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The degree to which the two language systems of bilinguals are separate or 

interact in some way is a question that has been addressed using several methods.  In the 

domain of morphosyntax, results from cross-linguistic priming have shown that 

bilinguals’ hearing a particular sentence structure in one of their languages increases the 

likelihood that they will produce a similar structure in the other language.  This supports 

a shared-syntax model of bilingual processing in which bilinguals store similar structures 

together.  Priming from L1 to L2 and L2 to L1 appears to be equally strong (Loebell & 

Bock, 2003; Schoonbaert, Hartsuiker, & Pickering, 2007) but researchers have not 

examined in depth how language experience and proficiency variables affect priming.  

Priming research has also indicated that only those structures that share word order across 

languages are subject to priming (Bernolet, Hartsuiker, & Pickering, 2007; Loebell & 

Bock, 2003) but has not addressed whether the verb features such as tense are subject to 

priming.  This study addressed two questions: 1) How do the language experience 

measures of age of acquisition, current language use, and language proficiency affect 

priming? and 2) Are tense markings (future and present tenses) subject to priming across 

languages?  Sixty-eight Spanish-English bilingual adults completed a priming task from 

English to Spanish and from Spanish to English and measures of language experience 

and proficiency.  Results indicate that although passive structures prime across 
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languages, the variables of age of acquisition, current use, and proficiency do not affect 

priming.  This finding provides support for the shared-syntax model as a representation of 

bilingual language in speakers with diverse levels of experience and proficiency.  Results 

also indicate that tense does not prime across languages.  This suggests that languages 

have separate stores for tense markings. 



 viii 

Table of Contents 

List of Tables .......................................................................................................... x	  

List of Figures ........................................................................................................ xi	  

Chapter 1:  Review of the Literature ....................................................................... 1	  
Priming studies ............................................................................................... 2	  
Cross-Linguistic syntactic priming ................................................................ 5	  
Role of language experience and proficiency in cross-linguistic priming ..... 6	  
Structures subject to cross-linguistic priming .............................................. 11	  
Other studies of cross-linguistic influence in morphosyntax ....................... 14	  
Summary ...................................................................................................... 16	  
Questions ...................................................................................................... 17	  

Question 1: The Role of Language Experience and Proficiency ........ 17	  
Hypotheses ................................................................................. 17	  

Question 2: Priming of Tense ............................................................. 18	  
Hypotheses ................................................................................. 18	  

Chapter 2:  Method ............................................................................................... 21	  
Participants ................................................................................................... 21	  
Materials ...................................................................................................... 21	  

Language Experience and Proficiency Measures ............................... 21	  
Experimental Measures ....................................................................... 23	  

Scoring and analysis .................................................................................... 32	  
Scoring ................................................................................................ 32	  
Analysis ............................................................................................... 34	  

Chapter 3:  Results ................................................................................................ 36	  
Question 1: Role of language experience and proficiency .......................... 37	  
Question 2: Priming of tense ........................................................................ 40	  

Chapter 4:  Discussion .......................................................................................... 43	  
Role of language experience and proficiency .............................................. 43	  



 ix 

Priming of tense ........................................................................................... 46	  
Language measures ...................................................................................... 49	  
Applications ................................................................................................. 51	  
Future directions .......................................................................................... 52	  

Appendix A. Sample Pictures for each Experimental Condition ......................... 53	  

Appendix B. Experimental Prime Sentences and Picture Descriptions ................ 54	  

References ............................................................................................................. 59	  

Vita  ...................................................................................................................... 68	  



 x 
 

List of Tables 

Table 1: Participant Characteristics .................................................................... 25	  

Table 2: Prime-Picture Paring for the Active/Passive Alternation ...................... 27	  

Table 3: Prime-Picture Pairing for the Future Alternation .................................. 28	  

Table 4: Organization of Experimental Prime-Picture Pairs for Each Participant30	  

Table 5: Summary of the Fixed Effects in the Mixed Logit Model to Predict Passive 

Descriptions ..................................................................................... 39	  

Table 6: Summary of the Fixed Effects in the Mixed Logit Model to Periphrastic 

Future Descriptions ......................................................................... 42	  



 xi 

List of Figures 

Figure 1: Hartusiker et al.’s model of representation of syntax in bilinguals (Adapted 

from Hartsuiker, Pickering, and Veltkamp, 2004) ............................. 6	  

Figure 2: Pickering and Branigan’s model of syntactic representation in monolingual 

speakers (Adapted from Pickering & Branigan, 1998). ................... 14	  

Figure 3: The probability (out of 1) of a participant with a high Spanish MINT score 

and a participant with a low Spanish MINT score producing a passive 

description ........................................................................................ 40	  

  

 
 



 1 
 

Chapter 1:  Review of the Literature 

The question of whether the two language systems of bilingual individuals are 

separate or interact in some way, and the degree to which any interaction exists, has been 

addressed in studies investigating various domains of language, including syntax (Döpke 

1998, 2000; Hulk & Müller, 2000; Marian & Kaushanskaya, 2007), phonology (Fabiano-

Smith & Barlow, 2009; Fabiano-Smith & Goldstein, 2010; Flege, Bohn, & Jang, 1997; 

Goldstein & Bunta, 2011), and the lexicon (Kroll, 1993; Kroll, Bobb, &Wodniecka, 

2006; Kroll & Stewart, 1994).  Addressing the question of what elements of language 

knowledge or production transfer from one language to the other, and under what 

circumstances, is relevant to developing theoretical understanding of bilingual language 

processing (Heredia, 1997; Kroll & Stewart, 1994), to understanding typical language 

patterns in bilingual children (Argyri & Sorace, 2007; Nicoladis, 2006) and adults 

(Hohenstein, Eisenberg, & Naigles, 2006; Marian & Kaushanskaya, 2007), and to 

understanding strategies used in second language acquisition (Meisel, 1983).  One 

method that has been used to address this question in the domain of morphosyntax is the 

technique of cross-linguistic syntactic priming.  This method involves increasing the 

likelihood of production of a particular sentence structure in one language of a bilingual 

through exposing the individual to a similar form in the other language.  The present 

study uses this method to address two questions: 1) how various language experience 

variables in bilinguals affect priming and 2) how similar forms must be across languages 

to induce priming effects.  There is reason to believe that cross-linguistic priming can 
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provide information on the degree to which representations of sentence structure are 

integrated in the bilingual mind.  By exploring the effects of language experience and 

examining the priming of structures not previously studied, we can learn more about the 

extent to which syntax is shared between languages in bilinguals.  

PRIMING STUDIES 

 
The phenomenon of syntactic priming involves the processing of a particular 

sentence form affecting the processing of subsequent forms (Bernolet, Hartsuiker, & 

Pickering, 2007; Bock, 1986; Hartsuiker, Pickering, & Veltkamp, 2004).  This has been 

demonstrated by the tendency of speakers to repeat a particular syntactic form after using 

or hearing it: For example, if a person hears or produces a passive sentence and then 

describes a picture afterwards, the picture description is more likely to be a passive 

sentence than if the person had not recently heard or produced this form (Hartsuiker et 

al., 2004).   

Priming has a basis in the similarity between prime and target sentences at the 

level of abstract syntactic structure.  Specifically, investigations of priming have 

supported that there is a level of sentence processing at which syntactic structure is 

processed separately from the meaning, lexicon, or prosody of the sentence.  For 

example, Bock (1986) found that adult English speakers tend to repeat the syntactic form 

of sentences in subsequent utterances they produce, even when the sentences are not 

closely related in their semantic or discourse characteristics.  When Bock asked 

participants to repeat either passive or active sentences in one experiment and either 
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prepositional dative or double-object dative sentences in another experiment, they were 

more likely to describe an unrelated drawing using a passive sentence after repeating a 

passive sentence than after repeating an active sentence and were more likely to describe 

a drawing using an active sentence after repeating an active sentence than after repeating 

a passive sentence.  The same effect held for the two kinds of dative constructions: 

Participants were more likely to provide a description with a double-object dative (e.g., 

The man is reading the boy a story) after repeating a similar sentence form than after 

repeating a prepositional dative (e.g., The man is reading a story to the boy).  Bock also 

tested whether the use of a human versus a nonhuman agent affected priming of passive 

sentences.  She found that there was a non-significant trend for passives to be more 

frequent when both the prime sentence and the picture had a nonhuman agent.  Thus, 

although the conceptual feature of animacy had an effect on priming, syntactic structure 

was the main characteristic being primed in this study.   

 There is further evidence that syntactic priming is not driven by the phonological, 

lexical, or semantic characteristics of sentences.  Bock and Loebell (1990), for example, 

had participants repeat prepositional dative sentences such as “Stella brought a book to 

Susan” and infinitive sentences such as “Stella brought a book to study”, two types of 

sentences with superficial similarity but different syntactic structures.  Bock and Loebell 

found that the prepositional dative sentences, but not the infinitive sentences, primed the 

production of prepositional dative sentences, despite the fact that the dative and infinitive 

primes were identical in their number of syllables and stress patterns.  Ferreira (2003) 

found that when the word that was used in a prime in a function that was lexically 
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distinct from the complementizer that (i.e., a demonstrative as in “The company insured 

that farm”), it did not result in more frequent production of the complementizer that in 

subsequent utterances.  Also, lexical changes in function words in prepositional dative 

sentences (e.g. “The girl is baking a cake for her boss” vs. “The girl is taking a cake to 

her boss”) do not affect the rate of priming (Bock, 1989).  Bock and Loebell (1990) found 

that priming occurred between sentences with similar syntactic structures but different 

conceptual structures.  

 In cross-linguistic syntactic priming, exposure to a particular syntactic form in 

one language of a bilingual increases the probability of the bilingual individual producing 

a similar structure in the other language.  It is thought that the particular constructions on 

which cross-linguistic priming occurs are those that share a representation across 

languages: For example, the alternation between active and passive constructions in 

English (e.g. The wind blew the sock, The sock was blown by the wind) is similar to the 

alternation between active and passive constructions in Spanish (e.g. El viento sopló el 

calcetín, El calcetín fue soplado por el viento) in meaning and word order.  The active 

versus passive alternation has, in fact, been found to be subject to priming from Spanish 

to English.  

  Leonard (2011) observed that there are similarities between the method of 

priming and the process of language learning, as both involve exposure to certain 

sentence structures resulting in increased production of these structures and 

generalization of these structures to different semantic contexts and lexical items.  Thus, 
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cross-linguistic syntactic priming might provide a view of the potential for exposure to a 

structure in one language to affect production of a similar structure in the other language. 

CROSS-LINGUISTIC SYNTACTIC PRIMING 

Studies of cross-linguistic syntactic priming have indicated that syntactic 

representations are integrated between languages in bilinguals.  To reflect these findings, 

Hartsuiker et al. (2004) developed a model of bilingual sentence production in which 

syntactic rules are shared between languages. The model is a bilingual adaptation of 

Pickering and Branigan’s (1998) model of monolingual sentence production and utilizes 

a framework in which lexical representations, or lemmas, drive the selection of a sentence 

frame (see Figure 1).  In this model, the language of the utterance is determined by the 

lemma selected, which is connected to a tag specified for language.  The lemmas from 

both languages are linked to combinatorial nodes that specify the ways in which the 

words represented by lemmas can combine with other linguistic units to form sentences: 

For example, the lemmas in Figure 1 are linked to active and passive nodes because they 

can be used in either active or passive sentence frames.  In Hartsuiker et al.’s model, 

connections between L1 lemmas and the combinatorial nodes are equal to connections 

between L2 lemmas and the combinatorial nodes.  This predicts that priming from L1 to 

L2 would be as strong as priming from L2 to L1, a finding that the literature on cross-

linguistic syntactic priming has supported. Lemmas with the same meaning in each 

language also connect to a single concept: For example, the English lemma hit and its 

Spanish translation golpear both connect to a single concept (see Figure 1).  However, 

the connections between L1 lemmas and concepts are stronger than connections between 

L2 lemmas and concepts.  This reflects Schoonbaert, Hartsuiker, and Pickering’s (2007) 
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finding that there is a translation equivalent boost to priming from L1 to L2 but not from 

L2 to L1. 

 
 

Figure 1: Hartusiker et al.’s model of representation of syntax in bilinguals (Adapted 
from Hartsuiker, Pickering, and Veltkamp, 2004).  In this model, lemmas in each 
language connect to shared combinatorial nodes representing grammatical strucutres.   

ROLE OF LANGUAGE EXPERIENCE AND PROFICIENCY IN CROSS-LINGUISTIC PRIMING 

 
Research on cross-linguistic syntactic priming has provided some information on 

how bilinguals’ language experience and proficiency affect degree of priming.  Priming 

studies have examined the effects of age of acquisition of one language (Kantola & van 

Gompel, 2011; Loebell & Bock, 1990; Meijer & Fox Tree, 2003; Schoonbaert et al., 

2007) and language proficiency as assessed though self-report (Bernolet, Hartsuiker, & 

Pickering, 2013) and a cloze task (Shin, 2010).  It appears that priming is equally strong 
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between languages regardless of the age at which the languages are acquired. Meijer and 

Fox-Tree (2003) compared bilingual speakers of L1 English and L2 Spanish to bilinguals 

who had acquired both Spanish and English natively.  Meijer and Fox Tree found that 

priming effects from Spanish to English were similar in bilinguals who spoke both 

languages natively to bilinguals who spoke Spanish as an L2, indicating that L2-to-L1 

priming is as strong as priming between two languages acquired in early childhood.  

Schoonbaert et al. (2007) studied priming of double-object datives versus prepositional 

datives in Dutch-English bilinguals who spoke English as an L2.  They tested priming 

from L1 to L2 in one group and priming from L2 to L1 in another group, and found that 

priming in both directions was equally strong.  Schoonbaert et al. also found that, when 

priming from L1 to L2, priming was stronger when the verbs used in the prime and target 

sentences were translation equivalents.  This translation equivalent boost did not occur, 

however, from L2 to L1. 

There is also evidence that priming within languages does not differ in strength 

from priming across languages.  Kantola and van Gompel (2011) administered a priming 

task to Swedish-English bilinguals who spoke Swedish as an L1 and English as an L2 

and found that there were no significant differences in the magnitude of priming among 

priming from L1 to L1, from L2 to L2, from L1 to L2, and from L2 to L1.  These 

findings provide further evidence that strength of priming does not differ based on age of 

acquisition.   

There is one study that found a possible effect of age of acquisition on priming.  

Loebell and Bock (2003) tested German-English bilinguals whose L1 was German on 
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priming of active versus passive and double-object dative versus prepositional dative 

sentences.  For both these structures, participants were given both German and English 

primes and asked to describe pictures in the other language.  Loebell and Bock found that 

priming was stronger from the participants’ L1 (German) to their L2 (English) than in the 

reverse direction but did not investigate whether this tendency was significant. 

Studies of cross-linguistic syntactic priming have been limited in addressing the 

role of language experience and proficiency. These studies, with the exception of Meijer 

and Fox Tree (2003), all examined bilinguals who are native speakers of one language 

and have acquired their other language later in life as a result of moving to a new country 

or learning the language in a classroom environment.  Thus, the participants in these 

studies spoke one of their languages as a first language (L1) and the other as their second 

language (L2).  A number of studies (Bernolet et al., 2007, Hartsuiker et al., 2004, 

Salamoura & Williams, 2006; Shin & Christianson, 2009; Weber & Indefrey, 2009) have 

not examined at all how language experience affects priming.  It is also notable that the 

studies that did look at the factor of L1 versus L2 did not examine how differing levels of 

L2 proficiency may have affected priming.  It is possible that examining bilinguals’ 

language experience or performance in a more detailed way would reveal differences in 

the strength of priming based on these factors. 

There is, in fact, evidence, that language proficiency may influence the extent to 

which bilinguals have shared syntactic knowledge.  Specifically, studies have shown that 

bilinguals’ level of proficiency in their L2 affects the degree to which they demonstrate 

integrated syntactic representations between L1 and L2.  Bernolet, Hartsuiker, and 
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Pickering (2013) examined priming of possessive structures in Dutch-English bilinguals 

who spoke Dutch as an L1 and English as an L2.  They assessed participants’ proficiency 

in each language via self-rating and found that priming from Dutch to English (L1 to L2) 

and within English (L2 to L2) increased in magnitude as proficiency in L2 increased.  For 

L1 to L2 priming, they also found an interaction between proficiency and lexical 

similarity:  When the head nouns in the prime and target were unrelated, priming 

increased as L2 proficiency increased, but when the head nouns were translation 

equivalents, priming increased as proficiency decreased.  Bernolet et al. interpret their 

results as showing that representations become more integrated between languages in 

bilinguals as proficiency in a language increases and that syntactic representations in an 

L2 become more abstract and less item-based with increasing proficiency.  Shin (2010) 

assessed priming of dative structures from L1 to L2 and L2 to L1 in Korean-English 

bilinguals who spoke Korean as an L1 and English as an L2.  Shin assessed English 

proficiency using a sentence cloze task and found, similarly to Bernolet et al. (2013), that 

priming from L1 to L2 increased as L2 proficiency increased.  Bernolet et al. (2013) 

proposed, based on their results, that the Hartsuiker et al. (2004) model depicting fully 

integrated syntactic representations in bilinguals reflects a final state of bilingual 

acquisition that exists once a certain level of knowledge of the L2 has been attained.  

These results suggest that language skill as measured by self-report and objective 

proficiency measures is an important factor to consider in cross-linguistic priming.  

There is also some literature available analyzing the effects of language 

experience and proficiency on within-language priming in bilinguals. Flett (2003) looked 
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at priming of passives in Spanish in native Spanish speakers and L2 learners of Spanish.  

Flett found that priming was stronger in L2 speakers than native speakers and was 

stronger in L2 speakers of advanced proficiency than L2 speakers of intermediate 

proficiency.  Gertken (2013) looked at priming of judgments of relative clause 

attachment height in French in native French speakers and L2 learners of French.  

Gertken found that within the L2 learners, a higher age of acquisition of French predicted 

weaker priming.  

Studies that have considered the effect of language experience and proficiency on 

cross-linguistic syntactic priming have only included bilinguals who acquired one 

language from birth and the other language later in life.  Although results from Loebell 

and Bock (2003) left open the possibility that priming from L1 to L2 is stronger than 

priming in the reverse direction, three other studies found no difference in priming based 

on age of acquisition (Kantola & van Gompel, 2011; Meijer & Fox Tree, 2003; 

Schoonbaert et al., 2007).  However, Flett (2003) and Gertken (2013), in studies 

examining within-language priming in bilinguals, found that age of acquisition affected 

strength of priming, although the effect found differed between the studies. Bernolet et al. 

(2013) and Shin (2010) found that there was an effect of proficiency on priming such that 

L1-to-L2 priming became stronger with increasing L2 proficiency.  Flett (2003) also 

found that priming within L2 becomes stronger with increasing proficiency.  Overall, the 

evidence for effects of proficiency on priming in bilinguals has been more consistent than 

the evidence for effects of age of acquisition.  Further, where effects of age of acquisition 

have been found, they have occurred in within-language priming. 
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STRUCTURES SUBJECT TO CROSS-LINGUISTIC PRIMING 

 
Research on cross-linguistic priming has sought to identify those syntactic forms 

on which priming occurs.  It has been found that only those forms that share the same 

word order between languages are subject to cross-linguistic priming.  Hartsuiker et al. 

(2004) studied bilingual adults who spoke Spanish as their L1 and English as their L2.  

The participants heard Spanish sentences with four different structures: active, passive, 

intransitive, and object-verb-subject.  They produced English passive sentences more 

frequently after hearing a passive prime than after hearing an active or intransitive prime.  

These results contrast with results from Loebell and Bock’s (2003) study of German-

English bilinguals that showed no cross-linguistic priming of passives between English 

and German.  Hartsuiker et al. propose that this difference may be due to the fact that the 

word order of passives differs between English and German, whereas it does not differ 

between English and Spanish. For example, the English passive The truck is chased by 

the taxi and the Spanish passive El camion es perseguido por el taxi have the same word 

order, with a noun phrase, a form of the verb to be/ser, a past participle, and a phrase 

introduced by the preposition by/por.  In German, the participle follows the by phrase.  

Bernolet et al. (2007) found further evidence for the importance of word order in 

priming: Specifically, Dutch-English bilinguals did not show cross-linguistic priming of 

relative clauses, whereas Dutch-German bilinguals did.  Relative clause structures have 

the same word order in Dutch and German but a different word order in English.  
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Meijer and Fox Tree (2003) further explored the range of structures that are 

subject to priming using English and Spanish.  They tested Spanish-English bilingual 

adults who were either native speakers of both languages or had learned Spanish for at 

least two years and had become fluent speakers.  In testing priming of dative sentences 

from Spanish to English and of direct object pronouns from English to Spanish, Meijer 

and Fox Tree found that structures that shared the same word order across languages 

showed priming.   

Although word order similarity has been found to be an important factor in cross-

linguistic priming, it is uncertain whether morphological features, such as tense, would be 

subject to priming across languages.  This is because languages differ in the form that 

these features take and the order in which they appear relative to the root words they 

modify.  For example, to express the future in English, the verb is preceded by a separate 

word, the modal will, whereas in Spanish, it is expressed by an inflection that follows the 

verb and is attached to the verb.   

Pickering and Branigan (1998) found that varying morphological features on the 

verb such as tense, number, and aspect had no effect on the magnitude of priming of 

double-object versus prepositional-object dative sentences in English monolinguals.  

However, priming experiments have not tested whether these morphological forms are 

themselves subject to priming.  There is, in fact, evidence that within-language priming 

of plural features occurs in naturalistic speech: In dialects of Spanish (Poplack, 1980) and 

Brazilian Portuguese (Scherre, 2001) where plural markers are optional, the presence of 
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plural markers in the second or third word of a noun phrase is largely predicted by the 

presence of plural markers in the preceding words of the phrase.   

Pickering and Branigan (1998)’s model of sentence production (see Figure 2) is 

based on results from monolingual English speakers.  In this model, lemmas are 

connected to combinatorial nodes to show that activation of a particular sentence 

structure can cause priming of this structure with and without lexical overlap between 

prime and target sentences.  Each lemma is also connected to feature nodes that encode 

tense, aspect, and number features.  The lack of connection between the feature nodes 

and combinatorial nodes reflects Pickering and Branigan’s findings that similarity in 

tense between prime and target did not modulate priming of sentence structures: That is, 

the level of activation of the feature nodes had no effect on the level of activation of the 

combinatorial nodes.  However, this model also predicts priming of tense, aspect, and 

number features themselves, although Pickering and Branigan do not discuss this.  That 

is, activation of the feature nodes should feed back to the lemmas in the same way that 

increased activation of the combinatorial nodes do. 
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Figure 2: Pickering and Branigan’s model of syntactic representation in monolingual 
speakers (Adapted from Pickering & Branigan, 1998).  In this model, lemmas connect to 
combinatorial nodes representing syntactic forms and nodes representing verb features of 
tense, aspect, and number.  However, the combinatorial nodes and feature nodes do not 
connect to each other. 

OTHER STUDIES OF CROSS-LINGUISTIC INFLUENCE IN MORPHOSYNTAX 

 
Other methods of studying cross-linguistic influence in bilingual syntax can 

supplement the knowledge gained from priming studies.  Observational studies of 

language production have examined whether bilinguals use a certain word order or 

grammatical property from one language in their other language, or use a specific order 

or property more frequently than monolingual controls as a result of influence from the 

other language (Argyri & Sorace, 2007; Döpke, 1998, 2000). Experimental studies have 

assessed whether bilinguals are influenced by one language in the interpretation of 

sentences they hear or read in the other language (Dussias & Sagarra, 2007; Montrul & 

Ionin, 2010, 2012). 
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Specifically, we may be interested in whether the effects of language experience 

and proficiency found in these studies are similar to those found in priming studies.  In 

bilingual adults, transfer of syntactic structures has been attested both from L1 to L2 and 

from L2 to L1 (Granfeldt, 2000; Hohenstein et al., 2006; Marian & Kaushanskaya, 2007; 

Montrul & Ionin, 2010, 2012).  Montrul and Ionin studied different groups of Spanish-

English bilinguals who spoke English as their L2 (2010) and Spanish as their L2 (2012).  

Both groups showed influence from English to Spanish in their interpretation of 

determiners but did not show influence in the reverse direction.  It is notable that both 

these groups were dominant in English and lived in a community where English was the 

dominant language.  Thus, Montrul and Ionin argue that language dominance, and not 

just the age when a language is acquired, must be taken into account when considering 

questions of cross-linguistic influence.   

In studies of cross-linguistic influence in bilingual children, it has similarly been 

found that influence tends to operate from the dominant language to the non-dominant 

language (Argyri & Sorace, 2007; Nicoladis, 2006; Yip & Matthews, 2000).  Pérez-

Leroux, Cuza, and Thomas (2011) also found that age of acquisition was an important 

factor in determining how English affected children’s object pronoun placement in 

Spanish.  In this study, children who acquired Spanish from birth and acquired English 

before age 3;0 showed more English-influenced clitic placement than children who 

acquired English after age 3;0.  The children who acquired English later were also 

Spanish-dominant, and the children who acquired English earlier tended to be English-

dominant.  Because these studies have found that an individual’s current language use 
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and exposure affects cross-linguistic patterns of influence, it is reasonable to ask whether 

these variables also have an effect on priming. 

SUMMARY 

 
The technique of priming has been used to investigate linguistic representations.  

Cross-linguistic syntactic priming has been used to investigate the degree to which 

syntactic representations are shared in the minds of bilingual speakers.  However, there 

are questions in this literature that have not been addressed.  The effects of language 

experience and proficiency have not been examined in detail.   Although cross-linguistic 

priming studies have found no effect of age of acquisition of a language on priming, there 

is research to suggest that language proficiency is a factor.  Also, priming studies have 

almost exclusively included participants who acquired one of their languages later in life. 

Studies using other methods have found that language dominance affects cross-linguistic 

influence in the domain of syntax.  However, these studies have used different ways to 

determine dominance: These include current language exposure (Argyri & Sorace, 2007), 

average length of utterances in each language (Yip & Matthews, 2000), scores on a 

vocabulary test in each language (Nicoladis, 2006), and a combination of current use and 

grammatical proficiency (Montrul & Ionin, 2010).  Therefore, it is important to look at 

the contribution of language experience and proficiency to priming more thoroughly.   

 Another area that is important to investigate further is the question of which 

language structures are subject to priming across languages.  The literature indicates that 
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structures must share the same word order to be primed.  However, it is unclear whether 

elements marking tense would prime across languages. 

QUESTIONS 

Question 1: The Role of Language Experience and Proficiency 

 
The first question this study sought to address is: How do factors of language 

experience and proficiency, specifically age of first exposure to English, language 

proficiency, and current language use, affect the strength of cross-linguistic priming? 

Hypotheses 

 
The findings of Bernolet et al. (2013), Shin (2010), and Flett (2003) indicate that 

proficiency affects degree of priming.  At the same time, there is evidence that age of 

acquisition (Pérez-Leroux et al., 2011) and current exposure (Argyri & Sorace, 2007) 

affect degree of cross-linguistic influence.  Flett (2003) and Gertken (2013) provide 

evidence that age of acquisition is a factor in within-language priming in bilinguals.  In 

these studies, we cannot separate the effects of these different variables because they 

have only been examined in isolation, at least in studies of cross-linguistic priming, and 

because they tend to conflate.  Thus, it is possible that age of acquisition and current 

exposure have unique effects on priming.  However, we would expect proficiency to have 

an effect in this study, as studies using a priming technique have already found effects of 

proficiency.    
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In terms of the particular effects that language experience and proficiency have on 

the strength of priming, most studies indicate that priming from L1 to L2 is of 

comparable magnitude to priming from L2 to L1.  However, other findings show that 

proficiency in L2 as measured by a sentence cloze task (Shin, 2010) and self-report 

(Bernolet et al., 2013) increases priming from L1 to L2.  This finding, together with the 

finding that priming is less dependent on lexical similarity in bilinguals with higher L2 

proficiency, prompted Bernolet et al. (2013) to argue that as proficiency in L2 increases, 

L2 syntactic representations become more integrated with L1 and more abstract.  Yet, 

evidence from studies using other methods showing that syntactic influence tends to 

operate in the direction of a more dominant to a less dominant language suggests that the 

magnitude of priming from a stronger language to a weaker language may be greater than 

priming in the reverse direction.  It is possible that as proficiency or experience increases 

in either language, priming in both directions increases, since syntactic representations 

may not be sufficiently abstract for priming below a certain level of experience.  

However, it is possible that beyond a certain threshold, further experience or proficiency 

in one of the languages will increase priming from this language to the weaker language. 

Question 2: Priming of Tense 

 
Are structures representing tense subject to priming across languages?   

Hypotheses 

 



 19 

Although there is non-experimental evidence of within-language priming of plural 

morphemes, it is uncertain how priming of tense morphemes would operate across 

languages, as these forms are expressed differently across languages.  In the case of the 

English and Spanish future tense, there is a difference in the order of the tense marker 

with respect to the verb: The modal will in English precedes the verb but the future suffix 

in Spanish follows the verb.  Because the literature indicates that cross-linguistic priming 

seems to require similarity in word order across languages, we might predict that these 

forms would not prime each other.  However, it is possible that what is subject to priming 

is an abstract feature of tense that is unrelated to the particular morphological or 

phonological forms the tense takes.  If this is the case, then we might expect the forms to 

prime each other. In considering this question, it is helpful to note that there is an 

alternate way to express future time that is similar in Spanish and English:  In both 

languages, there is a form of expressing the future that is composed of the verb to go, the 

preposition to, and a verbal infinitive (va a comer in Spanish compared to going to eat in 

English).   

To answer this question, we will see how three different types of tense prime the 

use of what we might call the formal future tense (will plus verb in English, a stressed 

suffix in Spanish) across languages.  The three types of primes will be formal future 

primes, primes in what may be called the periphrastic future (going to/ir a), and primes 

in the present indicative tense.  The present indicative tense is marked in English by the 

inflection –s for third person singular and is unmarked for other person and number 

features.  In Spanish, the present indicative is marked by an unstressed inflection at the 
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end of the verb that varies across number and person features.  If priming of tense occurs 

and is unrelated to the morphological or phonological form of the tense marker, we 

would expect that both the formal and periphrastic future tenses would prime the formal 

future but that the present indicative tense would not.  If priming of tense occurs and is 

dependent on the form of the tense marker, the formal future tenses may or may not 

prime each other across languages.  If they do not prime each other, it may be because the 

tense marker has a different order relative to the verb across languages.  If this were the 

case, however, we would expect the present indicative tenses to prime each other across 

languages, as these are suffixes following the verb in both languages.  If no priming 

occurs at all, it may be because tense does not prime in any way across languages, or it 

could be that the tense markers examined are not sufficiently similar to each other.   
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Chapter 2:  Method 

PARTICIPANTS 

Participants were 68 Spanish-English bilingual adults from the Austin, TX area.  

To be eligible, participants needed to report an age of first exposure to Spanish within the 

first year of life.  Participants’ age of first exposure to English ranged from birth to 17 

years (see Table 1).  Participants who reported having been diagnosed with a language 

disability were excluded from participation or were not invited to participate. Participants 

ranged in age from 18 to 57 years of age.  Twenty-two males and 46 females participated.  

Eight of the participants completed a post-graduate degree, 21 completed an 

undergraduate degree, and 33 were currently in an undergraduate program.  One 

participant was excluded from analysis because of difficulty following task instructions. 

 

MATERIALS 

Language Experience and Proficiency Measures 

 
The Bilingual Language Profile (BLP) questionnaire was used to assess 

participants’ language dominance (Birdsong, Gertken, &Amengual, 2012).  This is a self-

report measure that assesses dominance via four modules: language history, language 

use, language proficiency, and language attitudes.  Each of the modules is scored, and a 

global dominance score is yielded for each language by equally weighting each module. 

A strong correlation has been found between Spanish dominance as assessed by the BLP 

and how Spanish-like Spanish-Mayan bilinguals are in their intonation patterns 

(Birdsong, et al., 2012).  Lindsey (2013) found that dominance as assessed by the BLP 
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was highly correlated with reaction time in a naming task in speakers of an endangered 

language.   

Participants also completed two objective measures of proficiency: the Oxford 

Placement Tests in English and Spanish 

(http://www.lang.ox.ac.uk/courses/tst_index.html) and the Multilingual Naming Test 

(MINT) in English and Spanish (Gollan, Weissberger, Runnqvist, Montoya, & Cera, 

2012).  These tests were administered to obtain objective measures of proficiency in the 

domains of vocabulary and grammar.  The Oxford Placement Tests measure grammatical 

proficiency by having respondents complete 50 cloze sentences in each language.  A 

score is calculated in terms of number of items correct.  This measure yields an objective 

proficiency score that can be compared to participants’ self-reported language ability on 

the BLP.  Jaensch (2008) studied native Japanese speakers who spoke L2 English and L3 

German and found that those with higher scores on the English OPT were more accurate 

in their production of German articles due to the influence of English.  

The MINT measures vocabulary knowledge by having respondents name 68 line 

drawings in each language.  Participants were asked to name the same pictures in each 

language.  The test was designed for use in English, Spanish, Mandarin, and Hebrew, and 

none of the pictures had names that were cognates between any of these languages.  Item 

difficulty was designed to increase as the test progressed.   Participants were given 5-10 

seconds to name the picture spontaneously and then were given either a semantic cue or a 

phonemic cue (first sound or series of sounds in the word) depending upon the kind of 

difficulty they appeared to be having in naming the picture. The score was calculated in 
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terms of number of pictures correctly named, with cued responses counted as correct.  

Gollan et al. (2012) found that the MINT correlated highly with bilinguals’ self-reported 

proficiency on a ten-point scale ranging from “Novice Low” to “Superior “ and with a 

proficiency measure taken from an oral interview.  Together, the MINT and Oxford 

Placement Tests provided us with objective measures of proficiency in two different 

language domains.   

Table 1 shows participants’ performance on these measures.  Participants’ 

language history dominance scores on the BLP were higher for Spanish than English 

overall, but their language use dominance scores were higher for English than Spanish. 

However, there was a great deal of overlap in these scores between languages.  For self-

reported proficiency as measured by the BLP and objective proficiency as measured by 

the OPT and MINT, participants’ scores in each language were relatively close to each 

other, and there was a great deal of overlap between languages.  Proficiency also seemed 

to be high in both languages for these three measures.  Language attitudes as measured by 

the BLP were higher for Spanish than English overall, but there was considerable overlap 

between the languages. 

Experimental Measures 

 
The experiment consisted of a task in which a confederate produced a series of 

prime and filler sentences.  Each prime sentence was paired with a picture that the 

participant was instructed to describe in the other language after hearing the prime 

sentence.   
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The experimental primes consisted of two structure alternations: active/passive 

and periphrastic/formal future tense/present indicative tense.  The pictures paired with the 

primes depicted situations that could be described using each alternative structure: 

pictures paired with active/passive primes could be described using an active or passive 

construction, and pictures paired with periphrastic/formal future/present indicative primes 

could be described using either of the two future tenses or in the present tense. Pictures 

for the future condition depicted situations designed to elicit the future tense (e.g. a man 

about to go to sleep, a woman about to fall in a pool) (see Appendix A).  There were 24 

pairs of active/passive primes and active/passive pictures and 24 pairs of 

periphrastic/formal future/present indicative primes and periphrastic/formal 

future/present indicative pictures, for a total of 48 experimental pairs.  For the 

active/passive condition, 12 primes were active sentences and 12 were passive sentences.  

For the periphrastic/formal future condition eight primes were periphrastic future 

sentences, eight were formal future sentences, and eight were present indicative 

sentences.  

The pictures used for the experiment were selected by asking one individual to 

describe the pictures in English and another to describe them in Spanish (both individuals 

were university students bilingual in Spanish and English).  Pictures were retained when 

at least 75% of the descriptions in each language used at least one of the targeted 

structures.  Eight pictures were modified because they did not meet this criterion. 
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Table 1: Participant Characteristics 

_______________________________________________________________________

Measure                                  Mean                                         SD 

Age 26.3 9.7 

Age of first exposure to 

English 

BLP dominance score- 

English history 

BLP dominance score- 

Spanish history 

 6.6 

 

31.3 (out of 54.5) 

 

39.1 (out of 54.5) 

3.9 

 

13.0 

 

8.1 

BLP dominance score- 

English use 

32.5 (out of 54.5) 9.2 

BLP dominance score- 

Spanish use 

21.9 (out of 54.5) 9.1 

BLP dominance score-

English proficiency 

50.8 (out of 54.5) 4.8 

BLP dominance score-

Spanish proficiency 

BLP dominance score- 

English attitudes 

 

48.5 (out of 54.5) 

 

42.1 (out of 54.5) 

 

 

6.7 

 

11.4 
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BLP dominance scores- 

Spanish attitudes 

50.4 (out of 54.5) 5.1 

 

Oxford Placement Test 

English 

40.7 (out of 50) 3.4 

Oxford Placement Test 

Spanish 

43.8 (out of 50) 5.6 

MINT English 61.4 (out of 68) 4.5 

MINT Spanish 57.9 (out of 68) 7.1 

 

 

Following Hartsuiker et al. (2004), for the active/passive sentences, the agent of 

the sentence was always depicted on the right side of the picture and was always 

inanimate. Twelve of the active/passive pictures depicted an animate patient, while the 

remaining 12 pictures depicted an inanimate patient.  This arrangement of the 

active/passive pictures is consistent with literature showing effects of animacy and 

location on the baseline production of actives and passives (Bock, 1986).  

Table 2 gives an example of an active/passive prime-picture pairing: 
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Table 2: Prime-Picture Paring for the Active/Passive Alternation 

Condition                   Prime                                         Scenario    Expected primed       
                                                                                                        response 
 
 
English to Spanish 
active 

The tree blocked the 
entrance 

The wind 
blew  
the sock 

El viento sopló  
el calcetín 

 
English to Spanish 
passive 

 
The entrance was blocked 
by the tree 

 
The wind 
blew  
the sock 

 
El calcetín fue soplado 
por el viento 
 

 
Spanish to English 
Active 
 

 
El arbol bloqueó la entrada 

 
The wind 
blew 
the sock 
 

 
The wind blew the  
sock 

Spanish to English 
passive 

La entrada fue bloqueado 
por el árbol. 

The wind 
blew 
the sock 

The sock was blown 
by the wind  
 

 

   

The verbs in all the future prime sentences were inflected in the third person 

singular indicative.  All the pictures paired with the future sentences were designed to 

elicit the third person singular, as they depicted a singular agent carrying out an action.  

The primes and pictures were designed this way to so that the number, person, and mood 

features of the verb would be controlled. Table 3 illustrates a prime-picture pairing for 

the future alternation: 
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Table 3: Prime-Picture Pairing for the Future Alternation 

_______________________________________________________________________ 

Condition                                Prime                               Scenario              Expected primed       
                                                                                                                     response 
 
 
English to Spanish 
periphrastic future 
 

The dog is going to 
run around 

The girl is 
going to fall 

La chica se va a 
caer 

English to Spanish formal 
future 

The dog will run 
around 

The girl is 
going to fall 

La chica se 
caerá 
 

English to Spanish present The dog runs around The girl is 
going to fall 
 

La chica se cae 

Spanish to English 
periphrastic future 
 
Spanish to English formal          
future 
 
Spanish to English present    

El perro va a correr 
 
 
El perro correrá 
 
 
El perro corre 

The girl is 
going to fall 
 
The girl is 
going to fall 
 
The girl is 
going to fall 

The girl is 
going to fall 
 
The girl will fall 
 
 
The girl falls 

 

 

There were also 103 filler pictures paired with103 filler sentences interspersed 

randomly between the prime sentences and target pictures.  These were included so that 

participants would remain naïve to the purpose of the experiment.  The filler pictures 

depicted sentences best described by structures other than those targeted here.  Examples 

of structures used in the filler sentences were sentences with past-tense intransitive verbs 
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(e.g., The man frowned) and sentences with past-tense forms of to be (e.g., The whale 

was happy).   

 Participants completed one testing session that lasted approximately 90 minutes.  

The priming task was audio recorded using a Zoom H1 digital audio recorder.  During the 

testing session, the participants first completed the Bilingual Language Profile.  

Participants then completed the Oxford Proficiency Test in one language, the priming 

task, the Oxford Proficiency Test in the other language, and finally the Multilingual 

Naming Test in both languages.   

 During the priming task, participants were primed in both directions, from 

Spanish to English and from English to Spanish, for both the active/passive and future 

alternations. For each participant, half of the experimental pictures were designated as 

Spanish-to-English (participants heard the prime sentence in Spanish and were asked to 

describe the picture in English), and half were the reverse direction.  Thus, 12 of the 

active/passive pairs were Spanish-to-English and 12 were English-to-Spanish, and 

participants heard six active primes and six passive primes in each language.  Twelve of 

the future pairs were Spanish-to-English and 12 were English-to-Spanish, and 

participants heard four formal future primes, four periphrastic future primes, and four 

present indicative primes in each language (see Table 4). Each participant heard 12 active 

primes, 12 passive primes, eight formal future primes, eight periphrastic future primes, 

and eight present indicative primes (see Appendix B for a list of primes and picture 

descriptions).  Filler pairs were interspersed among the experimental pairs in a pseudo-
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random fashion so that one, two, or three filler pairs came between the experimental 

pairs. 

 The order of English-to-Spanish priming and Spanish-to-English priming was 

counterbalanced so that half of the participants received one order first and the other half 

received the reverse order. All the pictures were shown in the same order for all 

participants. However, the primes paired with the pictures rotated among the pictures 

such that the same picture was paired with an active prime in half of the participants and 

a passive prime in the other half.  Similarly, the same picture was paired with a formal 

future prime in about one-third of the participants, a periphrastic future prime in another 

third of the participants, and a present indicative prime in the remaining third. 

Table 4: Organization of Experimental Prime-Picture Pairs for Each Participant 
_______________________________________________________________________ 

Language direction                  Prime condition                        Prime structure 

   
English to Spanish  (n =24) Active/passive (n =12) 

 
Active 
Passive (6 each, alternating) 

 Future (n =12) 
 

Formal future 
Periphrastic future 
Present indicative (4 each, 
alternating) 
 

Spanish to English (n = 24) Active/passive (n =12) 
 

Active 
Passive (6 each, alternating) 

 Future (n = 12) Formal future 
Periphrastic future 
Present indicative (4 each, 
alternating) 
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The procedure followed the design of Hartsuiker et al. (2004) and Schoonbaert et 

al. (2007).  As in these studies, the present study used a confederate, and participants 

were distracted from the purpose of the experimental task by being told that the purpose 

of the task was to say whether the sentence the confederate said matched the picture they 

were shown. The confederate used in this study was a 21-year-old female who had 

acquired both Spanish and English from birth and who reported greater current use of 

English and greater proficiency in English relative to Spanish: On the BLP, she had a 

dominance score of 54.5 for English use and 7.63 for Spanish use and a dominance score 

of 54.48 for English proficiency and 38.59 for Spanish proficiency.  The confederate and 

participant sat at opposite ends of a table from each other.  Both individuals had computer 

screens in front of them that faced in opposite directions so that neither person could see 

the other’s screen.  The confederate, who acted as a participant, produced the prime 

sentences aloud.  She pretended to be describing pictures but was really reading the prime 

sentences from a list.  After each prime sentence, the participant listened to the prime and 

recorded whether the prime matched the picture on their screen.  The sheet on which the 

picture matching decision was recorded and the picture were shown in separate windows 

on the participant’s computer screen.  The participant then described the picture.  The 

scenario in the picture matched the prime sentence for 50% of all trials but none of the 

critical trials. 
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SCORING AND ANALYSIS 

Scoring 

 
For the active/passive sentences, a response was scored as passive if it contained a 

patient argument in subject position, an auxiliary, and a transitive verb. Both full passives 

that included the agent (The cookie was eaten by the boy/La galleta fue comida por el 

chico) and truncated passives without an agent (The cookie was eaten/La galleta fue 

comida) were scored as passives. Sentences needed to have a form of the auxiliary verb 

to be (ser in Spanish) to be scored as passive. In English, sentences with a form of the 

auxiliary to get (e.g., The taxi got towed) were also considered passive.  Sentences that 

contained an agent in subject position and a transitive verb were scored as active.  Any 

utterance that did not meet the criteria to be considered passive or active was scored as 

“other”. There was a separate coding for passive sentences with the pronoun se, another 

category of Spanish sentence with a patient as the subject.  This is because Spanish se 

passives are considered structurally different from both active and passive sentences in 

English. Although both fue and se passives place a patient in subject position, only fue 

passives contain the same structural elements as English passives, and in the same order 

(Vasilyeva et al., 2010).  On the other hand, get passives in English were counted as 

passive because they have the same order of elements as passives with be. 

For the future tense sentences, a response was response was scored as formal 

future in Spanish if it contained a verb inflected in the future tense (e.g. comerá, 
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caminará).  A response was scored as formal future in English if it contained the modal 

verb will, either in its full form or in its contracted form ‘ll, and an infinitive verb.  A 

response was scored as periphrastic future in Spanish if it contained any form of the verb 

ir and an infinitive verb.  A response was scored as periphrastic future in English if it 

contained a form of the verb to go and an infinitive verb.  A response was also scored as 

periphrastic in English if it contained the truncated form gonna instead of going to.  To 

be scored as present indicative in Spanish and English, a response had to contain a verb 

that was inflected in the third person singular present tense.  Any utterance that did not 

meet the criteria for one of these tenses was scored as “other”. 

The investigator of the study transcribed and coded all the responses in the 

experiment.  A second trained rater transcribed and coded 20% of the responses 

separately. The two raters then checked whether their transcriptions of verbs, tense 

markings, and function words matched, as these were elements that would affect how the 

sentences were coded.  The raters’ transcriptions matched for 592 of 624 sentences 

(94.9%).  They then re-listened to the sentences together and reached agreement on 622 

of 624 sentences.  A third listener determined the transcription of the remaining two 

sentences.  The raters then checked whether their coding of the sentences (active or 

passive, formal or periphrastic future, indicative) matched.  The coding matched in 606 of 

624 (97.1%) of sentences.  The investigator decided the correct coding of the sentences 

where the coding judgments differed. 
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Analysis 

 
To analyze the data, we used mixed logistic regression models.  This test is 

appropriate for data sets with categorical outcomes, such as priming studies (Jaeger, 

2008). Participant and picture were entered into the model as random variables. The 

outcome variable for the active/passive alternation was coded as a binary indicator of 

whether the participant produced a passive or an active (1 = passive, 0 = active).  The 

outcome variable for the future alternation was coded as a binary indicator of whether the 

participant produced a formal or periphrastic future sentence (1 = formal, 0 = 

periphrastic).   Responses classified as “other” were not coded.   The language experience 

and proficiency variables were entered into the model as continuous fixed predictors.  

Prime and language were categorical fixed predictors.   

The first question asked whether language experience and proficiency variables 

contribute to priming.  To address this question, we ran a series of mixed logistic 

regression models to see whether adding language experience contributed to the variance 

in regression. The predictor variables (fixed variables) were the direction of priming 

(Spanish-to-English or English-to-Spanish), the prime type (active or passive), a group of 

language experience variables from the Bilingual Language Profile, the Oxford 

Placement Tests scores in each language, and the Multilingual Naming Test scores in 

each language.  The variables from the Bilingual Language Profile were: age of first 

exposure to English, the dominance scores for language use in each language, and the 
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dominance scores for language proficiency in each language.  The presence of three-way 

interactions between prime type, language direction, and the language experience 

variables addressed the question of whether language experience affects priming. For this 

question, we used the active/passive structure alternation because it has been established 

that passives are subject to priming from Spanish to English. 

The second question asked whether tense is subject to cross-linguistic priming.  

To address this question, we ran a logistic regression model in which the predictor 

variables (fixed variables) were language direction (Spanish-to-English or English-to-

Spanish) and prime type (formal future, periphrastic future, or present indicative).  The 

presence of a main effect of prime type was used to address the question, as it showed 

whether the tense used in the prime predicts the tense used in the picture description. 
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Chapter 3:  Results 

For the active/passive condition, there were a total of 1632 response opportunities 

(24 prime-picture pairs X 68 participants).  Of these, 664 responses (40.7%) were coded 

as “active” (345 in Spanish and 319 in English).  Two hundred sixty-six responses 

(16.3%) were coded as “passive” (66 in Spanish and 200 in English).  Six hundred forty 

responses (39.2%) were coded as “other” (343 in Spanish and 297 in English).  The 

remaining 62 responses (3.8%) were coded as Spanish se passives, and these were 

counted as “other” in the regression analyses.  The responses coded as “other” tended to 

be descriptions of intransitive actions (e.g., The ice was melting), listings of the items in 

the picture (e.g., There is an orange paper and scissors), or descriptions with copulas 

(e.g., The trumpet is loud). 

For the future condition, there were a total of 1632 response opportunities (24 

prime-picture pairs X 68 participants).  Of these, 1192 responses (73.0%) were coded as 

“present indicative” (543 in Spanish and 649 in English), 165 responses (10.1%) were 

coded as “periphrastic future” (125 in Spanish and 40 in English), and 8 responses (0.5%) 

were coded as “formal future” (0 in Spanish and 8 in English).  The remaining 267 

responses (16.4%) were coded as “other” (148 in Spanish and 119 in English).  The 

responses coded as “other” tended to be in the past tense (e.g., A woman fell into the 

pool) or to lack a verb (e.g., A lady going to bed). 
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QUESTION 1: ROLE OF LANGUAGE EXPERIENCE AND PROFICIENCY 

 
To address whether language experience and proficiency affected priming, we ran 

a series of mixed logistic regression models that predicted the logit-transformed 

likelihood of a passive response. Participant and Picture were random factors and Prime, 

Language, and their interactions were fixed factors.  To find whether any measure of 

language experience or proficiency affected degree of priming, we added three-way 

interactions among Prime, Language, and nine predictors measuring some form of 

language experience or proficiency.  Each of the three-way interactions was added in 

separate models to see whether any of the language experience and proficiency measures 

explained significantly more of the variance in passive production than a model without 

any of these variables.  The nine language experience and proficiency variables added as 

predictors were: Age of English Acquisition, Current English Use, Current Spanish Use, 

English Proficiency, and Spanish Proficiency taken from the BLP; and the scores from 

the English OPT, Spanish OPT, English MINT, and Spanish MINT.  Prime and 

Language were categorical variables and the language experience variables were 

continuous variables.  All the continuous variables were centered to their respective 

means when entered into the models. 

The best-fitting model is shown in Table 5.  The model shows a significant main 

effect of Prime (β = 1.082, p = .002), indicating that a passive description was 

significantly more likely to follow a passive prime than an active prime across languages.  
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This pattern of results demonstrates a priming effect for passives.  There was also a 

significant main effect of Language (β = 1.934, p <.001), indicating that passives were 

significantly more likely to occur in English than Spanish.  The interaction between 

Prime and Language was not significant, indicating that the tendency for priming did not 

significantly differ between the two languages.   

The only language experience and proficiency predictors that contributed to a 

better-fitting model were the English MINT and the Spanish MINT.  Further, the model 

with the Spanish MINT was a better fit than the model with the English MINT.  Adding 

language experience and proficiency predictors other than the Spanish MINT did not 

result in a better fit.  In the model shown in Table 5, the coefficients describe the slope 

associated with the effect of each predictor on the probability of a passive being 

produced.  The third column lists the standard error of each coefficient, while the z value, 

known as Wald’s Z, is derived by dividing the coefficient by its standard error.  

The model in Table 5 also shows that the three-way interaction among Prime, 

Language, and the Spanish MINT is not significant.  Therefore, the Spanish MINT did 

not affect priming in any way.  Because none of the models with other language 

experience and proficiency variables contributed any variance, the results indicate that 

none of these measures affects priming. 

However, this model does reveal a trend for a significant interaction of the 

Spanish MINT and Language.  Figure 3 shows that participants with higher Spanish 

MINT scores produced more passives in both languages.  However, Spanish MINT 

scores had a greater impact on Spanish passives than English passives. Overall, the 
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results from this question show that there is a significant priming effect for passives that 

is not significantly affected by any of the language experience and proficiency measures 

tested.   

Table 5: Summary of the Fixed Effects in the Mixed Logit Model to Predict Passive 
Descriptions 

 
 
Predictor Coefficient SE z Value p 

Intercept -2.69 0.3953 -6.82 9.21-12* 
 

Prime  1.08 0.3555   3.04 0.002* 
 

Language  1.93 0.3296   5.87 4.43-9* 
 

Spanish MINT    .10 0.0573   1.79 0.073. 
 

Prime X 
Language 

-0.66 0.4110 -1.62 0.106 

 
 
Prime X 
Spanish MINT 
 

 
 
-0.06 

 
 
0.0661 

 
 
-0.87 

 
 
0.382 

Language X 
Spanish MINT 
 

-0.11 0.0602 -1.78 0.075. 
 

Language X 
Prime X 
Spanish MINT 

  0.07 0.0726   1.04 0.299 

     
 

Note. * = p<.05, . = p< .1 
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Figure 3: The probability (out of 1) of a participant with a high Spanish MINT score and 
a participant with a low Spanish MINT score producing a passive description.  The model 
illustrated in Table 5 was used to determine these probabilities. To determine these 
probabilities, a score 1 SD above the mean of all Spanish MINT scores was considered 
high, and a score 1 SD below the mean of all Spanish MINT scores was considered low.  
There is a trend for a significant interaction between language and Spanish MINT scores. 

 

QUESTION 2: PRIMING OF TENSE 

Because there was an exceedingly small number of formal futures produced and 

all of these were in English, we could not run regressions in which formal future 

descriptions were an outcome variable.  We instead addressed the question of whether 
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tense marking primes across languages by running a mixed logistic regression to predict 

the logit-transformed likelihood of a periphrastic future response.  In this model, the 

outcome variable was coded as “1” for periphrastic future responses and “0” for present 

indicative responses.  We ran the model with Participant and Picture as random factors, 

and Prime, Tense, and their interactions as fixed factors (see Table 6).  The three 

predictors Present, Periphrastic Future, and Formal Future refer to the three types of 

primes participants heard.  These predictors are categorical and were thus entered into the 

regression model as comparisons between each type of prime (e.g., to examine the effect 

of formal future primes, formal future primes were coded as 1 and the other two prime 

types were coded as 0).  The model in Table 6 shows that the only significant predictor of 

a periphrastic future response was the main effect of Language.  Periphrastic future 

descriptions were significantly more frequent in Spanish than English.  No main effect of 

Tense or its interactions with Language were significant, indicating that tense did not 

prime across languages.  It is notable that hearing a periphrastic future prime did not 

result in more frequent production of a periphrastic future in the other language, despite 

the fact that the auxiliary verbs and prepositions used in this structure  (going to, ir a) are 

translation equivalents in these two languages. 
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Table 6: Summary of the Fixed Effects in the Mixed Logit Model to Periphrastic Future 
Descriptions 

 
 
 
Predictor Coefficient SE z Value p 

Intercept  2.92 0.3405   8.57 < 2.00-16* 
 

Language  0.67 0.3358   1.99 0.047* 
 

Present versus 
Formal Future 
 

 0.11 0.3054   0.36 0.722 
 

Periphrastic 
Future versus 
Formal Future 
 

-0.26 0.2956  -0.88 0.378 
 

Periphrastic 
Future versus 
Present 

-0.37 0.2991  -1.23 0.217 

 
Language X 
Present vs. 
Formal Future 
 

 
 0.51 

 
0.4443 

 
  1.15 

 
0.250 

Language X 
Periphrastic vs. 
Formal Future 
 

-0.20 0.4301 -0.46 0.647 
 

 
Language X 
Present vs. 
Periphrastic 
Future 

 
0.31 

 
0.4586 

 
0.69 

 
0.493 

     
 

Note. * = p<.05 
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Chapter 4:  Discussion 

ROLE OF LANGUAGE EXPERIENCE AND PROFICIENCY 

 
The first question the current study asked is whether the factors of age of first 

English exposure, language proficiency, or current use affected cross-linguistic priming 

of passive sentence structures in Spanish-English bilinguals.  We found that there was a 

significant priming effect of passives and that none of these variables had a significant 

impact on priming.  These results are consistent with Hartsuiker et al. (2004)’s shared 

syntax model of bilingual language introduced in Figure 1.  In this model, combinatorial 

nodes are shared between the lemmas of both languages, and the connections with 

combinatorial nodes are equally strong for L1 and L2 lemmas.  The results of the current 

study indicate that, for the group of bilinguals studied here, syntactic representations are 

integrated between languages regardless of differences between individuals in language 

experience or knowledge.   

 Although our finding that language experience does not affect priming is 

consistent with results from priming literature showing no difference between L1-to-L2 

priming and L2-to-L1 priming, it is notable that Bernolet et al. (2013) and Shin (2010) 

found effects of proficiency on priming.  It is important to address why these studies 

found effects of proficiency while the current study did not.  A possible explanation lies 

in the difference in the type of bilinguals that the studies included.  Bernolet et al. and 

Shin looked at bilinguals who acquired a second language later in life, whereas the 
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current study included bilinguals who acquired English at a range of ages.  It may be that 

the groups that learned an L2 later were more unbalanced between languages in their 

proficiency.  This appears to be true:  For example, when examining the means and 

standard deviations in self-ratings of proficiency in Bernolet et al., participants showed 

little overlap between English and Dutch, whereas the participants in the current study 

showed greater overlap in proficiency between languages (see Table 1).  If, as Bernolet et 

al. propose, syntactic representations are fully integrated between languages once a 

certain level of proficiency in each language has been attained, it may be that the 

proficiency levels of our participants are too high to see a difference in priming based on 

proficiency.  However, the bilinguals in the current study were considerably less balanced 

in current use than proficiency, and use was not found to affect priming. 

 Because Flett (2003) and Gertken (2013) found effects of age of acquisition on 

priming, we may also wonder why age of acquisition did not affect priming in this study.  

Because we looked at a range of ages of English acquisition whereas other studies looked 

at two or three discrete categories of this variable, this study appears to provide strong 

evidence that age of acquisition does not affect cross-linguistic syntactic priming.  It is 

notable that Flett (2003) and Gertken (2013) looked at within-language priming in 

bilinguals, whereas studies looking at cross-linguistic syntactic priming found no effect 

of age of acquisition.  It is possible that syntactic representations within languages are 

more influenced by age of acquisition factors than integration of syntactic representations 

across languages.  However, Gertken (2013) looked at priming of judgments of relative 

clause attachment, a comprehension task, whereas most other priming studies have tested 
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priming in language production.  It may be that the type of priming Gertken tested is 

more sensitive to age of acquisition.   

 This study also found no effect of current use.  Because current use has not been 

examined as a variable in other priming studies, it would be necessary to examine 

priming of different structures and in different bilingual populations to provide strong 

evidence that current use does not affect priming.  However, it is possible that the 

participants in this study did not have a sufficiently wide range of current use to show an 

effect of this variable.  To assess this, we looked at the dominance scores for language 

use from the BLP (see Table 1) in terms of the average percentage of use across the five 

questions the BLP asks regarding use.  The participants had an average of 60% current 

English use with a standard deviation of 17%.  The average of current Spanish use was, 

not surprisingly, the inverse of current English use, with an average of 40% current 

Spanish use and a standard deviation of 17%.  Further, participants ranged from 8% to 

94% average current English use.  It would seem, then, that this study captured a fairly 

wide range of current use.   

 It is also notable that the participants produced passives significantly more 

frequently in English than in Spanish.  It has been observed that passive constructions 

occur rarely relative to active constructions in English (Cornelis, 1996; Vasilyeva et al., 

2010) and also that passive constructions are less frequent in Spanish than in English 

(Flett, 2003).  The results of the current study are consistent with these findings.  

Vasilyeva et al. (2010) assessed priming of passives from English to Spanish and Spanish 

to English in bilingual children and found that the children produced no passives in 
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Spanish.  Because of this result, Vasilyeva et al. proposed that even if representations of 

passive constructions are shared between Spanish and English, priming of passives from 

English to Spanish might not be observable because of the low frequency of occurrence 

of passives in Spanish. However, the current study found no significant interaction 

between prime structure and language, showing that the significant priming effect we 

found should be present in both languages.  In fact, when only the English-to-Spanish 

half of the data from the current study are analyzed, we find significant priming of 

passives (p = .004).  This provides further evidence that the representation of passives is 

fully integrated between languages in Spanish-English bilingual speakers.   

PRIMING OF TENSE 

 
The second question the study asked is whether tense markings prime across 

languages in Spanish-English bilinguals.  We found that there was no significant priming 

of the Spanish future construction ir a from the English future construction will or of the 

English future construction going to from the Spanish future tense –rá.  We also found no 

priming of English going to from the Spanish ir a or vice-versa, despite the fact that the 

verbs and prepositions in these constructions are translation equivalents of each other 

across languages.  There was also no priming of the English third person singular present 

marker from the Spanish third person singular present conjugation or vice-versa.  

Together, these results indicate that these tense markings did not prime from Spanish to 

English or English to Spanish in this group of bilinguals.  In Figure 2, the Pickering and 

Branigan (1998) model of lemma-based syntactic representation was introduced.  In this 
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model, lemmas connect to combinatorial nodes and to nodes encoding tense, aspect, and 

number features.  If we extended this model to bilingual production, our results would 

support a model in which the lemmas of each language would connect to separate, 

language-specific tense nodes.   

 Although the results provide evidence for separate representations of tense 

between the two languages of bilinguals, we might ask whether tense is subject to 

priming at all, even within languages.  There is already evidence that varying 

prepositions (Bock, 1989) and tense, aspect, and number features of verbs (Pickering & 

Branigan, 1998) between prime and target sentences does not affect priming of 

alternative dative structures in English.  However, the presence of an identical main verb 

or a translation equivalent main verb between prime and target does result in increased 

priming (Hartsuiker et al., 2004; Pickering & Branigan, 1998; Schoonbaert et al., 2007).  

The effect of verb repetition led Pickering & Branigan to argue for a lemma-based model 

of sentence representation. The lack of an effect of preposition repetition led Bock (1989) 

to argue against the claim of syntactic immanence: The results support the idea that 

prepositions and other closed-class items are not inherent parts of sentence frames, but 

rather are processed separately from sentence frames.  Because tense, aspect, and number 

features of verbs are also closed-class items, Pickering and Branigan’s results would also 

seem to provide evidence against syntactic immanence.   

Although it is clear that closed-class items do not modulate syntactic priming, 

there is little work addressing whether these items are themselves subject to priming.   

Bock (1989) found that there was a trend towards the prepositions to and for priming 
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themselves in her experiments but commented that this trend was weaker than might be 

expected given the strength of lexical repetition in language production. The fact that the 

verbs in the English future construction going to and the Spanish future construction ir a 

are considered auxiliary verbs rather than main verbs (Arroyo, 2008; Heuser, 2011) may 

explain why these did not prime each other in the current study: These forms, as markers 

of tense, are really closed-class items.  Other evidence of within-language priming of 

closed-class items comes from studies of spontaneous speech in dialects of Spanish 

(Poplack, 1980) and Brazilian Portuguese (Scherre, 2001) where plural markers are 

optional.  Scherre and Poplack found that the presence of plural markers in the second or 

third word of a complex noun phrase is largely predicted by the presence of a plural 

marker in the preceding words of the phrase.  However, it should be noted that in both 

Poplack (1980) and Scherre (2001), the elements subject to repetition within the noun 

phrase were phonologically similar because they were the same morpheme.  Bock (1989) 

found that the preposition to primed the homophonous word two at a level of significance 

that was comparable to the preposition to priming itself.  This shows that any priming of 

closed-class items may be at least partly phonological in nature. Within-language priming 

experiments involving closed-class items of varying similarity are necessary to 

definitively determine whether priming of closed-class items occurs and to what extent 

phonological similarity is responsible for this priming.  However, the fact that translation 

equivalent tense constructions did not prime each other in the current study, while the 

same individuals showed significant priming effects for passives, suggests that priming of 

closed-class items, if any, would likely be weaker than that of sentence frames.   
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In testing priming of tense, we also found that we could not answer the question 

in the way we had originally planned due to the extremely low occurrence of formal 

future constructions: There were only eight of these in English and none were produced 

in Spanish.  It has, in fact, been observed that the periphrastic future is used more 

frequently than the formal future to mark futurity in Mexico (Gutiérrez, 1995), Colombia 

(Orozco, 2005), and bilingual communities in Spain (Arroyo, 2008) and the American 

Southwest (Gutiérrez, 1995).  In fact, in comparing Spanish-English bilinguals in the 

American Southwest to monolingual Spanish speakers in Mexico, Gutiérrez found that 

the periphrastic future was more dominant in the bilingual group than in the monolingual 

group. The participants in the present study, as bilinguals living in Texas, may have had a 

particularly strong tendency towards using the periphrastic future. Szmrecsanyi (2003) 

found that in spoken American English, although occurrences of going to and will are 

roughly equal, going to is significantly more frequent than will in informal speech.  The 

main effect we found for language in the regression to predict tense is more difficult to 

account for: We found that the periphrastic future was more frequent in Spanish than in 

English.   This may be due to ir a being a more frequent construction than going to or a 

more appropriate construction for this context.  

LANGUAGE MEASURES 

 
One result unrelated to priming that this study yielded was the finding that greater 

Spanish proficiency as measured by the Spanish MINT, a vocabulary measure, had a 

greater effect on the production of passives in Spanish than in English.  Specifically, 
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higher performance on the Spanish MINT predicted greater use of passive descriptions in 

Spanish.  This is not surprising, as in Spanish the passive is relatively infrequent and is 

considered more of a literary than a spoken form (Flett, 2003; Vasilyeva et al., 2010).  It 

is more difficult to explain why only the Spanish MINT, and not the other language 

experience and proficiency measures we obtained, contributed significantly to the model.  

Gollan et al. (2012) and Sheng, Lu, and Gollan (2013) found that bilinguals were less 

accurate in using self-ratings to estimate their absolute language proficiency than to 

estimate relative language dominance.  Also, Gertken (2013), similarly to the current 

study, used experiential measures and subjective and objective proficiency measures to 

predict priming and other aspects of task performance.  Gertken also found, similarly to 

the current study, that subjective proficiency ratings as assessed by the BLP were not a 

significant predictor of these outcomes.  

 However, why would the MINT be a better predictor of passive production than 

the OPT, which is also an objective measure?  Sheng et al. also found that naming tests 

indicated greater English dominance than self-report or interview measures.  They 

suggested that because picture naming is a highly specific skill, it may be more sensitive 

to the language in which bilinguals are currently immersed.  It is possible that the MINT 

is uniquely sensitive to bilinguals’ current language experience.  Another reason that the 

MINT was a better predictor of passives than the OPT may be related to timing.  There 

was a limited amount of time for participants to name each item on the MINT (5-10 

seconds for a spontaneous response), whereas the OPT was not timed.   Another possible 

explanation is the role of vocabulary in generating sentences: Those who performed 
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higher on the MINT may have had the lexical knowledge necessary to produce complex 

sentence structures in Spanish.  The lemma-based models introduced earlier highlight the 

central role of the lexicon in selecting sentence structures. 

Results from Gertken (2013) indicate that different measures of language 

proficiency and experience relate to different types of outcomes.   Gertken found that A 

Quick Test of Cognitive Speed (AQT), a complex naming test in which participants 

quickly provide both the name and color of pictured items, was the sole significant 

predictor of reading times for sentences and judgments of relative clause attachment.  

Similarly to the MINT, the AQT involves generating names for pictured items and 

includes a time constraint.  However, Gertken also used the OPT and found that it 

significantly predicted accuracy of relative clause attachment height judgments to the 

exclusion of other measures, and the same study also found that age of acquisition was 

the sole significant predictor of priming.  The results of Gertken and the current study 

taken together suggest that different measures of experience and proficiency predict 

different types of language knowledge and skill.   

APPLICATIONS 

 
Results of this study show that passives are subject to priming in bilinguals with a 

range of language experience and skill.  The results suggest that analogous structures that 

share word order across languages are subject to transfer across languages.  Although the 

priming paradigm is substantially different from language learning in naturalistic 

contexts, we can say that in a bilingual individual, exposure to passive constructions in 
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one language results in the potential to produce an increased number of passives in the 

other language. This potential is largely unaffected by age of acquisition, levels of current 

language use, or language proficiency.  The results of this study also indicate that 

exposure to tense forms in one language does not increase the potential to produce an 

increased number of equivalent tense forms in the other language.   

FUTURE DIRECTIONS 

 
One limitation of this study was that it examined cross-language priming but not 

within-language priming.  Looking at whether tense primes within a language would 

provide a stronger test of whether tense is subject to priming.  If we tested priming of 

identical tense markers (e.g., whether going to primes going to) and priming of tense 

markers with the same function but different form (e.g., whether going to primes will), 

we would be able to determine whether priming of these forms does not occur at all or 

whether it just does not occur across languages.  Another limitation might be the fact that 

the primes for tense were divided among formal future, periphrastic future, and present.  

The low number of primes of one structure relative to the active/passive condition may 

have contributed to the lack of priming observed for tense.  Conducting this study with 

bilingual children might yield different results: Because children are in the process of 

developing language, language experience factors might affect priming in children 

differently. 
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Appendix A. Sample Pictures for each Experimental Condition 

 

Sample Active/Passive Picture: The wind blew the sock 

 

 

Sample Future Picture: The cat is going to eat 
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Appendix B. Experimental Prime Sentences and Picture Descriptions 

 
Active/passive Condition Sentences (English/Spanish) 

1. The road was blocked by the tree/El camino fue bloqueado por el árbol 

2. The earthquake shook the car/El terremoto sacudió el coche 

3. The dog was awakened by the mailman/El perro fue despertado por el cartero 

4. The van carried the chicken/La camioneta llevó el pollo 

5. The tree was killed by the heat/El árbol fue matado por el calor 

6. The journalist interviewed the actor/La periodista entrevistó al actor 

7. The man was surprised by his boss/ El hombre fue sorprendido por su jefe 

8. The children cleaned the bathroom/Los niños limpieron el baño 

9. The teacher was surprised by the noise/El maestro fue sorprendido por el ruido 

10. The storm flooded the basement/La tormenta inundó el sótano 

11. The dish was washed by the girl/El plato fue lavado por la chica 

12.  The circus entertained the child/El circo entretuvo al niño 

13. The duck was covered by the water/El pato fue cubierto por el agua 

14.  The grandmother petted the cat/La abuela acarició el gato 

15. The cake was baked by the family/El pastel fue horneado por la familia 

16. The woman cut the bread/La mujer cortó el pan 

17. The glass was broken by the arrow/El vidrio fue roto por la flecha 

18. The music calmed the baby/La música calmó al bebé 

19. The book was ripped by the lawnmower/El libro fue roto por la cortadora de pasto 
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20. The fireman threw the ball/El bombero tiró la pelota 

21. The cake was baked by the lady/El pastel fue horneado por la mujer 

22. The shovel hit the roof/La pala pegó en el techo 

23. The barn was destroyed by the storm/El granero fue destruido por la tempestad 

24. The eraser erased the number six/El borrador borró el número seis 

 

Future Condition Sentences (English/Spanish) 

1. The dog is going to run around/El perro va a correr 

2. The teacher will write/La maestra escribirá 

3. The flower grows/La flor crece 

4. The children are going to laugh/Los chicos van a reírse 

5. The toys will fall/Los juguetes se caerán 

6. The plane takes off/El avión despega 

7. The judge is going to decide/El juez va a decidir 

8. The plane will land/El avión aterrizará 

9. The baby walks/El bebé camina 

10. The family is going to go shopping/La familia va a ir de compras 

11. The bell will ring/La campana tocará 

12. The old lady prays/La viejita reza 

13. The president is going to speak/El presidente va a hablar 

14. The singer will sing/La cantante cantará 

15. The kid shouts/El nene grita 
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16. The building is going to fall/El edificio se va a caer 

17. The test will begin/El examen empezará 

18. The teacher trips/La maestra tropieza 

19. The leaves are going to change color/Las hojas van a cambiar de color 

20. The doctor will arrive/La doctora llegará 

21. The girl laughs/La chica se ríe 

22. The month is going to end soon/El mes va a terminar pronto 

23. Our neighbors will dance/Nuestros vecinos bailarán 

24. The boy scratches/El chico se rasca 

 

Active/passive Condition Picture Descriptions 

1. The ball broke the vase 

2. The bus knocked over the trashcan 

3. The lightning hit the building 

4. The bottle sprayed the cat 

5. The wind blew the sock 

6. The truck towed the taxi 

7. The sun melted the ice 

8. The motorcycle ran over the raccoon 

9. The car chased the man 

10. The waves tossed the boat 

11. The trumpet frightened the man 
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12. The door hit the man 

13. The shoe killed the grasshopper 

14. The wrecking ball destroyed the building 

15. The snow buried the skier 

16. The rain soaked the policeman 

17. The tornado lifted the cat 

18. The flyswatter killed the fly 

19. The missile hit the ship 

20. The alarm woke up the boy 

21. The vacuum scared the dog 

22. The fire melted the snowman 

23. The scissors cut the paper 

24. The bowling ball knocked over the pin 

Future Condition Picture Descriptions 

1. The boy is going to sing 

2. The boy is going to yell 

3. The girl is going to fall 

4. The man is going to iron 

5. The woman is going to play tennis 

6. The boy is going to clap 

7. The man is going to sit 

8. The man is going to run 
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9. The man is going to fly 

10. The girl is going to dive 

11. The boy is going to read 

12. The man is going to fight 

13. The boy is going to write 

14. The man is going to sleep 

15. The woman is going to clean 

16. The cat is going to eat 

17. The girl is going to skate 

18. The woman is going to dance 

19. The boy is going to jump 

20. The boy is going to talk on the telephone 

21. The girl is going to throw up 

22. The old woman is going to drive 

23. The girl is going to go up the stairs 

24. The boy is going to swim 
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