexical differences in TEs may have already been built in as a function of the 

child’s general vocabulary development. Furthermore, these lexical differences may have 

already been built in to the language measure; the MCDI has 226 nouns, 103 verbs, 63 

adjectives. It is also a possibility that findings regarding TEs across lexical category 

might vary depending on the particular language group of interest. Although 

experimental studies of children’s novel word extension suggest that nouns are easier to 

learn, even for languages that are more verb-heavy than English, (see Childers & 

Tomasello, 2006; Imai, Haryu, Okada, Lianjing, & Shigematsu, 2006; Kersten, Smith, & 

Yoshida, 2006), it is possible that the bilinguals in the current study had a weaker noun 

bias due to their experience with their non-English language.  

Cognitive Control 

Recent research suggests that due to their experience with learning and using two 

languages, bilinguals have advanced cognitive control (Bialystok et al., 2010; Bialystok 

& Martin, 2004; Bialystok & Viswanathan, 2009; Carlson & Meltzoff, 2008; Kovács & 

Mehler, 2009; Mezzacappa, 2004), which in turn has been shown to play a role in early 
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language learning (Yoshida et al., 2011). Specifically, the most robust findings for these 

bilingual cognitive advantages have been found with tasks that involve attentional control 

(Adesope, et al., 2010; Bialystok, 2001; Bialystok & Martin, 2004; Carlson & Meltzoff, 

2008), such as the ANT (Fan et al., 2002; Rueda et al., 2004).  

However, it is not as clear if particular types of bilingual environments might 

differentially promote this cognitive advantage. There is limited support that would 

suggest it is plausible for the specific languages of bilinguals to influence cognitive 

function differently (Bialystok et al., 2003; Yang & Lust, 2006), but this possibility is 

still relatively unexplored. Study 2 compared cognitive control (as measured by the ANT 

and DCCS) in monolinguals and bilinguals across development, but also between the two 

bilingual language groups: Spanish-English and Vietnamese-English. Based on previous 

literature, it was hypothesized that the bilinguals would have greater cognitive control 

than the monolinguals (Hypothesis 3a), with the possibility of differences in cognitive 

control between the two bilingual groups as well (Hypothesis 3b). 

Bilingual Advantage for Cognitive Control. Results revealed a bilingual 

advantage for cognitive control in certain language groups, thus partially supporting 

Hypothesis 3a. Specifically, these cognitive advantages for bilinguals over monolinguals 

emerged as higher intercepts, when comparing Spanish-English bilinguals to Spanish 

monolinguals, Vietnamese-English bilinguals to Vietnamese monolinguals, and 

Vietnamese-English bilinguals to English monolinguals. These findings of bilingual 

cognitive advantages are in line with previous developmental research that has found a 

bilingual advantage for children on ANT (Kapa & Columbo, 2010; Yang & Lust, 2005) 

and DCCS (see Carlson & Meltzoff, 2008 for a review). However, unexpectedly, no such 
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differences were found between Spanish-English bilinguals and English monolinguals. 

Mirroing the unexpectedly low conceptual vocabulary for Spanish-English bilinguals, the 

lack of a bilingual cognitive advantage for the Spanish-English bilinguals could be due to 

undetected socioeconomic or cultural confounds to which the current SES measure was 

not sensitive. Given the task-specific nature of bilingual advantages reported in previous 

literature, it is plausible that bilingual advantages may be specific to certain language 

populations, which could exclude Spanish-English bilinguals. In addition, research in our 

lab suggests that there may be cultural variability in performance on certain executive 

function tasks (Arredondo, Tran, & Yoshida, 2011; Tran, Arredondo, & Yoshida, 2009; 

Tran & Yoshida, 2010). 

In addition to the differences expected between monolinguals and bilinguals, it 

was also hypothesized that Spanish-English and Vietnamese-English bilinguals might 

differ on cognitive control due to their various degrees of linguistic distance. However, 

there were no significant differences between the two bilingual language groups on 

cognitive control, thus failing to support Hypothesis 3b. It remains a possibility that 

certain factors in bilingual language environments – besides the specific languages being 

spoken and their linguistic distance – might differentially promote cognitive control. For 

instance, bilinguals who have more balanced proficiency in their two languages could 

have greater cognitive control due to more extensive shifting back and forth between 

their two languages on a regular basis, or the potentially greater cognitive demands 

required to inhibit the well-known alternate language. Future studies should consider this 

possibility. 
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Mechanism of Translation Equivalent Learning 

While the above results on cognitive control and the development of TE across 

lexical category demonstrate that bilinguals may have advanced cognitive control, and 

that TE learning may be a unique form of word learning, it is still not clear what 

mechanism is driving TE learning, and what role if any cognitive control might play in 

this process. Previous research in our lab (Yoshida et al., 2011) suggests that attention 

predicts novel adjective learning, one type of competitive word learning in which there 

are two labels for one object (the first label being the already known noun, the second 

label being the novel adjective). Therefore, it was hypothesized that cognitive control 

would predict TE growth (Hypothesis 4).  

As seen in Table 14 and Table 17, Hypothesis 4 was supported; the interaction of 

cognitive control with age was a significant predictor in the growth model for total 

proportion of TEs. Children with higher cognitive control slopes also have higher age 

(TE) slopes. This finding suggests that certain aspects of cognitive control (measured by 

ANT and DCCS) may be at least partially responsible for the learning of TEs. However, 

it remains a possibility that there could be a bidirectional relationship between TEs and 

cognitive control, or the opposite direction of the effect could be true, with TEs 

predicting cognitive control. Future studies should consider this possibility further, as 

well as continue to investigate other potential predictors of TE growth. As evidenced by 

the IGC models in the current study, there seem to be considerable individual differences 

in the development of vocabulary, TEs, and cognitive control, and considerable 

unexplained variance in the current study that merit further investigation.  
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Limitations 

 The current study provides a much needed step forward in understanding the 

development of vocabulary, TEs, and cognitive control by utilizing a longitudinal design 

and IGC modeling. However, it still only provides a snapshot of the larger picture of 

development, and data were only collected at three time points over the course of a year, 

with preschool children, many of whom were from immigrant families. Therefore, it is 

not clear how generalizable the current findings would be to other age groups or language 

groups. Future longitudinal studies should extend the current study by investigating a 

broader range of development, ideally with more than three waves of data collection, as 

additional data points would allow for better estimates of individual growth. In addition, 

given the current findings of differences between language groups, researchers should 

exercise caution in grouping all monolinguals and all bilinguals together. Future studies 

should specifically consider investigating potential cognitive and linguistic differences 

between various language groups, especially in groups that are typically under-

represented in language research. Including additional non-Indo-European language 

groups and comparing two non-English languages in particular has the potential to 

address interesting questions about cross-linguistic transfer in TEs. 

 The current study utilized the MCDI because it was well suited for the specific 

research questions at hand regarding TEs in bilingual preschool children. However, it is 

not clear how generalizable the current findings would be to other language measures. 

Although quite comprehensive, the MCDI is limited to a finite set of words based on 

parent report of productive vocabulary. Investigating TEs in natural language samples 

could provide a great supplement to the current study. In addition, the MCDI was not 
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normed for bilingual populations, and a standardized form was not available for 

Vietnamese. These facts highlight the great need for bilingual norms in general, as well 

as on the MCDI in particular.  

Conclusion 

The current study utilized well-established methodologies such as the MCDI 

(Fenson et al., 1993), ANT (Fan et al., 2002; Rueda et al., 2004), and DCCS (Frye, 

Zelazo, & Palfai, 1995) along with ICG analyses to examine bilingual vocabulary and 

explore several predictions regarding the development of TEs and the potential role of 

cognitive control in the learning of TEs. The current study was the first study of TEs to 

our knowledge to include a bilingual language group with a non-Indo-European 

language, such as Vietnamese. The inclusion of the Vietnamese-English bilingual group 

in the current study was crucial not only because it allows findings about TEs to be more 

generalizable to different types of languages, but also because the inclusion in the current 

study allowed for the comparison of TE growth in two different language groups, and 

highlighted potential differences within bilingual populations that need to be considered 

in future studies.  

In addition, the current study was the first known study to systematically examine 

the developmental nature of TEs across lexical category. Although no significant 

differences in TEs were found across lexical category, this finding still provides insight 

into the mechanism of TE learning, and highlights the possibility that TE learning may be 

a unique process, different from general word learning. Furthermore, the current study 

was the first to investigate the potential role of cognitive control for the learning of TEs. 

In addition to providing insight into bilingual language acquisition in particular, the 
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current study’s findings have the potential to inform theories of word learning and 

cognitive development in general, and may prove relevant for educators and clinicians as 

well, since early productive vocabulary often serves as a foundation for other linguistic 

(Bassano, Maillochon, & Eme, 1998; Kirk & Pisoni, 2000), cognitive, and academic 

skills (Pearson, 1998). 
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Table 1. Meta-Analysis of TE Literature 

Study N Age Language Measure Overlap 

Umbel, Pearson, Fernandez & 
Oller, 1992 105 5 - 6 yr. Spanish-English PPVT-R 59-67% 

Pena, Bedore, & Zlatic-Giunta, 
2002 44 4.5 - 7 yr. Spanish-English Category Generation 30-34% 

Roberts & Le Dorze, 1997 40 adults French-English Category Generation 45-60% 

Pearson, Fernandez, & Oller, 
1995 27 8 mo - 2.5 yr. Spanish-English MCDI 30% 

Holowka, Brousseau-Lapre & 
Petitto, 2002 6 7 mo - 2 yr. French-English & 

French-LSQ MCDI + Video 27-29% 

Schelletter, 2005 1 2 - 3 yr. German-English Spontaneous 
Language Sample 42-58% 

Lanvers, 1999 1 0 - 3 yr. German-English Vocabulary Diary 20-25% 

Nicoladis & Secco, 2000 1 1 - 1.5 yr. Portuguese-English Spontaneous 
Language Sample 20-25% 

Deuchar & Quay, 2000 1 6 mo - 7 yr. Spanish-English Vocabulary 
Diary,Video 10-67% 
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Table 2. Description of the Sample 

Language Status Language Group Variable Time 0 Time 1 Time 2 

N (females) 20 (8) 13 (4) 12 (4) 
English M age in months 

(SD) 38.88 (2.89) 44.58 (2.25) 51.05 (2.42) 

N (females) 20 (10) 20 (10) 19 (9) 
Spanish M age in months 

(SD) 38.31 (4.80) 45.11 (4.84) 50.21 (4.96) 

N (females) 20 (15) 20 (15) 20 (15) 

Monolingual 

Vietnamese 
M age in months 

(SD) 38.08 (3.63) 44.56 (3.62) 50.53 (3.63) 

N (females) 17 (8) 14 (6) 13 (6) 
Spanish-English M age in months 

(SD) 39.61 (2.97) 46.18 (2.86) 52.29 (2.93) 

N (females) 21 (9) 16 (8) 14 (7) 
Bilingual 

Vietnamese-English M age in months 
(SD) 39.80 (3.11) 46.72 (3.26) 54.13 (3.66) 
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Table 3. Number of MCDI Items by Language and Lexical Category 

Language Form Vocabulary Construct 
Nouns Verbs Adjectives Total 

English Overall 226 103 63 392 

Overall 226 103 63 392 

TE 186 69 52 307 

Conceptual 269 136 78 483 
Spanish 

Combined 455 205 130 790 

Overall 261 103 63 427 

TE 210 103 63 376 

Conceptual 277 103 63 443 
Vietnamese 

Combined 487 206 126 819 
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Table 4. Cross-Language Correlations in Bilinguals 
  Time 0 Time 1 Time 2 

  Engl Non-Eng Concept TE Eng Non-
Eng Concept TE Eng Non-Eng Concept TE 

Eng 1.00 0.19 0.71*** 0.58*** 0.88*** -0.18 0.43* 0.39* 0.71*** -0.14 0.41* 0.10 

Non-Eng  1.00 0.67*** 0.46** 0.05 0.91*** 0.56** 0.49* -0.01 0.85*** 0.56** 0.49* 

Concept.   1.00 0.42* 0.69*** 0.29 0.79*** 0.36 0.51* 0.28 0.71** 0.21 
Time 0 

TEs    1.00 0.56** 0.43* 0.34 0.85*** 0.46* 0.46* 0.43* 0.59** 

Eng     1.00 -0.03 0.66*** 0.52** 0.79*** -0.09 0.50* 0.29 

Non-Eng      1.00 0.5** 0.51** -0.17 0.93*** 0.48* 0.55** 

Concept       1.00 0.40* 0.38 0.49* 0.80*** 0.44* 
Time 1 

TEs        1.00 0.45* 0.52* 0.47* 0.77*** 

Engl.         1.00 -0.02 0.65*** 0.53** 

Non-Eng          1.00 0.62** 0.66*** 

Concept           1.00 0.66*** 

Time 2 

TEs            1.00 

 
*p <.05, **p <.01, ***p <.001
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Table 5. Correlation Matrix of Cognitive and Language Measures (continued on next page) 
  Time 0 Time 1 

  ANT 
Acc 

DCCS 
Post 
Acc 

Eng Non-Eng Concept TEs ANT 
Acc 

DCCS 
Post Acc Eng 

Non- 
Eng 

Concept TEs 

ANT Acc 1.00 0.27* -0.12 -0.13 0.08 -0.09 0.42** 0.22 -0.15 -0.23 0.03 -0.13 

DCCS Post Acc  1.00 -0.23 -0.23 -0.07 -0.28 0.26* 0.21 -0.43** -0.43** -0.26 -0.44* 

Eng   1.00 0.19 0.83*** 0.58*** 0.11 -0.16 0.85*** -0.18 0.53*** 0.39* 

Non-Eng    1.00 0.76*** 0.46** -0.16 0.01 0.05 0.80*** 0.55*** 0.49* 

Concept     1.00 0.42* 0.12 0.10 0.63*** 0.27 0.62*** 0.36 

Time 0 

TEs      1.00 0.04 0.24 0.56** 0.43* 0.34 0.85*** 

ANT Acc       1.00 0.38** 0.22 -0.14 0.23 0.21 

DCCS Post Acc        1.00 -0.15 0.01 0.06 0.26 

Eng         1.00 -0.03 0.76*** 0.52** 

Non-Eng          1.00 0.66*** 0.51** 

Concept           1.00 0.40* 

Time 1 

TEs            1.00 

 
*p <.05, **p <.01, ***p <.001



 

 80 

Table 5. Correlation Matrix of Cognitive and Language Measures (continued) 
  Time 2 

  ANT Acc DCCS Post 
Acc 

Eng Non-Eng Concept TEs 

ANT Acc 0.48*** 0.31* -0.21 -0.25 -0.05 -0.25 

DCCS Post Acc 0.26* 0.16 -0.40* -0.33** -0.14 -0.36 

Eng -0.02 -0.03 0.72*** -0.14 0.51** 0.10 

Non-Eng -0.02 
 

-0.05 -0.01 0.74*** 0.50*** 0.49* 

Concept 0.22 0.18 0.51* 0.30* 0.59*** 0.21 

Time 
0 

TEs -0.18 -0.11 0.46* 0.46* 0.43* 0.59** 

ANT Acc 0.38*** 0.36** 0.12 -0.09 0.16 0.08 

DCCS Post Acc 0.31* 0.40*** -0.28 0.00 0.03 0.25 

Eng 0.07 0.03 0.84*** -0.09 0.63*** 0.29 

Non-Eng 0.02 -0.14 -0.17 0.92*** 0.60*** 0.55* 

Concept 0.27* 0.12 0.53* 0.52*** 0.84*** 0.44* 

Time 
1 

TEs 0.13 0.01 0.44* 0.52* 0.47* 0.77*** 

ANT Acc 1.00 0.37*** 0.16 0.04 0.32* 0.22 

DCCS Post Acc  1.00 0.14 -0.07 0.16 0.21 

Eng   1.00 -0.02 0.73*** 0.53* 

Non-Eng    1.00 0.69*** 0.66*** 

Concept     1.00 0.66*** 

Time 
2 

TEs      1.00 

*p <.05, **p <.01, ***p <.001
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Table 6. Vocabulary Scores 

  English Non-English Conceptual 

Language 
Group Variable Time 0 Time 1 Time 2 Time 0 Time 1 Time 2 Time 0 Time 1 Time 2 

Raw 
Score 

333.33 
(66.38) 

362.00 
(53.33) 

384.00 
(18.48)    333.33 

(66.38) 
362.00 
(53.33) 

384.00 
(18.48) English 

Proportion .85  
(.17) 

.96 
(.07) 

.98  
(.05)    .85  

(.17) 
.96 

(.07) 
.98 

(.05) 
Raw 
Score    249.11 

(78.19) 
324.50 
(60.97) 

355.95 
(46.92) 

249.11 
(78.19) 

324.50 
(60.97) 

355.95 
(46.92) Spanish 

Proportion    .64  
(.20) 

.93  
(.16) 

.91  
(.12) 

.64  
(.20) 

.93 
(.16) 

.92 
(.12) 

Raw 
Score    261.00 

(62.12) NA 342.16 
(43.90) 

261.00 
(62.12) NA 342.16 

(43.90) Vietnamese 
Proportion    .61  

(.15) NA .80  
(.10) 

.61  
(.15) NA .80 

(.10) 
Raw 
Score 

259.41 
(87.98) 

282.79 
(97.16) 

313.77 
(92.77) 

253.59 
(100.58) 

283.07 
(104.11) 

311.46 
(113.15) 

346.33 
(67.85) 

386.71 
(73.26) 

420.46 
(59.08) Spanish-

English Proportion .63 
(.22) 

.71 
(.24) 

.78  
(.23) 

.65  
(.26) 

.73  
(.27) 

.80  
(.29) 

.72  
(.14) 

.80 
(.15) 

.87 
(.12) 

Raw 
Score 

160.53 
(118.53) 

251.75 
(111.15) 

278.82 
(103.90) 

173.53 
(88.25) 

261.25 
(86.37) 

291.82 
(93.68) 

256.13 
(104.56) 

359.08 
(62.40) 

379.64 
(52.43) Vietnamese-

English Proportion .41  
(.30) 

.64  
(.28) 

.71  
(.27) 

.41  
(.21) 

.61  
(.20) 

.68  
(.22) 

.58  
(.24) 

.81 
(.14) 

.86 
(.12) 
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Table 7. Unconditional Model Estimates 
  Unconditional Means Model Unconditional Growth Model 

y Random 
Effect 

Variance 
Component SE Z p Variance 

Component SE Z p 

Intercept 0.06 0.01 4.13 <.001 .09 .02 4.62 <.001 
Slope     .0001 .00 2.79 <.01 English 
Residual 0.02 0.00 5.97 <.001 .007 .00 4.28 <.001 

Intercept 0.03 0.01 3.28 <.001 .04 .01 3.60 <.001 
Slope     .0001 .00 1.81 <.05 Spanish 

Residual 0.02 0.00 5.75 <.001 .007 .00 3.85 <.001 
Intercept 0.03 0.01 2.86 <.01 .04 .01 3.96 <.001 
Slope     .0001 .00 2.39 <.01 Vietnamese 
Residual 0.02 0.00 4.40 <.001 .002 .00 2.20 <.01 
Intercept 0.01 0.00 3.61 <.001 .03 .01 5.25 <.001 
Slope     .0001 .00 2.01 <.05 Conceptual 
Residual 0.02 0.00 7.84 <.001 .007 .00 4.40 <.001 
Intercept 0.02 0.01 3.55 <.001 .03 .01 3.20 <.001 
Slope     .0001 .00 2.40 <.01 TEs 
Residual 0.02 0.00 10.28 <.001 .01 .00 9.63 <.001 

Intercept 0.02 0.01 3.55 <.001 .03 .01 3.20 <.001 

Slope     .0001 .00 2.40 <.01 
TEs by 
LexCat 

Residual 0.02 0.00 10.28 <.001 .01 .00 9.63 <.001 
Intercept 0.01 0.01 3.22 <.001 .03 .01 3.36 <.001 
Slope     .0001 .00 1.40 .08 CogControl 
Residual 0.04 0.00 9.09 <.001 .03 .00 7.17 <.001 

Intercept 0.02 0.01 3.10 <.001 .02 .01 3.17 <.001 

Slope     .0001 .00 2.15 <.05 
CogControl 
& TEs 

Residual 0.01 0.00 5.01 <.001 .003 .00 3.39 <.001 
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Table 8. English Vocabulary: IGC Model Results 

Fixed Effect 
Parameter 
Estimate SE df t p 

Intercept 0.86 0.06 49 15.27 <.001 
LanguageGroup      

VE - 0.46 0.08 49 - 5.67 <.001 
SE - 0.23 0.08 49 -2.81 <.01 

Age 0.01 0.00 69 2.96 <.01 
Age x LanguageGroup      

VE 0.01 0.01 69 1.65 .10 
SE - 0.0005 0.01 69 - 0.09 .93 

      

Random Effect Variance 
Component SE  Z p 

Intercept 0.05 0.01  4.11 <.001 

Slope 0.0001 0.00  2.47 <.001 

Residual 0.01 0.00  4.14 <.001 

Note. Reference group = English



 

 84 

Table 9. Summary: Vocabulary Conditional Model Estimates 

y Lang Group Intercept Slope 
  Estimate SE df t p Estimate SE df t p 

Eng Vocab            

 E 0.861 0.06 49 15.27 <.001 0.011 0.00 69 2.96 <.01 

 SE 0.632 0.08 49 -2.81 <0.01 0.011 0.01 69 - 0.09 .93 

 VE 0.403 0.08 49 - 5.67 <.001 0.011 0.01 69 1.65 .10 

Span Vocab            

 S 0.661 0.05 35 13.26 <.001 0.021 0.00 63 7.02 <.001 

 SE 0.641 0.07 35 -0.22 0.82 0.011 0.00 63 -1.80 .08 

Viet Vocab            

 V 0.621 0.04 35 14.55 <.001 0.021 0.00 39 6.93 <.001 

 VE 0.422 0.06 35 -3.25 <0.01 0.021 0.00 39 0.59 .56 

Concept Vocab            

 E 0.861 0.04 84 21.38 <.001 0.011 0.00 73 3.83 <.001 

 S 0.672 0.06 50 -3.50 <0.001 0.0012 0.00 50 2.21 <.05 

 SE 0.722 0.06 50 -2.38 <0.05 0.0011 0.00 50 -0.05 .96 

 V 0.623 0.06 50 -4.25 <.001 0.0071 0.00 50 0.72 .48 

 VE 0.594 0.06 50 -4.61 <.001 0.001 0.00 50 1.74 .09 
Note. Superscripts indicate which groups are significantly different from each other. 
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Table 10. Summary: TE Conditional Model Estimates 
 

y Lang Group Lex Cat Intercept Slope 

   Estimate SE df t p Estimate SE df t p 

TE             

 SE Total 0.391 0.04 30 9.97 <.001 0.011 0.00 47 2.16 <.05 

 VE Total 0.272 0.05 30 -2.22 <.05 0.022 0.00 47 2.61 <.05 

             

TE  
(by Lex Cat) 

 

           

 SE Nouns 0.432 0.04 60 2.64 <.01 0.0081 0.00 201 -1.00 .32 

 SE Verbs 0.341 0.04 60 0.01 .99 0.0021 0.00 201 -1.00 .32 

 SE Adjs 0.341 0.05 30 6.76 <.001 0.0061 0.00 201 1.54 .13 

 VE Nouns 0.271 0.05 60 -1.88 .06 0.0141 0.01 201 -0.83 .41 

 VE Verbs 0.251 0.05 60 -0.36 .72 0.0181 0.01 201 1.11 .27 

 VE Adjs 0.271 0.04 60 0.01 .99 0.0161 0.00 201 1.54 .13 

Note. Superscripts indicate which groups are significantly different from each other. 
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Table 11. Summary: Cognitive Control Conditional Model Estimates 

y Lang Group Intercept Slope 

  Estimate SE df t p Estimate SE df t p 

Cognitive 
Control            

 E 0.641 0.04 93 14.83 <.001 0.021 0.01 154 3.50 <.001 

 S 0.502 0.06 93 -2.28 .02 0.021 0.01 154 -0.16 .87 

 SE 0.711 0.066 93 1.09 .28 0.011 0.01 154 -1.16 .25 

 V 0.561 0.06 93 -1.27 .21 0.011 0.01 154 -0.90 .37 

 VE 0.833 0.06 93 3.09 <.01 0.011 0.01 154 -1.55 .12 

            

TE Variable           

 constant 0.36 0.07 31 4.85 <.001 -0.01 0.01 46 -1.64 .11 

 cognitive 
control -0.03 0.09 46 -0.38 .70 0.03 0.01 46 2.70 <.01 

Note. Superscripts indicate which groups are significantly different from each other. 
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Table 12. Variances, Covariances, and Correlations for Conditional Models 
 

Variable Intercept Slope 
 

Variable Intercept Slope 

English 
Vocabulary   

 
TEs   

Intercept .05*** - .56 
 

Intercept .02* - .2234 

Slope - .001* .0001** 
 

Slope - .0002 .00005* 

Spanish 
Vocabulary   

 TEs by 
LexCat   

Intercept .04** - .32 
 

Intercept .03** - .29 

Slope - .0007 .0001* 
 

Slope - .0004 .0001* 

Vietnamese 
Vocabulary   

 
Cog 
Control   

Intercept .03*** - .63 
 

Intercept .01* - .83 

Slope - .0009* .0001** 
 

Slope - .0001 .0001 

Conceptual 
Vocabulary   

 Cog 
Control  
& TEs 

  

Intercept .02*** - .8738 
 

Intercept .02* - .26 

Slope - .0009* .0001* 
 

Slope - .0002 .00001 

Note. Each measure has a 2 x 2 matrix of intercept and slope estimates, with variances on 
the diagonal, covariance (of intercept and slope) below the diagonal, and correlations in 
italics above the diagonal. Estimates are from the full conditional models with random 
intercepts and slopes. These variances on the diagonal are also presented under random 
effects within the tables that separately display results for each IGC model. 
*p <.05, **p <.01, ***p <.001
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Table 13. Spanish Vocabulary: IGC Model Results 

Fixed Effect 
Parameter 
Estimate SE df t p 

Intercept 0.66 0.05 35 13.26 <.001 

LanguageGroup      

SE -0.02 0.07 35 -0.22 .82 

Age 0.02 0.00 63 7.02 <.001 

Age x LanguageGroup      

SE -0.01 0.00 63 -1.80 .08 

      

Random Effect Variance 
Component SE  Z p 

Intercept 0.04 0.01  3.57 <.001 

Slope 0.0001 0.00  1.74 <.05 

Residual 0.01 0.00  3.89 <.001 

Note. Reference group = Spanish 
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Table 14. Vietnamese Vocabulary: IGC Model Results 

Fixed Effect 
Parameter 
Estimate SE df t p 

Intercept 0.62 0.04 35 14.55 <.001 

LanguageGroup      

VE -0.20 0.06 35 -3.25 <.01 

Age 0.02 0.00 39 6.93 <.001 

Age x LanguageGroup      

VE 0.002 0.00 39 0.59 0.56 

      

Random Effect Variance 
Component SE  Z p 

Intercept 0.03 0.01  3.70 <.001 

Slope 0.00006 0.00  2.34 <.01 

Residual 0.002 0.00  2.18 <.05 

Note. Reference group = Vietnamese 
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Table 15. Conceptual Vocabulary: IGC Model Results 

Fixed Effect 
Parameter 
Estimate SE df t p 

Intercept 0.86 0.04 84 21.38 <.001 

LanguageGroup      

VE -0.27 0.06 50 -4.61 <.001 

V -0.24 0.06 50 -4.25 <.001 

SE -0.14 0.06 50 -2.38 <.05 

S -0.19 0.06 50 -3.50 <.001 

Age 0.01 0.00 73 3.83 <.001 

Age x LanguageGroup      

VE 0.01 0.00 50 1.74 .09 

V 0.003 0.00 50 0.72 .48 

SE -0.0002 0.00 50 -0.05 .96 

S 0.009 0.00 50 2.21 <.05 
      

Random Effect Variance 
Component SE  Z p 

Intercept 0.02 0.00  4.72 <.001 

Slope 0.00005 0.00  1.81 <.05 

Residual 0.007 0.00  4.70 <.001 

Note. Reference group = English 
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Table 16. TE Scores 

Language Group Word Type Variable Time 0 Time 1 Time 2 

Raw Score 137.80  
(75.66) 

179.14  
(84.17) 

204.77  
(92.98) 

Total 
Proportion .39  

(.15) 
.45  

(.16) 
.47  

(.18) 

Raw Score 85.33  
(42.22) 

110.50 ( 
46.92) 

129.08  
(50.41) 

Nouns 
Proportion .43  

(.15) 
.50  

(.16) 
.53  

(.17) 

Raw Score 34.07  
22.03) 

42.43  
(24.80) 

46.08  
(28.03) 

Verbs 
Proportion .33  

(.17) 
.37  

(.17) 
.37  

(.20) 

Raw Score 18.40  
(15.05) 

26.21  
(15.74) 

29.62  
(18.48) 

Spanish-English 

Adjectives 
Proportion .32  

(.20) 
.41  

(.18) 
.42  

(.22) 

Raw Score 73.63  
(48.34) 

148.42  
(79.73) 

191.00  
(86.39) 

Total 
Proportion .28  

(.11) 
.40  

(.18) 
.49  

(.17) 

Raw Score 42.88  
(22.32) 

85.67  
(34.46) 

110.09  
(44.28) 

Nouns 
Proportion .27  

(.09) 
.39  

(.13) 
.47  

(.12) 

Raw Score 20.00  
(24.32) 

39.58  
(30.28) 

51.09  
(29.33) 

Verbs 
Proportion .25  

(.23) 
.42  

(.28) 
.53  

(.27) 

Raw Score 10.75  
(11.96) 

23.17  
(17.87) 

29.82  
(19.67) 

Vietnamese-
English 

Adjectives 
Proportion .27  

(.20) 
.43  

(.28) 
.51  

(.31) 
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Table 17. TEs: IGC Model Results 

Fixed Effect 
Parameter 
Estimate SE df t p 

Intercept 0.39 0.04 30 9.97 <.001 

LanguageGroup      

VE -0.12 0.05 30 -2.22 <.05 

Age 0.01 0.00 47 2.16 <.05 

Age x LanguageGroup      

VE 0.01 0.00 47 2.61 <.05 

      

Random Effect Variance 
Component SE  Z p 

Intercept 0.02 0.01  3.00 <.001 

Slope 0.00005 0.00  1.68 <.05 

Residual 0.003 0.00  3.32 <.001 

Note. Reference group = Spanish-English 
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Table 18. TEs by Lexical Category: IGC Model Results 
 

Fixed Effect Parameter 
Estimate SE df t p 

Intercept 0.34 0.05 30 6.76 <.001 
LexicalCategory      

N 0.09 0.04 60 2.64 <.01 

V 0.0005 0.04 60 0.01 .99 
LanguageGroup      

VE -0.07 0.07 30 -1.04 .31 
LanguageGroup x LexicalCategory      

VE, N -0.09 0.05 60 -1.88 .06 

VE, V -0.02 0.05 60 -0.36 .72 

Age 0.006 0.00 201 1.54 .13 
Age x LexicalCategory      

N 0.002 0.00 201 0.40 .69 

V -0.004 0.00 201 -1.00 .32 

Age x LanguageGroup      

VE 0.01 0.01 201 2.06 <.05 
Age x LanguageGroup x LexicalCategory      

VE, N -0.004 0.01 201 -0.83 .41 

VE, V 0.006 0.01 201 1.11 .27 
      

Random Effect Variance 
Component SE  Z p 

Intercept 0.03 0.01  3.20 <.001 

Slope 0.00007 0.00  2.22 <.01 

Residual 0.02 0.00  9.40 <.001 

Note. Reference Language Group = Spanish-English, Lexical Category = Adjectives
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Table 19. Cognitive Control Scores 

 ANT DCCS Cognitive Control 

Lang Group Variable Time 0 Time 1 Time 2 Variable Time 0 Time 1 Time 2 Time 0 Time 1 Time 2 

Accuracy .62  
(.21) 

.79  
(.23) 

.86  
(.13) Post .62  

(.23) 
.82 

(.19) 
.83  

(.16) 
.61 

(.23) 
.80 

(.14) 
.84 

(.13) 
English 

RT 3439.90 
(2228.14) 

3241.96 
(1845.88) 

2563.99 
(1236.98) Pre .94  

(.08) 
.92 

(.10) 
.96  

(.05)    

Accuracy .43  
(.24) 

.57  
(.22) 

.78  
(.15) Post .51  

(.21) 
.60 

(.29) 
.68  

(.28) 
.45 

(.15) 
.60 

(.22) 
.73 

(.17) 
Spanish 

RT 3354.22 
(2004.70) 

3879.89 
(1256.27) 

3019.77 
(1040.03) Pre .74  

(.27) 
.83 

(.17) 
.85  

(.22)    

Accuracy NA 
.64  

(.20) 
.62  

(.22) Post .55  
(.33) 

.67 
(.31) 

.74  
(.21) 

.55 
(.33) 

.66 
(.21) 

.68 
(.18) 

Vietnamese 

RT NA 
2855.32 

(1042.08) 
2357.40 
(395.29) Pre .93  

(.11) 
.95 

(.06) 
.92  

(.11)    

Accuracy .63  
(.24) 

.74  
(.14) 

.83  
(.13) Post .77  

(.31) 
.83 

(.31) 
.80  

(.29) 
.71 

(.23) 
.79 

(.18) 
.82 

(.18) Spanish-
English 

RT 3760.60 
(2169.50) 

2378.02 
(897.44) 

2278.86 
(720.52) Pre .98  

(.05) 
.98 

(.03) 
.89  

(.19)    

Accuracy .73  
(.13) 

.84  
(.14) 

.90 
(.05) Post .86  

(.12) 
.94 

(.09) 
.97  

(.05) 
.82 

(.09) 
.90 

(.08) 
.94 

(.04) Vietnamese-
English 

RT 2839.94 
(1028.49) 

2792.38 
(1431.45) 

2400.08 
(762.83) Pre .95  

(.06) 
.94 

(.07) 
.96  

(.07)    
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Table 20. Cognitive Control: IGC Model Results 

Fixed Effect Parameter 
Estimate SE df t p 

Intercept 0.64 0.04 93 14.83 <.001 

LanguageGroup      

VE 0.19 0.06 93 3.09 <.01 

V -0.08 0.06 93 -1.27 .21 

SE 0.07 0.066 93 1.09 .28 

S -0.14 0.06 93 -2.28 .02 

Age 0.02 0.01 154 3.50 <.001 

Age x LanguageGroup      

VE -0.01 0.01 154 -1.55 .12 

V -0.01 0.01 154 -0.90 .37 

SE -0.01 0.01 154 -1.16 .25 

S -0.001 0.01 154 -0.16 .87 

      

Random Effect Variance 
Component SE  Z p 

Intercept 0.01 0.01  2.42 <.01 

Slope 0.00009 0.0  1.48 .07 

Residual 0.03 0.00  7.13 <.001 

Note. Reference group = English 
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Table 21. Cognitive Control and TEs: IGC Model Results 

Fixed Effect Parameter 
Estimate SE df t p 

Intercept 0.36 0.07 31 4.85 <.001 

CognitiveControl -0.03 0.09 46 -0.38 .70 

Age -0.01 0.01 46 -1.64 .11 

Age x CognitiveControl 0.03 0.01 46 2.70 <.01 

      

Random Effect Variance 
Component SE  Z p 

Intercept 0.02 0.01  2.95 <.01 

Slope 0.00004 0.00  1.40 .08 

Residual 0.004 0.00  3.20 <.001 

Note. Reference group = Spanish-English 
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Figure Captions 

 
Figure 1. Plot of TE Meta-Analysis Results 

Figure 2. Pilot Data: Vocabulary Development 

Figure 3. Pilot Data: TE Development By Lexical Category 
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Figure 1: Plot of TE Meta-Analysis Results 
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Figure 2: Pilot Data: Vocabulary Development 
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Figure 3. Pilot Data: TE Development By Lexical Category 
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Appendix A 
 

Basic Information Form 
 
 

Today’s Date _________________ Child’s Birthday ______________________ 

Child’s Name (Last, First) ________________________________ Sex ______ 

Address, City, State, Zip_________________________________________________________ 

Telephone _______________________ Email________________________________ 

Child’s Birth Order: 1st  2nd Other_____ (Specify)  Number of Children in the family? ______ 

EXPOSURE TO OTHER LANGUAGES 

Is your child monolingual or bilingual?            Monolingual         Bilingual   

If Bilingual: 

The dominant language is? ________________  By Whom? __________________ 

How many days per week? ________ How many hours per day? ________ 

Since what age (in months)?______ 

Other:  

The other language is? ________________  By Whom? _____________________ 

How many days per week? ________  How many hours per day? ________ 

Since what age (in months)? ______ 

HEALTH 

Has your child had any major health or speech problems?   Yes         No  
If Yes, please describe. 
 
 

Has your child ever been diagnosed with ADHD?    Yes         No    
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Appendix B 

Sample Concepts and Concept Matches 

CATEGORY CONCEPT ENGLISH SPANISH VIETNAMESE 
ANIMALS MOUSE mouse ratón con chuột 
ANIMALS OWL owl búho con cú 
ANIMALS OX  buey  
ANIMALS PANDA   gấu trúc 
ANIMALS PENGUIN penguin pingüino chim cánh cụt 
ANIMALS PIG pig puerco con heo 
ANIMALS PIGEON   chim bồ câu 
ANIMALS PONY pony  ngựa nhỏ 
ANIMALS PUPPY  puppy   con chó con 
ANIMALS ROOSTER rooster  gà trống 
ANIMALS SEAL  foca  
ANIMALS SHEEP sheep  con cừu 
ANIMALS SHRIMP   con tôm 
ANIMALS SNAKE  víbora con rắn 
ANIMALS SPIDER  araña  
ANIMALS TIGER tiger tigre con hổ 
ANIMALS WOLF wolf lobo con chó sói 
ANIMALS ZEBRA zebra cebra ngựa vằn 
FOOD/DRINK APPLE apple manzana quả táo 
FOOD/DRINK APPLESAUCE applesauce   
FOOD/DRINK BANANA banana plátano chuối 
FOOD/DRINK BEANS beans frijoles những đậu 
FOOD/DRINK BREAD bread pan bánh mì 
FOOD/DRINK BUN   bún 
FOOD/DRINK BUTTER butter mantequilla bơ 
FOOD/DRINK CAKE cake pastel bánh ngọt 
FOOD/DRINK CANDY candy dulce kẹo 
FOOD/DRINK CARROTS carrots zanahoria cà rốt 
FOOD/DRINK CEREAL cereal cereal  
FOOD/DRINK CHEERIOS cheerios   
FOOD/DRINK CHEESE cheese queso phó mát 
FOOD/DRINK CHICKEN chicken pollo gà 
FOOD/DRINK CHILIPEPPER  chile  
FOOD/DRINK CHOCOLATE chocolate chocolate sô cô la 
FOOD/DRINK COFFEE coffee café cà phê 
FOOD/DRINK COKE coke  côca côla 
FOOD/DRINK COOKIE cookie galleta bánh quy 
FOOD/DRINK CORN corn elote/choclo bắp 
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Appendix C 

SAS Code for IGC Models 

*************************** 
*English Vocabulary; 
*************************** 
 
*Unconditional Means Model; 
title "UncondMeans_EnglishPropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup="E" or langgroup="SE" or langgroup="VE"; 
model engP = / solution outp = p outpm = pm; 
random intercept / sub=id; 
run; quit; title; 
 
*Unconditional Growth Model; 
title "UncondGrowth_EnglishPropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup="E" or langgroup="SE" or langgroup="VE"; 
model engP = agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*Full Conditional Model; 
title "CondModel_EnglishPropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup="E" or langgroup="SE" or langgroup="VE"; 
model engP = langgroup agecent agecent*langgroup/ solution outp = p outpm = pm ddfm=bw; 
contrast 'E vs. SE+VE' langgroup 1 -.5 -.5; 
contrast 'E vs. SE' langgroup 1 -1 0; 
contrast 'E vs. VE' langgroup 1 0 -1; 
contrast 'SE vs. VE' langgroup 0 1 -1; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*************************** 
*Spanish Vocabulary; 
*************************** 
 
*Unconditional Means Model; 
title "UncondMeans_SpanishPropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup="S" or langgroup="SE"; 
model otherP = / solution outp = p outpm = pm; 
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random intercept / sub=id; 
run; quit; title; 
 
*Unconditional Growth Model; 
title "UncondGrowth_SpanishPropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup="S" or langgroup="SE"; 
model otherP = agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*Full Conditional Model; 
title "CondModel_SpanishPropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup="S" or langgroup="SE"; 
model otherP = langgroup agecent agecent*langgroup/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*************************** 
*Vietnamese Vocabulary; 
*************************** 
 
*Unconditional Means Model; 
title "UncondMeans_VietnamesePropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup="V" or langgroup="VE"; 
model otherP = / solution outp = p outpm = pm; 
random intercept / sub=id; 
run; quit; title; 
 
*Unconditional Growth Model; 
title "UncondGrowth_VietnamesePropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup="V" or langgroup="VE"; 
model otherP = agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*Full Conditional Model; 
title "CondModel_VietnamesePropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup="V" or langgroup="VE"; 
model otherP = langgroup agecent agecent*langgroup/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
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*************************** 
*Conceptual Vocabulary; 
*************************** 
 
*Unconditional Means Model; 
title "UncondMeans_ConceptualPropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
model conceptP = / solution outp = p outpm = pm; 
random intercept / sub=id; 
run; quit; title; 
 
*Unconditional Growth Model; 
title "UncondGrowth_ConceptualPropAgeCent- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
model conceptP = agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*Full Conditional Model; 
title "ConditionalModel_ConceptualProp All - Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
model conceptP = langgroup agecent langgroup*agecent/ solution outp = p outpm = pm; 
contrast 'E+S+V vs. SE+VE' langgroup 1 1 -1.5 1 -1.5; 
contrast 'E vs. SE+VE' langgroup 2 0 -1 0 -1; 
contrast 'S vs. SE' langgroup 0 -1 1 0 0; 
contrast 'V vs. VE' langgroup 0 0 0 1 -1; 
contrast 'E vs. SE' langgroup 1 0 -1 0 0; 
contrast 'E vs. VE' langgroup 1 0 0 0 -1; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*************************** 
*Translation Equivalents; 
*************************** 
 
*Unconditional Means Model; 
title "UncondMeans_TE Prop Own AgeCent- Individual Growth Curve"; 
proc mixed data=temp noclprint covtest order=data; 
class id langgroup; 
where wordtype="T"; 
model tePown = / solution outp = p outpm = pm; 
random intercept / sub=id; 
run; quit; title; 
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*Unconditional Growth Model; 
title "UncondGrowth_TE Prop Own AgeCent- Individual Growth Curve"; 
proc mixed data=temp noclprint covtest order=data; 
class id langgroup; 
where wordtype="T"; 
model tePown = agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*Full Conditional Means Model; 
Title "ConditionalModel_TE Prop Own AgeCent - Individual Growth Curves"; 
proc mixed data=temp noclprint covtest order=data; 
class id langgroup; 
where wordtype="T"; 
model tePown = langgroup agecent agecent*langgroup/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*************************************** 
*Translation Equivalents by Lexical Category; 
*************************************** 
 
*Unconditional Means Model; 
title "UncondMeans_TE PropOwn by LexCat LangGroup- Individual Growth Curve"; 
proc mixed data=temp noclprint covtest order=data; 
class id langgroup wordtype; 
where wordtype NE "T"; 
model tePown = / solution outp = p outpm = pm; 
random intercept / sub=id; 
run; quit; title; 
 
*Unconditional Growth Model; 
title "UncondGrowth_TE PropOwn by LexCat LangGroup- Individual Growth Curve"; 
proc mixed data=temp noclprint covtest order=data; 
class id langgroup wordtype; 
where wordtype NE "T"; 
model tePown = agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*Full Conditional Growth Model; 
Title "CondModel_TE PropOwn by LexCat LangGroup - Individual Growth Curves"; 
proc mixed data=temp noclprint covtest order=data; 
class id langgroup wordtype; 
where wordtype NE "T"; 
model tePown = wordtype|langgroup|agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit;title; 
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*************************************** 
*Cognitive Control; 
*************************************** 
 
*Unconditional Means Model; 
title "UncondMeans_CogControl by LangGroup- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
model cogcontrol = / solution outp = p outpm = pm; 
random intercept / sub=id; 
run; quit; title; 
 
*Unconditional Growth Model; 
title "UncondGrowth_CogControl by LangGroup- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
model cogcontrol = agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*Full Conditional Model; 
Title "CondModel_CogControl by LangGroup"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
model cogcontrol = langgroup|agecent/ solution outp = p outpm = pm ddfm=bw; 
contrast 'E+S+V vs. SE+VE' langgroup 1 1 -1.5 1 -1.5; 
contrast 'E vs. SE+VE' langgroup 2 0 -1 0 -1; 
contrast 'S vs. SE' langgroup 0 -1 1 0 0; 
contrast 'V vs. VE' langgroup 0 0 0 1 -1; 
contrast 'E vs. SE' langgroup 1 0 -1 0 0; 
contrast 'E vs. VE' langgroup 1 0 0 0 -1; 
contrast 'SE vs. VE' langgroup 0 0 1 0 -1; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit;title; 
  
*Unconditional Means Model, E SE VE only; 
title "UncondMeans_CogControl by LangGroup E SE VE- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup='E' or langgroup='SE' or langgroup='VE'; 
model cogcontrol = / solution outp = p outpm = pm; 
random intercept / sub=id; 
run; quit; title; 
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*Unconditional Growth Model, E SE VE only; 
title "UncondGrowth_CogControl by LangGroup- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup='E' or langgroup='SE' or langgroup='VE'; 
model cogcontrol = agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
*Conditional Model, E SE VE only; 
Title "CondModel_CogControl by LangGroup E SE VE"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
where langgroup='E' or langgroup='SE' or langgroup='VE'; 
model cogcontrol = langgroup|agecent/ solution outp = p outpm = pm ddfm=bw; 
contrast 'E vs. SE+VE'langgroup 2 -1 -1; 
contrast 'E vs. SE' langgroup 1 -1 0; 
contrast 'E vs. VE' langgroup 1 0 -1; 
contrast 'SE vs. VE' langgroup 0 1 -1; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit;title; 
 
*************************************** 
*Role of Cognitive Control in TEs; 
*************************************** 
 
*Unconditional Means Model; 
title "UncondMeans_TE Total PropOwn & CogControl- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
model tePown = / solution outp = p outpm = pm; 
random intercept / sub=id; 
run; quit; title; 
 
*Unconditional Growth Model; 
title "UncondGrowth_TE Total PropOwn & CogControl- Individual Growth Curve"; 
proc mixed data=total noclprint covtest order=data; 
class id langgroup; 
model tePown = agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
 
*Full Conditional Model 
Title "CondModel_TE Total PropOwn & CogControl - Individual Growth Curves"; 
proc mixed data=total noclprint covtest order=data; 
class id; 
where langgroup='SE' or langgroup='VE'; 
model tePown = cogcontrol|agecent/ solution outp = p outpm = pm ddfm=bw; 
random intercept agecent / sub=id type=un g gcorr; 
run; quit; title; 
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